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A B S T R A C T   

Background: The electronic nicotine delivery systems (ENDS) market is heterogeneous with a wide variety of 
devices and liquids available to consumers. People with distinct sociodemographic characteristics may have 
different ENDS device and liquid preferences. 
Methods: 1290 U.S. adults (21 + ) using ENDS 5 + days/week completed the Wave 5 (February-April 2023) 
VAPER study survey and submitted photos of their most used ENDS device and liquid. Latent class analysis (LCA) 
was performed based on sociodemographic characteristics and cigarette smoking status to identify groups among 
respondents. We examined the association between identified groups and the device (disposable device/ 
disposable pod/refillable pod/tank, power/airflow/coil modifiability)/liquid (nicotine salt/freebase) groupings 
found by exploratory factor analysis. 
Results: Among our sample, there were three groups of adults frequently using ENDS: (1) group of women who 
are older, heterosexual, and have smoked cigarettes (62 % of the sample); (2) group of men who are higher- 
income and heterosexual (23 % of the sample); and (3) group of women who are younger and LGBTQ+ (16 
% of the sample). The third group was more likely to use non-adjustable disposable devices with a nicotine salt 
liquid and less likely to use adjustable tanks with a freebase liquid than the other two groups (p < 0.001). 
Conclusions: We found three distinct groups of adults frequently using ENDS. The group of younger LGBTQ +
women was different from the other two groups in use of device and liquid characteristics. Our findings can 
enhance understanding of people using ENDS and inform the expected impacts of ENDS regulatory efforts to 
protect public health.   

1. Introduction 

In 2021, 4.5 % of adults in the U.S. currently use electronic nicotine 
delivery systems (ENDS) (QuickStats, 2021). The ENDS market is 
changing rapidly and is highly heterogeneous with a wide variety of 
devices and liquids available to consumers (Cohen et al., 2022; O’Con
nor et al., 2022). Examining ENDS device and liquid together can pro
vide a more comprehensive understanding of the chosen and used 
products. The most prevalent combination reported by more than one- 
third (36.2 %) of adults frequently using ENDS in 2020 was tank de
vices with adjustable settings and a freebase nicotine liquid, followed by 
disposable pods with non-adjustable settings and a nicotine salt liquid 
(22.8 %), refillable pods with adjustable settings and a nicotine salt 

liquid (12.6 %), refillable pods with adjustable settings and a freebase 
liquid (8.1 %), and disposable devices with non-adjustable settings and a 
nicotine salt liquid (7.1 %) (Cohen et al., 2022). Since the U.S. Food and 
Drug Administration (FDA) issued a policy prioritizing enforcement 
against all flavors except menthol and tobacco from disposable pods 
such as JUUL in 2020 (U.S. FDA, 2020), there has been a decline in the 
use of disposable pods and a continuous increase in the use of disposable 
devices such as Elf Bar through the beginning of 2023 (Nian et al., 2023; 
CDC Foundation, 2023). 

There are a handful of studies, with mixed findings, exploring the 
sociodemographic characteristics of adults using different ENDS devices 
and liquids characteristics, but they examined device and liquid char
acteristics separately. Based on Wave 3 (2015–2016) of the Population 
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Assessment of Tobacco and Health (PATH) Study data, people using 
refillable ENDS were more likely to be younger (Sharma et al., 2021; 
Coleman et al., 2019), male, non-Hispanic White, formerly smoked, and 
use ENDS daily (Coleman et al., 2019); and people using disposable 
ENDS were less likely to be White compared to people using other device 
types (Sharma et al., 2021). A study of vape store customers in California 
in July 2019–March 2020 found that people using disposable pods were 
younger and used higher nicotine concentration levels, while less likely 
to ever use cigarettes and use ENDS daily compared to people using 
refillable pods and other non-pod ENDS (Galimov et al., 2021). 

Little is known about the sociodemographic characteristics of adults 
using different combinations of ENDS device types, device adjustability 
and liquid formulations, with the most recent data to reflect the rapidly 
changing ENDS market. To fill this gap, we used data in 2023 to examine 
the common sociodemographic traits among adults using ENDS and the 
groupings of device and liquid they utilize to inform ENDS regulatory 
efforts as well as interventions for people with specific attributes. 

2. Methods 

This study used wave 5 (February-April 2023) data (n = 1290) of the 
Vaping and Patterns of E-cigarette Use Research (VAPER) study, a lon
gitudinal cohort study among U.S. adults (age 21 + ) using ENDS at least 
5 days/week. Details about the VAPER Study methodology have been 
reported (Hardesty et al., 2023). Adults were recruited to participate in 
an online survey hosted by REDCap and were asked to report their ENDS 
use behaviors. A range of security, data integrity and data quality stra
tegies were employed. Respondents were also asked about their most 
used device including questions about device characteristics such as 
reusability, refillability, use of a tank or pod, and modifiability of the 
power or airflow or coil; and about liquid characteristics such as nicotine 
formulation. In addition to answering survey questions, respondents 
submitted photos of their most used device and liquid. The Virginia 
Commonwealth University Institutional Review Board (IRB) approved 
the study (HM20015004), with the Johns Hopkins Bloomberg School of 
Public Health IRB relying on the VCU IRB as the IRB of record 
(IRB9277). 

Latent class analysis (LCA) is a probabilistic modelling algorithm 
that can be used to group participants from multivariate data into sub
groups with similar, unobservable memberships. By using the R 4.2.1 
package “poLCA” (Linzer and Lewis, 2011), we found latent groups 
within our sample of U.S. adults using ENDS that shared certain char
acteristics based on the pattern of their responses to a series of in
dicators, including sociodemographic characteristics (gender [woman, 
man], age [<30, 30 + ], race [single race White, single race non-White 
or mixed race], annual household income [<$40,000, $40,000 + ], and 
sexual orientation [heterosexual, non-heterosexual]); and cigarette 
smoking status (never smoked, others). We undertook LCA using 
maximum likelihood estimates. 

Exploratory factor analysis (EFA), a statistical technique which can 
reduce data to a smaller set of summary variables (i.e., factors), was 
conducted to identify the underlying relationships between ENDS device 
and liquid characteristics. Principal axis factoring analysis was used as 
the extraction method due to the assumption of latent constructs. Direct 
oblimin was chosen as the rotation method because significant corre
lations were found among variables. Internal consistency of the vari
ables within factors was tested by Cronbach’s alpha (Tavakol and 
Dennick, 2011). 

Chi-square tests were used to test the differences between various 
groups (determined by LCA) in using device/liquid groupings (deter
mined by EFA). A 2-sided p < 0.05 was considered statistically 
significant. 

3. Results 

The majority of respondents were White (75.7 %), non-Hispanic 

(88.3 %) and heterosexual (69.5 %); about half (48.5 %) had an 
annual income less than $40,000; 29.3 % of respondents were less than 
30 years old and 22.7 % first used ENDS before 21 years old (Appendix 
1). 

We created five LCA models with 2 to 6 latent classes. The optimal 
number of classes was determined based on the statistical fit measures 
(Akaike Information Criteria [AIC], Bayesian Information Criteria [BIC] 
and log likelihood), model parsimony and interpretability (Nylund et al., 
2007; Sinha et al., 2021). The 3-class model fit the data best, as it 
optimally minimized AIC and BIC while providing relatively fewer but 
meaningful groups (Appendix 2). Three groups identified by LCA were 
interpreted as: (1) women (prob = 0.75) who are older (age 30+; prob =
0.88), heterosexual (prob = 0.77), and have smoked cigarettes (prob =
0.94) (62 % of the sample); (2) men (prob = 0.75) who are higher- 
income (annual income $40,000+; prob = 0.83) and heterosexual 
(prob = 0.94) (23 % of the sample); and (3) women (prob = 0.84) who 
are younger (under age 30; prob = 0.90) and LGBTQ+ (prob = 0.70) (16 
% of the sample) (Table 1). 

The EFA showed that device type, adjustable settings, and nicotine 
formulation exhibited factorability, all loading onto one factor (Ap
pendix 3). We then created a device/liquid grouping variable based on 
this underlying factor. Above 90 % of respondents reported using one of 
the five device/liquid groupings: (1) disposable device with non- 
adjustable settings and a nicotine salt liquid (37.1 %) such as Elf Bar 
BC5000; (2) tank device with adjustable settings and a freebase liquid 
(20.3 %) such as GeekVape Aegis L200 with a freebase liquid; (3) 
disposable pod device with nonadjustable settings and a nicotine salt 
liquid (12.2 %) such as JUUL; (4) refillable pod device with adjustable 
settings and a nicotine salt liquid (11.6 %) such as SMOK Novo 4 with a 
nicotine salt liquid; and (5) refillable pod device with adjustable settings 
and a freebase liquid (10.5 %) such as SMOK Novo 5 with a freebase 
liquid. 

Using the three groups determined by the LCA, we examined the 
preference for device/liquid grouping (Table 2). The top device/liquid 
grouping choice of all three groups was a non-adjustable disposable 
device with a nicotine salt liquid. More than half of respondents (54.2 %) 
in the group of women who are younger and LGBTQ + used this device/ 
liquid grouping which was significantly higher than the other two 
groups (group of women who are older, heterosexual and have smoked 
cigarettes: 33.6 %; group of men who are higher-income and hetero
sexual: 32.8 %; p < 0.001). Above 20 % of respondents in the group of 
women who are older, heterosexual and have smoked cigarettes (21.9 
%) and the group of men who are higher-income and heterosexual (23.5 
%) used adjustable tanks with a freebase liquid, which was significantly 
higher than the group of women who are younger and LGBTQ+ (7.9 %, 
p < 0.001). And 11.5 % of respondents in the group of women who are 
older, heterosexual and have smoked cigarettes used adjustable refill
able pods with a freebase liquid which was significantly higher than the 
group of women who are younger and LGBTQ+ (5.9 %, p < 0.05). The 
group of women who are older, heterosexual and have smoked ciga
rettes and the group of men who are higher-income and heterosexual 
had no significant difference in the preference for device/liquid 
grouping. 

4. Discussion 

A comprehensive understanding of device and liquid preferences 
among people using ENDS can help inform ENDS regulatory efforts 
aimed at protecting public health. Using LCA, we were able to identify 
three distinct groups of U.S. adults who used ENDS frequently – a group 
of women who are older, heterosexual and have smoked cigarettes, a 
group of men who are higher-income and heterosexual, and a group of 
women who are younger and LGBTQ +. Differences in device/liquid 
grouping preferences were observed between the group of younger and 
LGBTQ + women and the other two groups. 

This study provides some evidence to inform regulations of ENDS 

Q. Nian et al.                                                                                                                                                                                                                                    



Preventive Medicine Reports 37 (2024) 102561

3

device and liquid characteristics and interventions for people with 
specific attributes. We found that, in 2023, the group of women who are 
younger and LGBTQ + was more likely to use non-adjustable disposable 
devices with a nicotine salt liquid such as Elf Bar, however, a study in 
2020 found that people aged 13-24who identified as LGBTQ + were 
more likely to use disposable pods (Gaiha et al., 2022). The inconsistent 
findings may be attributed to the rapidly changing ENDS market. Before 
the FDA flavor decision in 2020, which only bans flavored disposable 
pods (other than tobacco- or menthol-flavored) and excludes flavored 
disposable devices and liquids used in tanks or refillable pods (Hem
merich, 2020), disposable pods like JUUL were the most used type of 
ENDS among adolescents (Majmundar et al., 2022; Sidani et al., 2019). 
Since 2020, there has been a decline in the sales of disposable pods, 
while the market for disposable devices, such as Elf Bar, has experienced 
continuous growth (CDC Foundation, 2023). In 2021, the use of 
disposable devices surpassed that of disposable pods as the preferred 
type of ENDS among adolescents. We also observed the prevalence of 
non-adjustable disposable devices with a nicotine salt liquid among 
adults. It is the most popular device/liquid grouping across groups, with 
above half of the group of women who are younger and LGBTQ +
reporting using this grouping in 2023. 

Adjustable tank with a freebase liquid was the second most prevalent 

device/liquid grouping in 2023. The group of women who are older, 
heterosexual and have smoked cigarettes and the group of men who are 
higher-income and heterosexual were more likely to use this device/ 
liquid grouping compared to the group of women who are younger and 
LGBTQ +. Previous studies suggested that males and people who 
formerly smoked were more likely to use refillable ENDS (Coleman 
et al., 2019). 

Device type or characteristic-specific regulations could dispropor
tionately impact groups with distinct sociodemographic characteristics 
and cigarette smoking histories, although additional study is required. 
For example, higher excise taxes on disposable devices or banning the 
use of nicotine salts could lead to disproportionate behavior changes for 
women who are younger and LGBTQ+: they may transition at higher 
rates to using ENDS with a freebase liquid, stop using ENDS, or start 
smoking cigarettes. In addition, the findings of this study could inform 
education campaigns and smoking cessation programs that target spe
cific populations to improve health equity. 

The strengths of this study include the use of person-centered 
approach (i.e., LCA) that concurrently examines the sociodemographic 
characteristics of U.S. adults frequently using ENDS and explores the 
association between groups obtained by LCA and their ENDS device/ 
liquid grouping preference using recent survey data. One limitation is 
that we reported respondents’ most commonly used device and liquid; 
however, respondents may use additional device(s) and/or liquid(s). 
Additionally, although LCA is a rigorous statistical method, the class 
assignments are not guaranteed to be completed accurately and the class 
membership is complex (Weller et al., 2020). Because of the complexity 
of class membership, we were not able to assign simple names that were 
sufficiently descriptive of each group. 

5. Conclusions 

Three groups of U.S. adults frequently using ENDS were identified, 
each with distinct sociodemographic characteristics and cigarette 
smoking status. The group of women who are younger and LGBTQ + is 
more likely to use non-adjustable disposable devices with a nicotine salt 
liquid and less likely to use adjustable tanks with a freebase liquid than 
the other two groups. The findings of this study can enhance under
standing of people using ENDS frequently and inform projected impacts 
of regulatory efforts on ENDS to ensure the protection of public health. 

Funding 

Research reported in this publication was supported by NIDA and 
FDA Center for Tobacco Products (CTP) under Award Number 
U54DA036105. The content is solely the responsibility of the authors 
and does not necessarily represent the official views of the NIH or the 

Table 1 
Probability of attributes by group identified by LCA, VAPER study, Wave 5, United States, 2023.    

Group 1: women who are older, heterosexual 
and have smoked cigarettes 

Group 2: men who are higher- 
income and heterosexual 

Group 3: women who are 
younger and LGBTQ+

Total  

Total proportion 61.6 22.7 15.7 100  
n (total N = 1290) 794 293 203 1290 

Gender Man 0.25 1.00 0.16 0.39 
Woman 0.75 0.00 0.84 0.61 

Age Below 30 0.12 0.33 0.90 0.29 
30+ 0.88 0.67 0.10 0.71 

Race Single race White 0.82 0.69 0.66 0.76 
Single race non-White/ 
multi-race 

0.18 0.31 0.34 0.24 

Annual Income Below $40 K 0.58 0.17 0.59 0.49 
$40 K+ 0.42 0.83 0.41 0.51 

Sex Orientation Heterosexual 0.77 0.94 0.38 0.70 
non-Heterosexual 0.23 0.06 0.62 0.30 

Cigarette smoking 
Status 

Never smoker 0.06 0.16 0.39 0.13 
Others 0.94 0.84 0.61 0.87  

Table 2 
Distribution of each device/liquid grouping across the three groups identified by 
LCA, VAPER study, Wave 5, United States, 2023.  

Device/Liquid 
Grouping 

Group 1: women who 
are older, 
heterosexual and 
have smoked 
cigarettesn (%) 

Group 2: men who 
are higher-income 
and heterosexualn 
(%) 

Group 3: 
women who 
are younger 
and LGBTQ +
n (%) 

Disposable 
device (salt, 
no adj 
settings) 

267 (33.6) 96 (32.8) 110 (54.2)* 

Refillable tank 
(freebase, 
adj settings) 

174 (21.9) 69 (23.5) 16 (7.9)* 

Disposable pod 
(salt, no adj 
settings) 

100 (12.6) 31 (10.6) 25 (12.3) 

Refillable pod 
(salt, adj 
settings) 

80 (10.1) 42 (14.3) 26 (12.8) 

Refillable pod 
(freebase, 
adj settings) 

91 (11.5) 31 (10.6) 12 (5.9)** 

Others 82 (10.3) 24 (8.2) 14 (6.9) 

Note. *Group 3 vs Group 1 & 2, p < 0.001. ** Group 1 vs Group 3, p < 0.05. 
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