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Abstract

Objective: Electronic cigarettes have increased in popularity globally. Vaping may be associated 

with oral symptoms and pathologies including dental and periodontal damage, both of which have 

an underlying microbial etiology. The primary aim of this pilot study, therefore, was to compare 

the oral microbiome of vapers and non-vapers.

Subjects and Methods: This secondary data analysis had a cross-sectional comparative 

descriptive design and included data for 36 adults. Bacterial 16S rRNA genes were extracted 

and amplified from soft tissue oral swab specimens and taxonomically classified using the Human 

Oral Microbiome Database.

Results: Data for 18 vapers and 18 non-vapers were included in this study. Almost 56% of the 

vapers also smoked conventional cigarettes. Beta diversity differences were identified between 

vapers and non-vapers. Vapers had a significantly higher relative abundance of an unclassified 

species of Veillonella compared with non-vapers. Dual users had higher alpha diversity compared 

with exclusive vapers. Beta diversity was also associated with dual use. Multiple OTUs were 

identified to be associated with dual use of e-cigarettes and conventional cigarettes.

Conclusions: Vapers exhibit an altered oral microbiome. Dual use of electronic cigarettes and 

conventional cigarettes is associated with the presence of several known pathogenic microbes.
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1 ∣ INTRODUCTION

Electronic cigarettes (e-cigarettes) are battery-powered devices designed to heat and 

aerosolize liquids with constituents such as propylene glycol, glycerol as humectants, varied 

flavors, and in most cases, nicotine (McRobbie et al., 2015). Since coming on the market 

in the United States and Europe in 2006 (Rahman et al., 2014), e-cigarettes have increased 

in popularity. Globally, the number of vapers has grown from seven million in 2011 to 41 

million in 2018, and is estimated to increase to 55 million by 2021 (Jones, 2019). The 

United States ranks as the number one market for vape products (Jones, 2019). The most 

current U.S. statistics indicate that in 2018, an estimated 8.1 million U.S. adults were current 

vapers and 14.9% of adults reported “ever use” of an e-cigarette (Villarroel et al., 2020).

The appeal of e-cigarettes is attributed to various reasons including: ease of accessibility, 

choice of flavors, sense of fashion, and the perception that they are a healthier alternative to 

conventional cigarettes (Sapru et al., 2020). While it is widely accepted that vaping is less 

harmful than smoking (CDC, 2020; Sapru et al., 2020), it is important to note that vaping is 

not harmless (CDC, 2020), and e-cigarettes expose users to several chemicals known to have 

adverse health effects including nicotine (Marques et al., 2021), volatile organic compounds, 

and carbonyl compounds (Ebersole et al., 2020). The formation of hazardous e-cigarette 

components is influenced by vaping behavior and e-cigarette constituents. Specifically, the 

puffing topography, power output, device design, coil composition, and e-liquid formula 

all influence the emission levels of toxic carbonyls such as formaldehyde, aldehyde, 

and acrolein. Formaldehyde and aldehyde have enhanced reactivity and water solubility 

leading to concerns regarding oronasal retention and potential adverse oral health effects 

(Samburova et al., 2018).

Emerging research on the oral health effects of e-cigarette use suggests that vaping may 

be associated with various oral symptoms and pathologies including dental, and periodontal 

damage (Yang et al., 2020). Recent data revealed vegetable glycerin used in e-liquids elicits 

a 4-fold increase in microbial adhesion to enamel and a 2-fold increase in biofilm formation 

leading to pathogenic bacterial invasion and eventual tooth decay (Kim et al., 2018). 

Because dental caries and periodontal disease are the two most common oral pathologies 

and because they both have an underlying microbial etiology, the oral microbiome is an 

appropriate target of research to begin exploring oral health outcomes of vaping.

The impact of e-cigarette use on the oral microbiome is not yet fully understood. 

Research is emerging, with studies identifying an association between vaping and an 

increased prevalence of candidiasis or growth/abundance of Candida albicans (Alanazi et 

al., 2019; Bardellini et al., 2018; Mokeem et al., 2019), as well as a higher abundance of 

Proteobacteria, and opportunistic pathogens such as Rothia and Haemophilus (Chopyk et al., 

2021; Kumar et al., 2019). The viscosity of e-liquids may also contribute to the increased 

adhesiveness of caries-causing Streptococcal spp. (Kim et al., 2018).

Compared with conventional smoking, some studies show little to no impact of vaping on 

the oral microbiome (Cuadra et al., 2019; Stewart et al., 2018), while newer studies suggest 

that vapers have a distinct oral microbiome profile compared with that of both conventional 
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cigarette users and non-vapers/non-smokers (Pushalkar et al., 2020). The literature to date 

is equivocal. Our study seeks to contribute to and clarify the emerging literature in this 

area. We hypothesize that there will be oral microbiome differences between vapers and 

non-vapers; and exclusive vapers and dual users. The primary aim of this pilot study is 

to compare the oral microbiome of vapers and non-vapers. Subgroup analyses addressed a 

secondary aim to compare exclusive vapers and dual users.

2 ∣ MATERIALS AND METHODS

2.1 ∣ Design

A cross-sectional comparative descriptive design was used for this secondary data analysis. 

Emory University Institutional Review Board approval was obtained prior to commencement 

of the parent study activities (IRB00103602; Initial approval 6/12/18). The study was 

performed in accordance with the Declaration of Helsinki. Written informed consent was 

obtained from each participant after receiving a detailed explanation of the study.

2.2 ∣ Setting and participants

This was a secondary data analysis of a study designed to assess the feasibility of 

saliva and exhaled breath condensate as non-invasive matrices useful for detecting passive 

e-cigarette vapor exposure in children. Participants were enrolled for the parent study 

using convenience sampling from the local community between July 2018 and February 

2019. Eligibility criteria for the parent vapers in the original study included self-reported 

daily use of e-cigarette products in the presence of children within the home or car and 

ability to speak and read English to complete survey questionnaires. Given that this was a 

secondary data analysis and pilot exploration, a priori power or sample size analyses were 

not conducted.

2.3 ∣ Variables and groups

The outcome variable of this study was the oral microbiome. The exposure variable was 

e-cigarette use. Accordingly, our groups were defined by exposure. In our comparison of 

vapers and non-vapers, we accounted for conventional smoking status which is a known 

confounder of the oral microbiome as well as sex, age, and partner status which were 

identified to differentiate the exposure groups. The vaping group was further differentiated 

into sub-groups of exclusive vapers and dual users (e-cigarettes and conventional cigarettes).

2.4 ∣ Data sources and measurement

2.4.1 ∣ Oral microbiome samples—The parent study team reviewed with participants 

and oversaw the procedure for soft tissue oral swab collection of the dorsal tongue, hard 

palate, buccal mucosa, and keratinized gingiva, which were pooled and immediately placed 

in 750 μl of MoBio buffer contained in sterile MoBio bead tubes (MoBio laboratories, 

Inc.) using protocols based on the Human Microbiome Project (HMP) (McInnes & Cutting, 

2010). Samples were collected at various times of day depending on participant availability. 

Samples were placed on ice and transported for storage at −80°C freezer until ready for 

analysis.
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2.4.2 ∣ DNA isolation and 16S rRNA gene library preparation and sequencing
—Specimens were sent to Microbiome Insights for extraction and sequencing where they 

were placed into a MoBio PowerMag Soil DNA Isolation Bead Plate. DNA was extracted 

following MoBio's instructions on a KingFisher robot. Bacterial 16S rRNA genes were 

PCR-amplified with dual-barcoded primers (fusion 515F + 806R 16S primers) targeting the 

V4 region, as per the protocol of Kozich et al. (2013). While using multiple hypervariable 

regions increases nucleotide heterogeneity, the single V4 region was chosen for this study 

since decreasing read length can increase the quality or accuracy of the reads (Bukin 

et al., 2019). Normalized library concentrations of 1–2 ng/μl (as per the specifications 

of the Sequal Prep normalization kit) were used. A final library concentration of 8 pM 

(10% phiX) was loaded onto the flow cell (as per Kozich et al., 2013). Amplicons were 

sequenced with an Illumina MiSeq using the 300-bp paired-end kit (v.3). Sequences were 

denoised, taxonomically classified using Human Oral Microbiome Database HOMD (v.15.1) 

as the reference database (Chen et al., 2010), and clustered into 97%-similarity operational 

taxonomic units (OTUs) with the mothur software package (v.1.39.5) (Schloss et al., 2009), 

following the recommended procedure (https://www.mothur.org/wiki/MiSeq_SOP; accessed 

Nov 2017).

2.4.3 ∣ Other data—Self-reported sociodemographic data and smoking status were 

obtained from survey data from the parent study. Sociodemographic data were dichotomized 

for chi-square analyses to identify covariates of oral microbiome differences between vaping 

and non-vaping groups.

2.5 ∣ Bias

The potential for contamination was addressed by co-sequencing DNA amplified from 

specimens and from four each of template-free controls and extraction kit reagents processed 

the same way as the specimens. Two positive controls, consisting of cloned SUP05 

DNA, were also included (number of copies = 2 × 106). OTUs were considered putative 

contaminants (and were removed) if their mean abundance in controls reached or exceeded 

25% of their mean abundance in specimens.

2.6 ∣ Statistical methods

Microbiome analyses were conducted between vaper and non-vaper groups. 

Sociodemographic factors were compared between groups using independent t-tests and 

chi-square tests as appropriate. We had no missing data in our data set. Demographic factors 

that were significantly different between vapers and non-vapers were dichotomized and 

controlled for in the microbiome analyses. In addition, because of smoking's known impact 

on the oral microbiome (Wu et al., 2016), smoking of conventional cigarettes was also 

controlled for in the analysis. Because a sizable portion of our vaping group were dual users 

(vaping + conventional smoking), the vaping group was divided into sub-groups and second 

tier analyses were conducted within the vaping group to compare exclusive vapers with dual 

users.

Microbiome analyses included analysis of alpha and beta diversities. Alpha diversity, a 

measure of species diversity within a particular ecosystem, was calculated using the Chao1 
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and Shannon indices using the Vegan R package (Oksanen, 2020) on the OTU count table. 

Chao1 describes richness or the total number of species present in a community, that is, 

the higher the Chao1 score, the greater the number of species present (Lemos et al., 2011). 

The Shannon index provides a measure of both richness and evenness (Magurran, 2013). 

Communities numerically dominated by one or a few species exhibit a low Shannon score, 

whereas communities in which abundance is distributed equally among species will exhibit 

high evenness. Chao1 was calculated at the log scale to have a similar range to Shannon and 

was based on the rarefied OTU table at a rarefaction depth of 15,887 reads. No rarefaction 

was performed for Shannon calculations. The alpha diversity differences were tested using 

the Wilcoxon rank-sum test.

Beta diversities, which measure similarity/dissimilarity between a pair of communities, were 

calculated using the Bray–Curtis (abundance-weighted) and Jaccard (presence/absence of 

detected OTUs) distances. The communities were visualized on a principal coordination 

analysis (PCoA) plot based on these distance matrices to assess any clustering by groups 

of interest. The significance of the cluster differences (i.e., variation in community structure 

in relationship to group status) was assessed using the permutational multivariate analysis 

of variance (PERMANOVA) controlling for confounders. Distance matrices were used to 

conduct permutational univariate and multivariate nonparametric analysis of dissimilarities 

using the R package vegan, and p-values were adjusted for multiple testing using the 

Bonferroni correction. To estimate beta diversity across samples, Bray–Curtis and Jaccard 

distance indices were computed and visualized on an ordination plot; the Jaccard distance 

indices were the expected values when the OTU table was repeatedly rarefied to 15,887 

depth (Hu & Satten, 2020).

The Linear Decomposition Model (LDM) (Hu & Satten, 2020) was used to determine 

differences at the individual OTU level, both in terms of relative abundance and presence/

absence, controlling for false discovery rate at a nominal level of 10%.

3 ∣ RESULTS

3.1 ∣ Participant characteristics

Microbiome data for a total of 36 adults (18 vapers and 18 non-vapers) were used in 

this study. Within the vaping group, 55.6% were dual users, meaning that in addition to 

daily vaping, they also smoked conventional cigarettes some days or daily. The two groups 

differed on sex, race, and partner status (Table 1). Sex, race, and conventional smoking 

were all controlled for in subsequent microbiome analyses. Because there is no evidence 

to support partner status as a confounder of the oral microbiome, analyses were conducted 

both with and without partner status as a control variable. Results were similar confirming 

that partner status is not a significant confounder. The results and figures presented below, 

therefore, represent the analysis without partner status as a control variable.

3.2 ∣ ENDS use characteristics

Vapers used either disposable e-cigarettes or a refillable cartridge or tank system, with the 

tank system being the most popular. All vapers used e-liquid with nicotine and the most 
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popular flavors were menthol and fruit (Table 2). Dual users reported a mean of 3.9 (SD 3.5, 

range 1–10) conventional cigarettes smoked per day.

3.3 ∣ Description of microbiome data

Bioinformatic processing of sequences yielded 3901 OTUs. In checking for batch effects, 

we determined that non-vapers (controls) had a significantly higher library size than vapers 

(cases; Figure 1). After filtering out 3641 rare OTUs and 154 contaminated OTUs, 241 

remained for downstream analyses. Note that all analyses based on presence-absence data 

(Chao1 index, Jaccard distance matrix, presence-absence LDM) accounted for the variation 

in library size (Hu et al., 2020).

3.4 ∣ Characterization of oral microbiome of vapers and non-vapers

There was no difference in either Chao1 or Shannon diversity between groups controlling 

for race, sex, and smoking (Figure 2). PERMANOVA testing, controlling for the same three 

confounders, however, suggests a significant difference between the two groups in terms of 

both Bray–Curtis and Jaccard distances (Figure 3).

At the level of the individual OTU, the relative abundance of one OTU was detected by 

the LDM to be associated with group status. Vapers had a significantly higher relative 

abundance of an unclassified species of Veillonella (OTU0007) compared with non-vapers 

(adj. p = 0.04; Figure 4). In terms of presence/absence of taxa, however, no OTU, was 

detected to be associated with group status.

3.5 ∣ Characterization of oral microbiome of exclusive vapers and dual users

Dual users had higher alpha diversity compared with exclusive vapers with a significantly 

higher log Chao1 value and a Shannon score that also trended higher (Figure 5).

The beta diversity of these two sub-groups differed in terms of the Jaccard similarity 

measure (presence/absence of OTUs), but not the Bray–Curtis metric (abundance-weighted 

metric) (Figure 6).

As suggested by the non-significant association between the Bray–Curtis indices and 

sub-group status, there were no OTUs detected, for which the relative abundance was 

associated with sub-group status after multiple testing correction. Multiple OTUs at the 

presence-absence level, however, were identified to be associated with sub-group status, 

such that several taxa were more likely to be present in dual users of both conventional 

cigarettes and e-cigarettes compared with exclusive vapers (top 10 OTUs—see Table 3 and 

Figure 7).

4 ∣ DISCUSSION

The human oral cavity has a distinct microbiome integral to both the maintenance of oral 

health and overall health (Wade, 2013). A variety of factors influence the oral microbiome 

including dietary patterns, sugar consumption, antibiotic use, and oral hygiene. While 

smoking is known to alter the oral microbiome and contribute to oral disease, little is known 

about the impact of vaping on the oral microbiome. The aim of this study, therefore, was to 
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compare the oral microbiome of vapers and non-vapers. Additionally, we compared the oral 

microbiome of exclusive vapers and dual users.

4.1 ∣ Vapers have a distinct oral microbiome

Alpha diversity (how many OTUs are present in a community and how evenly they are 

distributed) for the participants in our study did not differ between vapers and non-vapers 

when controlling for race, sex, and smoking status. This contrasts with recent studies 

which identified a higher alpha diversity in the oral microbiome of vapers compared 

with non-vapers (Chopyk et al., 2021; Ganesan et al., 2020; Pushalkar et al., 2020). The 

discrepancy may be related to the matrix sampled in our study, that is, soft tissue swabs. 

Studies which identified higher alpha diversities among vapers compared with non-vapers 

assessed the salivary microbiome (Chopyk et al., 2021; Pushalkar et al., 2020) or the 

subgingival microbiome (Ganesan et al., 2020). Recent evidence by Chopyk and colleagues 

suggests alpha diversity differences are not detectable with soft tissue swabs nor in buccal 

swab specimens. However, significant alpha diversity differences were observed in saliva 

specimens (Chopyk et al., 2021).

We did identify a difference between vapers and non-vapers in terms of overall microbiome 

composition as indicated by significant associations between beta diversity indices and 

vaping group status, even when controlling for confounders such as sex, race, and 

smoking status (Figure 3). Both Bray–Curtis and Jaccard distance indices were significantly 

associated with vaping status, a strong indication that vaping alters the oral microbiome, in 

terms of relative abundance of taxa and presence/absence of taxa. Pushalkar et al. (2020) 

similarly found significantly altered salivary microbiome beta diversity among their vapers 

compared with smokers and never smokers, as did Chopyk et al. (2021) for their buccal 

swab samples, and Ganesan et al. (2020) for their subgingival samples. Our study, therefore, 

contributes to the emerging evidence that strongly suggests that vapers have a distinct oral 

microbiome.

Differential abundance testing suggested that an unclassified species of Veillonella 
contributed to this difference. Vapers had a higher relative abundance of this species of 

Veillonella compared with non-vapers. This finding mirrors that of Chopyk et al. (2021) 

and Ganesan et al. (2020) who also identified increased relative abundance of Veillonella 
in e-cigarette users compared with non-vapers. Veillonella contain species that are typically 

found in the oral cavity and are known to act as opportunistic pathogens, stimulate the 

growth of other pathogenic organisms (Knapp et al., 2017), and are enriched among 

conventional smokers (Al-Zyoud et al., 2019). Furthermore, species such as V. parvula 
are overrepresented in carious lesions compared with healthy tooth surfaces (Tanner et 

al., 2011). Veillonella, thus emerges as a genus target for future investigations of the oral 

microbiome among e-cigarette users. Specifically, research should be focused on identifying 

species, strains, and functional profiles of Veillonella that are enriched among vapers in 

order to understand the potential clinical manifestations of this microbiome shift.
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4.2 ∣ The impact of dual use of e-cigarettes and conventional cigarettes on the oral 
microbiome

Our findings demonstrate that dual users have an oral microbiome that is clearly distinct 

from that of exclusive vapers in terms of both alpha and beta diversity. The dual users in our 

group reflected a higher alpha diversity similar to that of smokers (Mason et al., 2015). This 

finding departs from that of Ganesan et al. (2020) who found that the dual users clustered 

taxonomically with former smokers and with exclusive ENDS users. This difference in 

findings, again, may be a function of the different matrices that were sampled. Our study 

sampled soft tissue while Ganesan et al. sampled subgingival plaque. Differences may also 

be explained by variations in duration of dual use as well as variations in proportion and 

frequency of e-cigarette/conventional cigarette use.

We observed that the differential presence of several taxa was associated with dual use, 

which is not surprising given the known impact of conventional smoking on the oral 

microbiome (Wu et al., 2016). The beta diversity analyses in our study did not identify 

differences in abundance of taxa between exclusive vapers and dual users (Bray–Curtis). We 

did, however, identify multiple taxa that differentiated the two groups in terms of presence/

absence. The taxa listed in Table 2 reflect the top 10 OTUs that significantly differed 

between exclusive vapers and dual users in terms of presence/absence (Jaccard distance). All 

were more likely to be present in dual users of both conventional cigarettes and e-cigarettes 

suggesting that the use of conventional smoking is the driving force of this enrichment.

Some of these organisms have strong associations with periodontitis, for example, T. 
forsythia and P. endodontalis (Lombardo Bedran et al., 2012). Other organisms are lesser 

known but may have periopathogenic potential. A. rava, for example has been isolated 

from subgingival plaque (Downes et al., 2013). This obligate anaerobe is closely related 

to Prevotella tannerae (Downes et al., 2013), an organism that has been associated with 

endodontic infection (Xia et al., 2000). Several Prevotella species differentiated our dual 

users from vapers. Named or unnamed, not much is known about these taxa; however, 

organisms belonging to the genus Prevotella are a normal part of the human oral flora 

and have been frequently isolated from oral infections such as periodontitis, dental caries, 

and abscesses (Downes et al., 2007). Actinomyces spp. are known to play an early role 

in gingivitis. S. anginosus is a gram-positive streptococcus native to the oral cavity and 

upper respiratory tract and has been associated with opportunistic infections throughout the 

body (Jiang et al., 2020). Smoking of conventional cigarettes is known to alter the oral 

microbiome by decreasing the commensal organisms and increasing pathogens (Al-Zyoud et 

al., 2019). Our findings lean toward this direction with dual users of both e-cigarettes and 

conventional cigarettes having an enrichment of potentially pathogenic species.

5 ∣ LIMITATIONS AND FUTURE RESEARCH CONSIDERATIONS

Several limitations of this study must be acknowledged. First, the small sample size 

and cross-sectional design limit our power to identify and determine the direction of 

the associations. Longitudinal investigation of the oral microbiome with a larger cohort 

is needed. Second, because this was a secondary data analysis, we were limited in our 

ability to collect data on important confounders such as clinical oral health status and oral 
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hygiene variables. Our ability to draw species level conclusions was limited by marker gene 

sequencing. Future research should consider deeper sequencing methods such as shotgun 

metagenomic sequencing which would enable taxonomic identification down to the species 

and strain level. Finally, our oral soft tissue matrix may not have comprehensively captured 

the oral cavity, for example, dentine surfaces and subgingival spaces. Future research 

should consider the collection of multiple matrices to comprehensively understand the 

microbial ecosystem in the oral cavity. Saliva may also offer a global snapshot of the oral 

microbiome since saliva bathes the entire oral cavity collecting organisms from various 

habitats (Yamashita & Takeshita, 2017).

6 ∣ CONCLUSION

Despite these limitations, the findings of this pilot exploration suggest an association 

between exclusive vaping and variations within the oral microbiome. Likewise, the 

evaluation of dual usage consisting of e-cigarettes and conventional cigarettes revealed 

variances in several known and unknown pathogenic microbes. The increasing uptake of 

e-cigarettes, various e-cigarette formats, vaping behavior and dual use may play a role 

in oral microbiome alterations, which may elicit oral disease. The observations described 

herein indicate an intersection between pathogenic oral microbiota and vaping warranting 

further investigation. A deeper understanding of the function and diversity of microbes in the 

oral cavity will inform clinician assessment and patient education.
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FIGURE 1. 
Comparison of OTU library size between groups
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FIGURE 2. 
No difference in alpha diversity between vapers (cases) and non-vapers (controls)
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FIGURE 3. 
Beta diversity differences between vapers (cases) and non-vapers (controls)
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FIGURE 4. 
Vapers demonstrated a higher relative abundance of Veillonella unclassified
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FIGURE 5. 
Dual users (1) have a higher alpha diversity than exclusive vapers (0)
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FIGURE 6. 
Exclusive vapers (0) and dual users (1) had significantly different beta diversity in terms of 

the Jaccard metric (presence/absence)
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FIGURE 7. 
Exclusive vapers (0) and dual users (1) had significantly different (expected) proportion of 

presence (when the data were rarefied to 15,887 depth) at the 10 detected OTUs
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TABLE 2

Self-reported ENDS use behaviors and patterns (n = 18)

n(%)

Type of devicea

 Disposable 3 (16.7)

 Refillable cartridge 7 (38.9)

 Refillable tank system 10 (55.6)

Nicotine concentration

 1–6 mg 11 (68.8)

 7–12 mg 3 (16.7)

 13–18 mg 1 (5.6)

 25 mg or more 1 (5.6)

 Don't know 2 (11.1)

Flavors useda

 Menthol 9 (50)

 Fruit 11 (68.8)

 Chocolate 1 (5.6)

 Alcohol 1 (5.6)

a
Some participants reported using more than one type of device or flavor.
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