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INTRODUCTION
The global progress made in reducing the prevalence of 

cigarette smoking1 may have led to another challenge 
for tobacco control. The tobacco industry’s fear of 

ABSTRACT
INTRODUCTION A major concern regarding non-cigarette tobacco or nicotine products 
(NCTNPs) is whether they facilitate or mitigate overall tobacco or nicotine use. 
We examined longitudinal transitions of cigarettes and electronic nicotine delivery 
systems (ENDS) by constructing a retrospective cohort based on the recall data 
of a cross-sectional sample.
METHODS Using the Korea Youth Risk Behavior Survey, we constructed cross-
sectional data of 59576 adolescents into retrospective cohort data. Participants 
were categorized into 4 mutually exclusive tobacco or nicotine use states. We used 
a multistate Markov model to identify transitions between the states to calculate 
transition intensity ratios (TIRs), and examined the current use of tobacco or 
nicotine products to assess both gateway effects to cigarettes, and whether ENDS 
use helps adolescents quit cigarette smoking.
RESULTS Compared with never use, use of ENDS was associated with an increased 
risk of initiation of cigarette use (TIR=6.8; 95% CI: 4.5–10.2). The risk of 
transitioning from cigarette ever use to ENDS, compared with never use to ENDS, 
was even more pronounced (TIR=44.1; 95% CI: 34.1–56.9). The prevalence 
of current cigarette smoking was higher among those who started ENDS then 
cigarettes, compared to those who began cigarette use without experimenting with 
ENDS (43.1% vs 35.8%). Moreover, 27.8% (95% CI: 23.6–32.0%) of adolescents 
who experimented first with cigarettes then moved to ENDS were current users 
of cigarettes, and 46.4% (95% CI: 42.1–51.1%) of these adolescents were current 
users of both cigarettes and ENDS.
CONCLUSIONS Based on the recall data of a cross-sectional sample, we demonstrate 
that ENDS experimentation increases the likelihood of cigarette smoking 
initiation. A significant proportion of these adolescents continue to use cigarettes. 
Moreover, those who experimented with cigarettes then ENDS also continue 
smoking cigarettes or both cigarettes and ENDS. We suggest comprehensive 
tobacco control policies for all tobacco/nicotine products and monitoring the 
timing of NCTNP initiation in cross-sectional surveys.

ABBREVIATIONS ENDS: electronic nicotine delivery systems, HTTP: heated tobacco products, KYRBS: Korea Youth Risk Behavior 
Survey, NCTNP: non-cigarette tobacco or nicotine products, TI: transition intensity, TIR: transition intensity ratios, TP: transition 
probability.
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losing its profitability and political influence has led to 
diversification of products2,3. Successful new products 
include electronic nicotine delivery systems (ENDS), 
which were first developed in 2003. The estimated 
global market for ENDS expanded from $3 billion4 to 
$10 billion5 from 2013 to 2015. However, the growth 
in the use of ENDS subsequently decreased due to 
their failure to deliver nicotine rapidly and provoke 
the sensations cigarettes provide6,7. Subsequently, 
heated tobacco products (HTP), which are similar to 
cigarettes, emerged in 2014 and were marketed with 
a ‘reduced harm’ statement8. The tobacco industry 
expects HTPs to rehabilitate its reputation; the 
chief executive officer of Philip Morris International 
(PMI) stated these products are the ‘greatest growth 
opportunity in the years to come’9. In June 2015, 
Pax Labs (currently JUUL Labs) launched JUUL, 
a USB-shaped ENDS: this re-ignited ENDS use, 
with its market share among ENDS increasing from 
<5% to >70% in 2 years10. Later models of ENDS, 
including JUUL, are capable of delivering an equal or 
greater amount of nicotine compared to conventional 
cigarettes11. These non cigarette tobacco or nicotine 
products (NCTNPs) may confuse the public and 
renormalize tobacco use due to their claims of reduced 
harm, designer looks, and approval or certification by 
a governmental organization3. Each product also has 
the potential to dilute tobacco control measures aimed 
at marginalizing the use and industry of tobacco 
products.

Determining whether a new NCTNP is a threat or 
opportunity to tobacco control requires identifying 
behavioral transitions between tobacco or nicotine 
products. Some advocate ENDS as a means to reduce 
tobacco-related harm, others express concern over 
the possibility of renormalization of tobacco use12. 
With some exceptions, the evidence generally 
indicates that ENDS13 and HTPs14 contain fewer or 
lower levels of toxicants (found in cigarette smoke) 
compared to combustible cigarettes, but also expose 
users to other chemicals not found in cigarette smoke. 
Those chemicals include aerosolized propylene 
glycol, vegetable glycerin, chemical flavorings as 
well as protonated nicotine (also known as nicotine 
salts)15. The health effects of chronic exposure to 
such chemicals are unknown. Further, reduced health 
risks cannot be substantiated without considering the 
behavioral patterns of tobacco or nicotine product 

use. One public health concern regarding NCTNP 
use behaviors is whether these products induce a 
gateway effect, leading users to start using a more 
harmful tobacco or nicotine product to obtain nicotine 
more effectively16. Furthermore, studies on gateway 
effects from ENDS to cigarettes have been criticized 
by ENDS advocates for not considering the gateway 
out of cigarette smoking to ENDS. For the claims of 
the ENDS advocates to be true, empirical evidence 
must show that behavioral transitions occur from ever 
cigarette smoking to ENDS, and non-current use of 
cigarette smoking17.

Behavioral patterns of use of these products should 
be explored first and foremost among adolescents, 
who are curious about novel and high-technology 
products18, more vulnerable to nicotine induced 
harm19, and are also at the forefront of social change 
such as the movement for a tobacco-free world20. 
The primary aim of tobacco control policies is to 
deter initiation21, so tobacco or nicotine use among 
adolescents should be investigated in terms of product 
experimentation (i.e. ever use). Not all adolescents 
who experiment become established users, but 
experimentation during adolescence is one of the 
strongest predictors of tobacco use in adulthood22. 
Once the sequential order of ever use status is 
identified, progression to regular use needs to be 
assessed.

Clarifying behavioral transitions requires 
longitudinal data. Timely monitoring of tobacco use 
is essential, as delaying data collection can result 
in a large number of users becoming addicted with 
catastrophic consequences. Monitoring is particularly 
important for newly introduced NCTNPs, because 
these are quickly adopted by younger generations18; 
however, a long time is required to collect longitudinal 
data, that include the use of both tobacco/nicotine 
products already on the market, and products just 
introduced. An alternative to a time-consuming 
longitudinal study is a cross-sectional cohort 
study23, which involves a cross-sectional cohort and 
retrospective assessment of exposure and outcomes. 
By constructing a retrospective cohort using recall 
data of a nationally representative sample of Korean 
adolescents, we examined whether use of ENDS leads 
to cigarette smoking initiation, and whether those 
who started ENDS then progressed to cigarettes and 
use cigarettes regularly. In addition, we examined 
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whether those who experimented first with cigarette 
smoking then progressed to ENDS, eventually stop 
from being current cigarette smokers.

METHODS
Data source
We used data from the 14th (2018) Korea Youth Risk 
Behavior Survey (KYRBS), which explores health-
related behaviors of Korean adolescents (school 
grades: 7–12). Details of the survey have been 
published previously24. Briefly, KYRBS is a nationally 
representative cross-sectional survey with multi-stage 
cluster sampling conducted in June 2018. The school 
participation rate was 100%, and 95.6% of students 
completed an anonymous, web-based survey. In total, 
60040 adolescents completed the survey; 244 were 
subsequently excluded for missing values of grade at 
initiation of cigarette (n=205) and ENDS (n=38) use, 
and paternal educational attainment (n=1), so 59796 
individuals were used in the analysis. This study was 
exempt from review by the Seoul National University 
Institutional Review Board.

Study design
We used a cross-sectional cohort design23 to generate 
longitudinal data on adolescent tobacco or nicotine 
use. This design yields similar estimates to a cohort 
study, with similar validity conditions to traditional 
retrospective studies23. The same approach was used 
by Mayet et al.25 to assess the transition between 
cigarette smoking and cannabis use. We used a 
single cross-sectional sample (n=59796). Because 
the participants in the cross-sectional survey were 
asked about their grade at first experimentation with 
cigarettes and ENDS, we were able to construct a 
retrospective cohort based on the subjects’ recall of 
the grades during which they first used cigarettes and/
or ENDS. As participants’ use-states in the previous 
grade and current grade were identified using the 
constructed cohort, adolescents were assumed to be 
followed for 4 months from the end of their previous 
grade (end of February 2018) to the time of survey 
administration (June 2018).

Measures
The products assessed were cigarettes and ENDS. Ever 
users of each product were defined as participants 
who responded ‘yes’ to any of the following questions: 

‘Have you ever smoked a cigarette, even one puff?’ or 
‘Have you ever used an electronic cigarette?’.

For never users of each product, the states at both 
baseline and follow-up were coded as ‘never’. For 
ever users of cigarettes and/or ENDS, the follow-up 
states were coded as ‘ever’. The baseline state for 
cigarettes and ENDS was assessed by inquiring about 
the grade at the time of initiation of these products. 
Ever users were asked: ‘When was the first time you 
smoked a cigarette, even just one or two puffs?’ and/
or ‘When was the first time you used an electronic 
cigarette?’. Possible responses were: ‘Before entering 
elementary school’, or in the range ‘grade 1’ to ‘grade 
12’. The data also provided current school grade (at 
June 2018) of each adolescent, enabling the time of 
initiation of each product to be classified into ‘current 
grade’ and ‘previous grade or earlier’. The baseline 
state for cigarettes and/or ENDS was coded ‘ever’ for 
initiation at the previous grade or earlier and ‘never’ 
for initiation at the current grade. In South Korea, the 
school year begins on the first day of March and ends 
on the last day of February in the subsequent year.

The self-reported use states at baseline and during 
the follow-up were as follows: (1) never use, i.e. never 
use of both cigarettes and ENDS; (2) cigarette only 
use, i.e. ever cigarette use and never use of ENDS; (3) 
ENDS only use, i.e. ever ENDS use and never use of 
cigarettes; and (4) cigarette and ENDS use, i.e. ever 
use of both cigarettes and ENDS.

Figure 1 shows an example of tobacco or nicotine 
use classification. For an adolescent who reported 
cigarette initiation at the ‘previous or earlier grade’, 
and first experimented with ENDS during the ‘current 
grade’, the use state at the baseline was (2) cigarette 
only use, and the state at the end of the follow-up was 
(4) cigarette and ENDS use.

Current users of cigarettes and ENDS were 
identified as adolescents responding: ‘1–2’, ‘3–5’, ‘6–
9’, ‘10–19’, ‘20–29’ days or ‘everyday’ to ‘During the 
past 30 days, how many days did you smoke cigarettes, 
even one cigarette?’ and ‘During the past 30 days, how 
many days did you use e-cigarettes?’, respectively.

The covariates used were sex (male/female), 
grade at the baseline (6–11), ever alcohol use at 
the baseline year, and paternal education level. The 
questions: ‘Have you ever had at least one drink of 
alcohol’ and ‘When was the first time you had at least 
one drink of alcohol?’ (responses: ‘before entering 
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elementary school’ or ‘grade 1’ to ‘grade 12’) were 
used to assess ever use of alcohol at baseline. Paternal 
education level was assumed to be invariant during 
the observation period, and was evaluated by the 
question: ‘What is your father’s educational level?’ 
(responses: ‘middle school or lower’, ‘graduated high 
school’, graduated university or higher’, and ‘don't 
know’). Responses of ‘middle school or lower’ and 
‘graduated high school’ were coded as high school or 
lower; ‘graduated university or higher’ was recoded as 
college or higher. Those who answered ‘don't know’ 
for paternal education level and adolescents whose 
father was absent were recoded as unknown/not 
applicable (father absent). 

Statistical analyses
Participants’ characteristics were assessed by use 
states at baseline. A multistate Markov model was 
constructed to estimate transitions between two of 
the four use states; it assumes that the future state 
of the process is dependent on its present state and 
independent of its past state26. Participants could 
remain at the current state or add use of one or more 
product. Only one-way transitions were allowed, as 
use states were measured in terms of initiation of use.

The transitions are governed by a transition 
intensity (TI) matrix26, which is the instantaneous 
risk of moving from state i to j, as shown in Figure 2. 
The TI coefficients were calculated by the maximum 

Figure 1. Example classification of tobacco/nicotine use 

Figure 2. Possible transitions of tobacco/nicotine use states
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likelihood method, and the corresponding transition 
intensity ratios (TIRs) and transition probabilities 
(TPs) were computed. The TIR is the ratio of the TIs 
of two sets of transition states and can be interpreted 
as the relative risk. The TP

ij
, from state i to j, reflects 

the conditional probability of remaining in or moving 
to a state within a given time t.

To address the first aim (ENDS as a gateway to 
cigarettes) the risk of never users initiating cigarette 
use (1→2) was compared with the risk of ENDS 
ever users initiating cigarette use (3→4). Next, the 
proportion of current cigarette smokers was calculated 
and compared for never users who initiated cigarette 
smoking, and ENDS ever users who initiated cigarette 
smoking. Regarding the second aim (cigarette use to 
ENDS use then non-regular cigarette use), the risk of 
never users initiating ENDS (1→3) versus cigarette 
ever users initiating ENDS use (2→4) was analyzed. 
The proportions of current users of cigarettes and/
or ENDS were then calculated among those who 
initiated first ENDS then cigarettes. In the Markov 
model, covariates were added one by one to the null 
model to assess its fit (Supplementary file, Table S1) 
and their impacts are shown in Supplementary file, 
Table S2. The Markov model was fitted using the msm 
package27 in R.

RESULTS
Participants
Table 1 lists the characteristics of participants. At 
baseline, most participants were never users (86.1%), 
followed by users of cigarettes only (7.5%), users of 
cigarettes and ENDS (5.4%), and ENDS only ever 
users (1.0%). Among the participants, 48% were 
females. With the exception of never use (51.9%), 
males comprised the majority of adolescents in all use 
states. The grade distribution among never users was 
fairly uniform. For the rest of the use states, a large 
proportion of adolescents was in higher grades. The 
distribution of paternal education level was 53.7% 
college or higher, 25.1% high school or lower, and 
21.2% unknown or not applicable. Among never 
users, 28.9% had ever used alcohol. The majority of 
participants in the cigarette only (74.9%), ENDS only 
(67.4%), and cigarette and ENDS (89.0%) states were 
ever alcohol users.

Markov model
The model that incorporated all of the covariates 
showed the best fit (Supplementary file, Table S1). 
Table 2 lists the frequencies of remaining in and 
moving to another state. The TPs (Table 2) and 
TIRs (Figure 3) are provided from the full model, 

Table 1. Participant characteristics by tobacco or nicotine product use state at baseline, February 2018

Characteristics Total          Use state at baseline (state number)

Never use 
(1)

Cigarette only 
(2)

ENDS only 
(3)

Cigarette and 
ENDS (4)

n (%) n (%) n (%) n (%) n (%)
Total 59796 (100.0) 51905 (86.1) 4399 (7.5) 552 (1.0) 2940 (5.4)
Female sex 29490 (48.0) 27475 (51.9) 1355 (28.9) 119 (19.1) 541 (17.2)
Grade
6 9805 (14.5) 9545 (16.4) 202 (3.9) 30 (4.1) 28 (0.8)
7 10039 (15.7) 9397 (17.0) 428 (9.3) 56 (9.0) 158 (4.8)
8 10224 (16.2) 9038 (16.7) 755 (15.5) 85 (14.3) 346 (10.7)
9 9219 (15.9) 7773 (15.6) 795 (17.6) 104 (18.9) 547 (17.9)
10 9997 (17.8) 8041 (16.6) 988 (22.6) 143 (26.5) 825 (27.6)
11 10512 (19.9) 8111 (17.8) 1231 (31.0) 134 (27.2) 1036 (38.2)
Paternal education level
College or higher 31112 (53.7) 27614 (55.0) 1961 (46.1) 260 (48.7) 1277 (44.4)
High school or lower 15200 (25.1) 12635 (23.9) 1396 (31.3) 159 (28.8) 1010 (34.4)
Unknown/NA 13484 (21.2) 11656 (21.1) 1042 (22.6) 133 (22.5) 653 (21.2)
Ever alcohol use 20906 (36.0) 14630 (28.9) 3294 (74.9) 366 (67.4) 2616 (89.0)

ENDS: electronic nicotine delivery systems. NA: not applicable.
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in which the estimates were calculated at the mean 
of all covariates. Most of the never users remained 
never users after four months (TP

11
=98.17%, 95% CI: 

98.04–98.29%), while few never users initiated use of 
cigarettes (TP

12
=1.39%, 95% CI: 1.29–1.49%), ENDS 

(TP
13

=0.21%, 95% CI: 0.17–0.26%), or cigarettes and 
ENDS simultaneously (TP

14
=0.23%, 95% CI: 0.18–

0.29%). The majority of adolescents who used a single 
product remained in that state after 4 months, users 
of cigarettes only (TP

22
=90.49%, 95% CI: 89.04–

91.75%) and users of ENDS only (TP
33

=90.48%, 95% 
CI: 86.15–93.43%).

Figure 3(a) provides the TIRs for ENDS ever 
users initiating cigarette use. Compared with never 
use, ever use of ENDS only (TP

34
=9.52%, 95% CI: 

6.57–15.83%) was associated with a 7-fold increased 
risk of initiating cigarette use (TIR=6.8, 95% CI: 4.5–
10.2). Figure 3(b) presents the transitions from ever 
cigarette use to ENDS use, compared with never use 
to ENDS use. The proportion of those initiating ENDS 

Table 2. Frequencies of state transitions and transition probabilities (TPs) of tobacco or nicotine product use

Baseline state (state number) End state (state number)

Never use
(1)

Cigarette only 
(2)

ENDS only
(3)

Cigarette and ENDS 
(4)

Frequency of state transitions n (%)     n (%)     n (%)      n (%)
Never (1) 50836 (85.0) 760 (1.3) 144 (0.2) 165 (0.3)
Cigarette only (2) - 3883 (6.5) - 516 (0.9)
ENDS only (3) - - 494 (0.8) 58 (0.1)
Cigarette and ENDS (4) - - - 2940 (4.9)

Transition probabilities (%)* TP (95% CI) TP (95% CI) TP (95% CI) TP (95% CI)
Never (1) 98.17 

(98.04–98.29)
1.39 

(1.29–1.49)
0.21 

(0.17–0.26)
0.23 

(0.18–0.29)
Cigarette only (2) - 90.49 

(89.04–91.75)
- 9.51 

(8.25–10.96)
ENDS only (3) - - 90.48 

(86.15–93.43)
9.52 

(6.57–13.85)
Cigarette and ENDS (4) - - - 100.0

TP: transitional probabilities. ENDS: electronic nicotine delivery systems. *Obtained from the Markov model adjusted for sex, grade, ever alcohol use, and paternal education level. 

Figure 3. Ratio of the transition intensities between paired tobacco/nicotine use states
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use, among ever users of cigarettes, was similar to that 
of cigarette ever users initiating ENDS (TP

24
=9.51%, 

95% CI: 8.25–10.96%). The risk of transitioning from 
cigarette ever use to ENDS ever use was 44-fold that 
of transitioning from never use to ENDS ever use 
(TIR=44.1, 95% CI: 34.1–56.9).

Current use of cigarettes/ENDS
Table 3 lists the prevalence of current cigarette and/
or ENDS use by ever use state transition. Among 
those who were never users at baseline and who had 
experimented with cigarette use at follow-up, 35.8% 
(95% CI: 32.1–39.5%) were current cigarette smokers. 
By contrast, the prevalence of cigarette smoking was 
higher (43.1%, 95% CI: 30.0–56.2%) among those 
who started ENDS first and subsequently used 
cigarettes. More than one-quarter of adolescents who 
started using cigarettes and subsequently progressed 
to ENDS remained current cigarette smokers (27.8%, 
95% CI: 23.6–32.0%). Some of these adolescents 
were current ENDS users (7.2%, 95% CI: 4.9–9.6%). 
Almost half of these adolescents were current users 
of both cigarettes and ENDS (46.4%, 95% CI: 42.1–
51.1%). In total, 74.4% of adolescents who moved 
from the (2) cigarette only state to the (4) cigarette 
and ENDS state were current users of cigarettes or 
both cigarettes and ENDS. 

DISCUSSION
Using multistate Markov modelling of a nationally 

representative sample of Korean adolescents, we 
evaluated the longitudinal transitions of tobacco or 
nicotine use and obtained three important findings. 
First, ever use of ENDS led to subsequent use of 
cigarettes. Second, initiating ENDS use after cigarette 
ever use was common. In addition, a large proportion 
of adolescents who initiate ENDS then cigarettes and 
vice versa remained as current cigarette smokers. 

 Transitioning from use of ENDS to cigarettes 
is reportedly frequent28,29. ENDS are sometimes 
considered to reduce the harm of tobacco use30; but 
this is disputed by our findings on the actual behavior 
of adolescents. We found that the risk of initiating 
cigarette use increases markedly after experimentation 
with ENDS, and a previous study reported that 
the majority of adolescent ENDS users were also 
cigarette users31. The results of our study showed 
the prevalence of current cigarette smoking was 1.2-
fold higher for those who started cigarette smoking 
subsequent to ENDS use, compared to those who had 
not experimented with ENDS. Additionally, the risk 
of ENDS initiation was higher after ever cigarette use. 
High risk of cigarette ever users initiating ENDS use is 
in agreement with a previous report that NCTNP use 
is associated with previous use of tobacco products32. 
This finding may reflect the future of tobacco use, 
and can be used to develop regulations for NCTNPs. 
In South Korea, where JUUL was introduced in May 
2019, the prevalence of cigarette use could increase 
rapidly. Despite such finding, NCTNPs are typically 

Table 3. Prevalence of current cigarette and/or ENDS use by different ever use state transitions

Transition of ever use states 
(state number)

Total Current use

Cigarette only    ENDS only Cigarette and ENDS

n n % (95% CI) n % (95% CI) n % (95% CI)
Total 1643 474 92 306

Never (1) →
Cigarette only (2)

760 278 35.8 (32.1–39.5) - - - -

Never (1) →
ENDS only (3)

144 - - 39 25.9 (19.2–32.6) - -

Never (1) →
Cigarette and ENDS (4)

165 28 18.6 (11.0–26.2) 11 5.3 (2.2–8.4) 61 37.2 (29.5–45.0)

Cigarette only (2) → Cigarette 
and ENDS (4)

516 144 27.8 (23.6–32.0) 37 7.2 (4.9–9.6) 236 46.6 (42.1–51.1)

ENDS only (3) →
Cigarette and ENDS (4)

58 24 43.1 (30.0–56.2) 5 10.1 (2.1–18.1) 9 15.7 (6.6–24.8)

ENDS: electronic nicotine delivery systems.
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subject to less strict control measures than cigarettes16. 
To reduce initiation of tobacco or nicotine use, control 
measures for NCTNPs must be at the same level as 
those for cigarettes and include integrated measures 
of price increases, mass-media advertising, smoke-free 
policies, school programs, reducing access to tobacco 
products, and marginalizing the tobacco industry21.

A continuum of regular cigarette smoking was 
found for adolescents who progressed from cigarette 
ever use to ENDS ever use. The positioning of ENDS 
as a gateway out of cigarettes is erroneous, because 
28% of adolescents remained users of conventional 
cigarettes. Worse, nearly half of adolescents who 
progressed from cigarette ever use to ENDS ever 
use are current users of both cigarettes and ENDS. 
Our results suggest that using ENDS does not assist 
in quitting cigarette smoking, and it may expose 
adolescents to greater adverse health effects as they 
engage in the use of multiple products. Rather than 
tobacco/nicotine products with claims of reduced 
harm, a robust and comprehensive tobacco control 
program is required to help adolescents quit cigarette 
smoking.

Strengths and limitations 
Several limitations of the study must be noted. 
Because of the cross-sectional cohort design of the 
study, it is possible that participants who dropped 
out of school and therefore left the study cohort, 
have different use characteristics. However, these 
adolescents accounted for <2% of the total cohort33. 
Second, use of self-reported measures may have led 
to underestimation of the prevalence of use of tobacco 
or nicotine products. Third, we assessed only the use 
of ENDS to examine its association with cigarettes. 
However, other NCTNPs, such as HTPs, may also 
be strongly associated with cigarette smoking. This 
study suggests an important methodological aspect 
of monitoring of newly introduced NCTNPs. The 
design adopted in this study, i.e. construction of a 
retrospective cohort based on the recall data of a 
cross-sectional sample, has several limitations, such 
as recall bias, compared to a conventional longitudinal 
design. However, by employing the proposed design, 
we can provide rough estimates of behavioral 
transitions related to tobacco or nicotine products. To 
use such a design, cross-sectional surveys of tobacco 
or nicotine use must include questions on the timing 

of initiation of each product. The KYRBS, the source 
of the data used in this study, asks participants about 
the timing of experimentation with cigarettes and 
ENDS but not HTPs. Thus, participants must be also 
asked about the timing of their first experience with 
HTPs. Further, questions on the timing of onset of 
daily use would provide information on the time of 
initiation of regular use of tobacco/nicotine products. 

 
CONCLUSIONS
We constructed a retrospective cohort with cross-
sectional data on the transition between cigarette 
and ENDS. Our findings demonstrate that ever use 
of ENDS increases the likelihood of initiation of 
cigarette smoking. Moreover, a significant proportion 
of adolescents who progressed from cigarette ever 
use to ENDS ever use remained current cigarettes 
smokers or cigarette and ENDS dual users. Although 
NCTNPs are regulated less stringently than cigarettes, 
our findings support the need for strong measures to 
curb initiation of their use and more research on how 
they are used in the real world18. This will require 
monitoring the use of all types of tobacco or nicotine 
products34. Combined with measures to assess the 
timing of initiation of use of tobacco products, a 
retrospective longitudinal study can be constructed 
from cross-sectional data.

REFERENCES
1. World Health Organization. WHO report on the global 

tobacco epidemic, 2017: monitoring tobacco use and 
prevention policies. World Health Organization; 2017.

2. Bialous SA, Glantz SA. Heated tobacco products: 
another tobacco industry global strategy to slow 
progress in tobacco control. Tob Control. 2018;27(Suppl 
1):s111-s117. doi:10.1136/tobaccocontrol-2018-054340

3. Hendlin YH, Elias J, Ling PM. The pharmaceuticalization 
o f  the  tobacco  indus t ry .  Ann  In te rn  Med . 
2017;167(4):278-280. doi:10.7326/m17-0759

4. Conference of the Parties to the WHO Framework 
Convention on Tobacco Control. Electronic nicotine 
delivery systems: Report by WHO. https://apps.who.
int/iris/bitstream/handle/10665/147110/FCTC_
COP6_10Rev1-en.pdf?sequence=1&isAllowed=y. 
Published 2014. Accessed April 21, 2020.

5. Conference of the Parties to the WHO Framework 
Convention on Tobacco Control. Electronic nicotine 
delivery systems and electronic non-nicotine delivery 
systems (ENDS/ENNDS): Report by WHO. https://
www.who.int/fctc/cop/cop7/FCTC_COP_7_11_EN.pdf. 
Published 2016. Accessed April 21, 2020.



Research Paper
Tobacco Induced Diseases 

Tob. Induc. Dis. 2020;18(November):92
https://doi.org/10.18332/tid/128488

9

6. Bullen C, McRobbie H, Thornley S, Glover M, Lin R, 
Laugesen M. Effect of an electronic nicotine delivery 
device (e cigarette) on desire to smoke and withdrawal, 
user preferences and nicotine delivery: randomised cross-
over trial. Tob Control. 2010;19(2):98-103. doi:10.1136/
tc.2009.031567

7. Pokhrel P, Herzog TA, Muranaka N, Fagan P. Young 
adult e-cigarette users’ reasons for liking and not 
liking e-cigarettes: a qualitative study. Psychol Health. 
2015;30(12):1450-1469. doi:10.1080/08870446.2015.
1061129

8. Tabuchi T, Gallus S, Shinozaki T, Nakaya T, Kunugita N, 
Colwell B. Heat-not-burn tobacco product use in Japan: 
its prevalence, predictors and perceived symptoms from 
exposure to secondhand heat-not-burn tobacco aerosol. 
Tob Control. 2018;27(e1):e25-e33. doi:10.1136/
tobaccocontrol-2017-053947

9. Gara T. Introducing the new USB-powered pack of 
marlboros. The Wall Street Journal. June 27, 2014.

10. Herzog NB. Tobacco All Channel Scanner Data Thru 
1/26/19. Wells Fargo Securities LLC, ed. 2019.

11. Voos N, Goniewicz ML, Eissenberg T. What is the nicotine 
delivery profile of electronic cigarettes? Expert Opin Drug 
Deliv. 2019;16(11):1193-1203. doi:10.1080/17425247.
2019.1665647

12. Gornall J. Why e-cigarettes are dividing the public health 
community. BMJ. 2015;350:h3317. doi:10.1136/bmj.
h3317

13. Orr MS. Electronic cigarettes in the USA: a summary of 
available toxicology data and suggestions for the future. 
Tob Control. 2014;23(suppl 2):ii18-ii22. doi:10.1136/
tobaccocontrol-2013-051474

14. Simonavicius E, McNeill A, Shahab L, Brose LS. Heat-
not-burn tobacco products: a systematic literature 
review. Tob Control. 2019;28(5):582-594. doi:10.1136/
tobaccocontrol-2018-054419

15. Peace MR, Baird TR, Smith N, Wolf CE, Poklis JL, Poklis 
A. Concentration of nicotine and glycols in 27 electronic 
cigarette formulations. J Anal Toxicol. 2016;40(6):403-
407. doi:10.1093/jat/bkw037

16. O'Connor RJ. Non-cigarette tobacco products: 
what have we learnt and where are we headed? 
Tob Control. 2012;21(2):181-190. doi:10.1136/
tobaccocontrol-2011-050281

17. Phillips CV. Gateway Effects: Why the Cited Evidence 
Does Not Support Their Existence for Low-Risk Tobacco 
Products (and What Evidence Would). Int J Environ 
Res Public Health. 2015;12(5):5439. doi:10.3390/
ijerph120505439

18. McKelvey K, Popova L, Kim M, et al.  Heated tobacco 
products likely appeal to adolescents and young adults. 
Tob Control. 2018;27(Suppl 1):s41-s47. doi:10.1136/
tobaccocontrol-2018-054596

19. National Center for Chronic Disease Prevention and 
Health Promotion - US Office on Smoking and Health. 

E-Cigarette Use Among Youth and Young Adults: A 
Report of the Surgeon General. Atlanta, GA: US Centers 
for Disease Control and Prevention; 2016.

20. Kang H, Cho S. Cohort effects of tobacco control policy: 
evidence to support a tobacco-free norm through 
smoke-free policy. Tob Control. 2020;29(1):96-102. 
doi:10.1136/tobaccocontrol-2018-054536

21. Pierce JP, White VM, Emery SL. What public health 
strategies are needed to reduce smoking initiation? 
Tob Control. 2012;21(2):258-264. doi:10.1136/
tobaccocontrol-2011-050359

22. National Center for Chronic Disease Prevention and 
Health Promotion - US Office on Smoking and Health. 
Preventing Tobacco Use Among Youth and Young Adults: 
A Report of the Surgeon General. Atlanta, GA: US Centers 
for Disease Control and Prevention; 2012.

23. Hudson JI, Pope Jr HG, Glynn RJ. The Cross-
Sectional Cohort Study: An Underutilized Design. 
Epidemiology. 2005;16(3):355-359. doi:10.1097/01.
ede.0000158224.50593.e3

24. Kim Y, Choi S, Chun C, Park S, Khang YH, Oh K. 
Data resource profile: The Korea youth risk behavior 
web-based survey (KYRBS). Int J Epidemiol. 
2016;45(4):1076-1076e. doi:10.1093/ije/dyw070

25. Mayet A, Legleye S, Chau N, Falissard B. Transitions 
between tobacco and cannabis use among adolescents: 
a multi-state modeling of progression from onset to 
daily use. Addict Behav. 2011;36(11):1101-1105. 
doi:10.1016/j.addbeh.2011.06.009

26. Kalbfleisch J, Lawless JF. The analysis of panel 
data under a Markov assumption. J Am Stat Assoc. 
1985;80(392):863-871. doi:10.1080/01621459.1985.1
0478195

27. Jackson KM, Sher KJ, Cooper ML, Wood PK. Adolescent 
alcohol and tobacco use: onset, persistence and trajectories 
of use across two samples. Addiction. 2002;97(5):517-
531. doi:10.1046/j.1360-0443.2002.00082.x

28. Chatterjee K, Alzghoul B, Innabi A, Meena N. Is vaping a 
gateway to smoking: a review of the longitudinal studies. 
Int J Adolesc Med Health. 2016;30(3). doi:0.1515/
ijamh-2016-0033

29. Soneji S, Barrington-Trimis JL, Wills TA, et al. 
Association between initial use of e-cigarettes and 
subsequent cigarette smoking among adolescents and 
young adults: a systematic review and meta-analysis. 
JAMA Pediatr. 2017;171(8):788-797. doi:10.1001/
jamapediatrics.2017.1488

30. Cahn Z, Siegel M. Electronic cigarettes as a harm 
reduction strategy for tobacco control: a step forward 
or a repeat of past mistakes? J Public Health Policy. 
2011;32(1):16-31. doi:10.1057/jphp.2010.41

31. Kang H, Cho S. Heated tobacco product use among 
Korean adolescents. Tob Control. 2020;29(4):466-468. 
doi:10.1136/tobaccocontrol-2019-054949

32. Richardson A, Williams V, Rath J, Villanti AC, Vallone D. 



Research Paper
Tobacco Induced Diseases 

Tob. Induc. Dis. 2020;18(November):92
https://doi.org/10.18332/tid/128488

10

The next generation of users: prevalence and longitudinal 
patterns of tobacco use among US young adults. Am J 
Public Health. 2014;104(8):1429-1436. doi:10.2105/
AJPH.2013.301802

33. Korean Educational Statistics Service. Primary, Secondary 
Educational Statistics. Korean Educational Statistics 
Service, ed. Jincheon: 2018.

34. Kim J, Lee S. Using focus group interviews to analyze 
the behavior of users of new types of tobacco products. J 
Prev Med Public Health. 2017;50(5):336. doi:10.3961/
jpmph.17.052

ACKNOWLEDGEMENTS
This work is a part of a doctoral dissertation submitted by Heewon Kang 
to Seoul National University, South Korea. 

CONFLICTS OF INTEREST 
The authors have completed and submitted the ICMJE Form for 
Disclosure of Potential Conflicts of Interest and none was reported.

FUNDING
There was no source of funding for this research.       
 
AUTHORS’ CONTRIBUTIONS
HK conducted data analyses and wrote the manuscript. SC advised on 
data analyses. Both authors designed the study, interpreted the findings, 
reviewed and approved the final version of the manuscript.        

PROVENANCE AND PEER REVIEW
Not commissioned; externally peer reviewed.


