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E-cigarettes and smoking cessation
among adolescent smokers
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Shih-Chang Huang® & Hung-Yi Chiou®7*

Smokers of any age can reap substantial health benefits from quitting or reducing their smoking.
E-cigarettes have been promoted as a potentially promising product for tobacco harm reduction
because e-cigarettes deliver nicotine vapor without many of the hazardous chemical combustion
byproducts produced by combustible cigarette smoking. However, there remains an ongoing

debate on whether the use of e-cigarettes is effective in combustible cigarette smoking cessation

or reduction in both adolescents and adults. Our study uses data from the 2015 (baseline) and from
the 2017 (follow-up) waves of the Taiwan Adolescent to Adult Longitudinal Study (TAALS), which is

a large nationwide representative cohort study of health behaviors among adolescents in Taiwan.

We analyzed the data using logistic regression and multivariate regression with a post-stratification
weighting procedure. Among the 474 adolescent combustible cigarette users at baseline, the use of
e-cigarettes had no association with smoking cessation (aRR=0.99, 95% Cl =0.66, 1.50). Furthermore,
the use of e-cigarettes was also not associated with change in combustible cigarette consumption
among all adolescent combustible cigarette users at follow-up (Coef.=0.62, 95% Cl = - 36.85, 38.09).
In summary, our findings suggest that e-cigarettes may not aid tobacco control among adolescent
smokers. Policy makers should be cautious of the potential harms that e-cigarette may bring to young
people when they are developing e-cigarette regulations.

E-cigarettes have been the most commonly used tobacco product among adolescents in the United States since
2014'2. After increasing between 2017 and 2019, use of e-cigarettes went down among middle and high school
students in the United States from 2019 to 2020°~°. However, in 2020, 19.6% of high school students in the
United States , still reported that they used e-cigarettes in the past 30 days®. Epidemiological studies in Asia
have suggested a relatively low prevalence of e-cigarette use: < 1% in Indonesia and Malaysia in 20117, and 2.3%
in Hong Kong in 20148, In Taiwan, the prevalence of e-cigarette use among adolescents (ages 12-17) is around
0.8% according to the 2014 National Survey of Substance Use in Taiwan®. A different study, the Taiwan Global
Youth Tobacco Survey (TGYTS) estimated a higher prevalence. TGYTS found that prevalence of current use of
e-cigarettes among adolescents (ages 12-18) in Taiwan was on average 3.1% between 2014 and 2016, with 52%
being dual users of combustible cigarettes and e-cigarettes'’. Electronic cigarettes (e-cigarettes) have gained the
attention of smokers due to their ability to closely simulate the behavioral experience of smoking, as well as for
their ability to deliver a dose of nicotine without involving the combustion of tobacco.

Why e-cigarettes cause health concerns.  For adolescents, e-cigarettes may be an attractive alternative
to combustible cigarettes because e-cigarettes are perceived as less harmful and are available in many different
flavors'!. Most e-cigarettes work in a similar way. Puffing activates a battery-powered heating device. This heats
up the liquid in a cartridge, turning it into vapors that are inhaled'>"*. Vaping exposes the lungs to a variety of
chemicals. These may include the main active chemicals in tobacco (nicotine) or marijuana (THC), added fla-
vors, and other ingredients that are added to vaping liquids. Also, other chemicals can be produced during the
vaporization process'*'>. One harmful chemical that has been found in e-cigarettes is called vitamin E acetate,
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which is sometimes used as an additive in THC-containing vape products. The Center of Disease Control (CDC)
has identified it as a “chemical of concern” among people with vaping-associated lung injuries'®. A 2014 Ameri-
can Association policy statement reviewed e-cigarette safety and concluded that a variety of evidence suggests
that e-cigarettes are likely significantly less toxic than traditional cigarettes, with the caveats that more evidence
is needed and that certain components of e-cigarettes, particularly some flavorings and propylene glycol, may
be toxic when inhaled"”.

Issues related to e-cigarettes use and combustible tobacco control. In our previous study, we
found that e-cigarette use was associated with an increased odds of smoking initiation among adolescents in
Taiwan'®. The European Tobacco Products Directive has stated: “Electronic cigarettes can develop into a gateway
to nicotine addiction and ultimately traditional tobacco consumption, as they mimic and normalize the action of
smoking”'?, while the Australian National Health and Medical Research Council concluded that actions should
be taken to minimize the harm of e-cigarettes to users and to protect vulnerable groups such as youth'.

On the other hand, e-cigarettes may have potential roles to play in both combustible cigarette smoking ces-
sation and tobacco harm reduction'*. A major UK clinical trial published in 2019 found that, when combined
with face-to-face counseling support, people who used e-cigarettes to quit combustible cigarette smoking were
twice as likely to succeed as people who used other nicotine replacement products, such as gum or patches®.
In a nationally representative US Population Assessment of Tobacco and Health (PATH) Study, that 3093 quit
attempters, found using Electronic Nicotine Delivery System (ENDS) to quit cigarettes increased the probability
of persistent cigarette abstinence (2 30 days)?'.

Although some studies suggest that the use of e-cigarette as a smoking cessation aid appear to be useful®?,
e-cigarettes may raise a public health concern if their use leads to increases in youth combustible smoking ini-
tiation or consumption in excess of what would have happened in the absence of e-cigarettes?**. In a literature
review on the e-cigarette phenomenon, researchers found there was a need for further research to answer key
questions about the safety, patterns of use, effectiveness for combustible tobacco smoking cessation and regula-
tory issues associated with the use of e-cigarettes, especially as it relates to adolescents'. The aim of our study is
to investigate the association between e-cigarette use and combustible tobacco smoking cessation or reduction.
We have proposed two hypotheses for our study. Hypothesis #1: Use of e-cigarettes at baseline are not effec-
tive in smoking cessation in adolescent population. The pooled results from nine cohort studies suggested that
e-cigarettes were not associated with smoking cessation”. One systematic review reported that the odds of ces-
sation were 28% lower in the e-cigarette group than the non-use group (OR=0.72; 95% CI 0.57-0.91; 20 trials,
n=35,5011). Moreover, the intension of using e-cigarette to quit smoking is another key determinant. Studies
have shown that e-cigarettes are useful tools for adults who are motivated to quit?. By contrast, according to the
Taiwan Global Youth Tobacco Survey (GYTS) findings, adolescents are using e-cigarettes because they think
e-cigarettes are less harmful than combustible cigarettes, having more unique flavors, and it looks fashionable to
smoke e-cigarettes”’. Therefore, we postulate that due to demographic differences, use of e-cigarettes may repre-
sent as either a quitting aid or possible gateway drug. Hypothesis#2: The use of e-cigarettes may not decrease the
consumption of combustible cigarettes in adolescent population. There is quite some extensive evidence show-
ing a positive association between e-cigarette use is associated with subsequent cigarette use among adolescent
and young adult non-smokers?*?. However, one issue remains uncertain is whether e-cigarettes will increase
combustible cigarette consumption among adolescent population. Although many smokers use e-cigarettes to
quit smoking, most continue to smoke while vaping. This dual use might delay smoking cessation and increase
toxicant exposure. Therefore, our study aims to investigate whether the use of e-cigarettes increases consumption
of combustible cigarettes, particularly in this unique adolescent population.

Materials and methods

Datasource. Our study uses data from the Taiwan Adolescent to Adult Longitudinal Study (TAALS), a large
nationally representative long-term longitudinal cohort study of health behaviors among adolescents in Taiwan
that was conducted between 2015 and 2017%. At baseline, the TAALS survey interviewed students in the first
year of middle school and students in the first year of high school. Since our participants are minors (age less
than 16 years), informed consent form was collected from both a parent/or legal guardian and the participant
for study participation. During the first wave of the formal cohort study, 6903 middle school students and 11,742
high school students were interviewed, for a total of 18,645 students. During the second wave, the same cohort
of students was re-interviewed in their third year of middle school and third year of high school. A total of
16,265 students were interviewed (6381 middle school students and 9884 high school students), representing a
follow-up completion rate of 87.21%. After excluding participants with incomplete records, a final analysis was
conducted on 14,109 students. Among those 14,109 students, 474 students were current smokers at the baseline,
of whom 331 students used only combustible cigarettes, while the remaining 143 students used both combustible
cigarettes and e-cigarettes. Among the 474 students who were current smokers, 362 students were still current
smokers and the remaining 112 students had quit smoking at follow-up (Fig. 1). A more complete description of
the TAALS Cohort and methodology is described in one of our previous publications?. This study was approved
by the Joint Institutional Review Board of Taipei Medical University, Taiwan (TMU-JIRB-201410043).

Measures. Definitions of Smoking cessation and changes in total monthly combustible tobacco consump-
tion. Two main variables were being examined: smoking cessation and total monthly combustible tobacco
consumption. The following methods were used to measure smoking cessation. First, participants were being
asked “Have you ever smoked a cigarette?” and if they answered yes, they were being asked “In the last 30 days
how many days have you smoked cigarettes?”. Participants who had smoked any number of cigarettes in the last
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Figure 1. Participants stratified by smoking status - Unweighted data (N'=14,109). Note: ¢ is the sample

size which is used to analyze the association between use of e-cigarettes at baseline and smoking cessation

in adolescent smokers. ¥ is the sample size which is used to analyze the change in total monthly combustible
cigarette consumption from baseline to follow-up. The parts highlighted in light orange are our chosen sample
for analysis.

30 days were defined as current smokers. At follow-up, participants were identified as either current smoker or
quit smoking. Smoking cessation was defined as participants who indicated that they were current smokers at
baseline, but then indicated that they hadn’t smoked any cigarettes in the last 30 days at follow-up.

The following self-reported questions were used to measure total monthly combustible tobacco consump-
tion: (1) “In the last 30 days, how many days did you smoke cigarettes?”, and (2) “In the last 30 days, on the days
you smoked cigarettes, on average how many cigarettes did you smoke each day?”. From these questions, we
measured the number of smoking days per month and average number of cigarettes smoked per smoking day.
We multiplied the average number of cigarettes smoked per smoking day by the number of smoking days per
month to calculate the total monthly combustible tobacco consumption. Next we subtracted the total number
of cigarettes smoked each month at follow-up from the number of cigarettes smoked each month at baseline to
calculate the change in total monthly combustible cigarette consumption.

Independent variables at baseline: current e-cigarette use and current use of other tobacco products. In this study,
we asked participants at baseline if they are current users of e-cigarettes or other tobacco products. We meas-
ured current e-cigarette use by asking: “In the last 30 days how many days have you used e-cigarettes?” and
participants responding between 1 and 30 days, were classified as current e-cigarette users. We measured current
other tobacco products use by asking “In the past 30 days have you used other tobacco products (such as: cigars,
cigarillos, pipes or water pipes)?”.

Demographic characteristics variables. This study also recorded the following demographic characteristic vari-
ables for all participants: sex, depression, peer support, age, father’s highest education level (junior high or below,
high school, university or higher), mother’s ethnicity (Han Chinese, Aboriginal Taiwanese, or New Immigrant),
father’s occupation status (full-time, part-time, unemployed), and family living arrangement status (living with
both mother and father, living with both parents and grandparents, living with a single parent, living with only
grandparents, and living with someone other than direct kin).

Measurements of depressive symptoms and Peer Support Score.  Center for Epidemiological Studies Depression
Scale (CES-D) is a brief self-report questionnaire used to measure the severity of depressive symptoms®. The
original CES-D consists of 20 questions that ask about various symptoms of depression (i.e. poor appetite, rest-
less sleep, and feeling lonely) as they have occurred in the past week. Response options range from 0 to 3 for
each item (0 =Rarely or None of the Time, 1 =Some or Little of the Time, 2 =Moderately or Much of the time,
3=Most or Almost All the Time). Scores range from 0 to 60, with high scores indicating greater depressive
symptoms>’.

The level of peer support was quantified using a 5-item questionnaire developed by the U.S. Centers for Dis-
ease Control and Prevention (CDC)*%. Questions were being asked to evaluate the level of peer support received
by the participants during the past 6 months. Questions include: “My classmates/friends truly care about things
that happened to me”, “when I am in need for help, my classmates/friends will help me”, “I have classmates/

» »

friends that I can trust’, “My classmates/friends care about my feelings”, “My classmates/friends only care about
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themselves”, and “My classmates/friends think that I'm not good enough”. Responses were rated on a 4-point
scale ranging from 0 (none of them) to 3 (All of them) and the scores were summed up to yield a total score. The
total score ranges from 0 to 15, where a higher score indicates stronger peer support.

Statistical analysis. The logistic regression was used to evaluate the association between the use of e-cig-
arettes and future smoking cessation among adolescents. To ensure our analytic results remain nationally rep-
resentative of adolescents in Taiwan, we conduct weighted adjustment. We divided our sample into 24 sub-
groups (including 4 geographic areas (North, Center, South, East of Taiwan) x 3 school size (small, medium,
large) x gender (male and female)). For each group, we calculated a specific weight as shown in the following
equation:

where g, s, x denotes the geographic area, school of size, and gender. Mg sx denotes the number of individuals in
the sample of gender x attending the school of size s in the gth geographic area. N refers to the number of entire
population. Ng s, refers to the number of individuals in the population of gender x attending the school of size s
in the gth geographic area. For a detailed description on how weighted adjustment was performed, please refer
to Chein et al.?®. We used risk ratio (RR) and risk difference (RD) instead of odds ratio (OR) because the use
of RR and RD can better reflect the relative and absolute probability change in smoking cessation in the pres-
ence of e-cigarettes. Here the adjusted risk ratio (aRR) and adjust risk difference (aRD) were performed using
the “adjrr” command in STATA statistical software (version 16 MP, StataCorp LLC)*. P-value of <0.05 was
considered significant.

Informed consent. Informed consent was obtained from all subjects involved in the study.

Institutional review board statement. The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Taipei Medical University Joint Institutional Review Board (TMU
JIRB), No. 201410043.

Results

Characteristics of study participants. InTable 1, the majority of participants among current e-cigarettes
users at baseline had never used other tobacco products (63.6%), were senior high school students (81.8%), were
male (76.9%), had their father’s highest education level above senior high school, had their mother’s ethnicity
being Han Chinese (81.8%), had their parents working full-time (87.4%), and lived with parents or extended
family (64.3%). The majority of participants among non-current e-cigarette users at baseline had never used
other tobacco products (90.9%), were male (77.0%), were senior high school students (85.2%), had their father’s
highest education level above senior high school (50.5%), had their mother’s ethnicity being Han Chinese
(81.6%), had their parents working full-time (91.5%), and lived with parents or extended family (63.4%). In
addition, participants from the current e-cigarettes users at baseline group had a mean CES-D scale of 8.8 +2.9,a
mean peer support score of 13.2+2.6, and a mean age of 17.8 + 1.3. Participants from the non-current e-cigarette
users at baseline group had a mean CES-D scale of 8.4+ 2.8, a mean peer support score of 13.6+2.4, and a mean
age of 18.0+1.3.

Association between use of e-cigarettes at baseline and smoking cessation in adolescent
smokers. In Table 2, our findings indicated that for all current adolescent smokers, using e-cigarettes was
not associated with smoking cessation as compared to current adolescent smokers who did not use e-cigarettes
(aRR=0.99; CI=0.66, 1.50). Among junior high students who smoke, the use of e-cigarettes at baseline was not
associated with smoking cessation as compared to junior high students who smoke but did not use e-cigarettes
(aRR=0.72; CI=0.41, 1.28). Among high school students who smoke, the use of e-cigarettes at baseline was
also not associated with smoking cessation as compared to high school students who were combustible cigarette
users (aRR =1.06; C1=0.66, 1.72).

In Fig. 2, we used adjusted risk difference (aRD) to examine the effect that use of e-cigarettes has on the like-
lihood of adolescent smokers quitting smoking. The results of our research showed that for current adolescent
smokers, using e-cigarettes was not associated with smoking cessation as compared to current adolescent smokers
who did not use e-cigarettes (24.4% and 24.6%, respectively)(aRD =-0.2%; CI —0.10, 0.10; p=0.97). When we
further stratified by age, among junior high students who smoke, the use of e-cigarettes was not associated with
smoking cessation (aRD =11.4%; CI 0.31-0.08, p=0.25). Similarly, among high school students who smoke, the
use of e-cigarettes was also not associated with smoking cessation (aRD =1.4%; CI 0.10, 0.13; p=0.80).

Association between the change in cigarette consumption and the use of e-cigarettes. In
Table 3, we further performed a regression model to investigate whether or not the use of e-cigarettes can aid in
reducing combustible cigarette consumption. Among all students, e-cigarette use was found to have no associa-
tion with change in combustible cigarette consumption (Coef.=0.62; CI=-36.85, 38.09). Among junior high
school students, e-cigarette use was not associated with change in combustible cigarette consumption (coef.=
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Quit smoking at follow-up

Yes 112 34 23.8 78 23.6 35 24.6 81 24.4 0.982

No 362 109 76.2 253 76.4 107 75.4 249 75.6

Ever used other tobacco products (e.g. cigars, water pipe, pipe, cigarillos ) at baseline

Yes 82 52 36.4 30 9.1 51 36.4 28 8.6 <0.001%**

No 392 91 63.6 301 90.9 90 63.6 301 91.4

Grade level

Junior high 76 27 18.9 49 14.8 26 18.7 45 13.8 0.152

Senior high 398 116 81.1 282 85.2 115 814 284 86.2

Sex

Male 365 110 76.9 255 77.0 108 76.1 251 76.2 0.969

Female 109 33 23.1 76 23.0 34 23.9 78 23.8

Father’s highest education level

ﬁfglﬁvs' gﬁg(‘)‘fr 136 49 343 87 26.3 48 34.1 89 26.9 0.265

Senior or

vocational high | 227 60 42.0 167 50.5 59 42.0 162 49.0

school

Above college | 111 34 23.8 77 23.3 34 24.0 80 24.1

Mother’s ethnicity

Han Chinese | 387 117 81.8 270 81.6 117 82.8 273 82.7 0.550

Indigenous 57 19 13.3 38 11.5 18 12.5 34 10.4

Foreigner 30 7 4.9 23 6.9 7 4.7 23 6.9

Parents’ employment status

Full-time 428 125 87.4 303 91.5 124 87.8 304 92.1 0.196

Part-time 18 5 3.5 13 3.9 5 3.6 13 39

Unemployed | 28 13 9.1 15 45 12 8.6 14 4.1

Family livingarrangement

Parents or

extended 302 92 64.3 210 63.4 93 66.0 214 65.0 0.617

family

Single parent | 108 30 21.0 78 23.6 28 20.1 77 235

Grandparents | 29 8 5.6 21 6.3 7 5.2 19 5.9

Other relatives | 35 13 9.1 22 6.6 12 8.7 19 57

| [MenGD) [Mean D [Men [0 [Men [0 [Men [0 [Pualuc |

Change in

total monthly

combustible

cigarette 74.1(148.9) 72.1 144.0 78.6 160.3 77.1 163.3 70.7 143.7 0.705

consumption

from baseline

to follow-up*

CES-D Scale 8.5(2.8) 8.8 2.9 8.4 2.8 8.8 29 8.5 2.8 0.170

SPCef;:“PPm 13.4(2.5) 13.2 26 136 24 13.1 26 136 25 0.135

Age 17.9(1.3) 17.8 1.3 18.0 1.3 17.8 1.3 18.1 13 0.050
Table 1. Demographic characteristics of current smokers stratified by current E-cigarette use—unweighted
versus weighted observations (n=474). Significant values are in italics. CES-D Scale: Center for Epidemiologic
Studies Depression Scale. ***p value < 0.001; **p value <0.01; *p value <0.05. *Samples used for analysis are
restricted to current smoker at both baseline and follow-up. Current smokers are referred to those who are
combustible cigarette users.
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Probability of smoking cession

All students Junior high Senior high

aRR [95%CI [Pvalue [aRR [95%CI [P value aRR [95%CI [P value
Unadjusted model
Current use of E-cigarettes at baseline [ 1.00 [0.69-147 [0.98  [0.79 [042-148 [046 (105 Jo67-164 [084
Adjusted model®
Current use of E-cigarettes at baseline ‘ 0.99 ‘ 0.66-1.50 ‘0.97 ‘ 0.72 ‘ 0.41-1.28 ‘ 027 ‘ 1.06 ‘ 0.66-1.72 ‘ 0.80

Table 2. Logistic regression model for adjusted risk ratios (aRR) of smoking cessation a stratified by age—
weighted estimates (current smokers at baseline, n=474). aRR, adjusted risk ratios; CES-D Scale, Center for
Epidemiologic Studies Depression Scale. ***p value <0.001; **p value <0.01; *p value < 0.05. *In this model,

1 is defined as successful smoking cessation and 0 is defined as still a current smoker. Therefore, a risk ratio
of>1 shows an increased probability of smoking cessation and a risk ratio of <1 shows a decreased probability
of smoking cessation. The multivariable logit regression model was adjusted for ever use of other tobacco
products, depression (CES-D), peer support, father’s education, mother’s ethnicity, parents’ employment status,
sex, age, and family living arrangement.

All Students Junior High Senior High
6 .6 6
aRD=-0.002 aRD=-0.114 aRD=0.014
(CI=-0.10-0.10, p=0.97) (C1=-0.31-0.08, p=0.25) (C1=-0.10-0.13, p=0.80)
54 9 5
0.413
44 4 4
0.299
3 3 3
0.246 0.244
0.221 0.235
2 2 2+
11 A1 11
0 0] 0

Not e-cigarettes
users at baseline

E-cigarettes
users at baseline

Not e-cigarettes
users at baseline

E-cigarettes
users at baseline

Not e-cigarettes
users at baseline

E-cigarettes
users at baseline

Figure 2. Logistic regression model for adjusted risk differences (aRD) of smoking cessation stratified by
age—weighted estimates (Current smokers at baseline, n=474). Note: Models were adjusted by ever use of other
tobacco products, depression (CES-D), peer support, father’s education, mother’s ethnicity, parents’ employment
status, sex, age, and family living arrangement.

All students Junior high High school

Coef. | 95% CI Coef. | 95%CI Coef. [95%CI
Unadjusted model
Current use of E-cigarettes at baseline ‘ 630 ‘ ~30.95 to 43.55 ‘ 38.36 ‘ ~39.83 to 116.55 ‘ ~051 ‘ ~42.09 to 41.08
Adjusted model
Current use of E-cigarettes at baseline  [062 [ -36851038.09 [6642 | -27610135.60 |-1346 [-5149 1024556

Table 3. Multivariable regression model for change in total monthly combustible cigarette consumption

from baseline to follow-up stratified by age—weighted estimates (current smokers at baseline and follow-up,
n=362). Significant values are in italics. CES-D Scale: Center for Epidemiologic Studies Depression Scale. ***p
value <0.001; **p value <0.01; *p value <0.05. The multivariable regression model was adjusted for ever use

of other tobacco products, depression (CES-D), peer support, father’s education, mother’s ethnicity, parents’
employment status, sex, age, and family living arrangement.
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66.42; CI=-2.76, 135.60). Similarly, among high school students, e-cigarette use was also not associated with
change in cigarette consumption (coef. = 13.46; CI=—51.49, 24.56).

Discussion

Our present study aims to test two hypotheses: (1) whether the use of e-cigarettes at baseline can be helpful
in combustible cigarette smoking cessation, and (2) how the use of e-cigarettes at baseline affects combustible
cigarette consumption at follow-up among adolescent smokers. Our results suggested that the use of e-cigarettes
at baseline was not associated with smoking cessation in adolescent combustible cigarette users. Moreover, the
use of e-cigarettes at baseline was not associated with change in combustible cigarette consumption among
adolescent combustible cigarette users.

Evidence from observational studies has been mixed regarding the association between e-cigarette use and
combustible cigarette smoking cessation. In our current study, we hypothesized that the use of e-cigarettes at
baseline cannot aid in quitting combustible cigarettes smoking. Some studies show that e-cigarettes may be help-
ful in reducing combustible tobacco consumption and increasing the likelihood of combustible cigarette smoking
cessation!®**. However, other observational studies showed the opposite—e-cigarettes were not associated with
increased combustible cigarette smoking cessation in both youth and adult populations®**. The 2012 National
Youth Tobacco Survey in Taiwan didn’t find any statistically significant association between e-cigarette use and
intention to quit combustible cigarette smoking among current youth smokers®’. The subsequent 2014 National
Youth Tobacco Survey also concluded that, among current adolescent smokers, using flavored e-cigarettes was
associated with a reduced likelihood of quitting combustible tobacco use in the next 12 months compared with
non-e-cigarettes users®. Our study revealed similar results in that the use of e-cigarettes in younger adolescents,
(i.e. junior high school students), was not associated with as statistically increased odds of quitting and was not
associated with a statistically significant probability of decreasing combustible cigarettes consumption. Because
the association between e-cigarette use and smoking cessation behavior remains unclear, more empirical research
is warranted to help form evidence-based regulatory policy on e-cigarettes use for adolescents.

Among adolescents, there are still some behavioral differences exist between middle school students and
high school students. Our findings in older adolescents, (i.e. high school students) suggest that e-cigarettes use
may have some effect on combustible cigarette smoking cessation and reducing combustible cigarette consump-
tion. However, this benefit must be balanced with the risk of younger adolescents, who are not current smokers
and who were unlikely to try combustible cigarettes, experimenting with e-cigarettes and developing nicotine
addictions. A recent nationwide study of youth drug use in the US, found that among several different ages of
adolescents, only 5-10% of adolescents who had used e-cigarettes reported they used them for the purpose of
reducing their combustible tobacco consumption. The majority stated that they used e-cigarettes because they
wanted to see what they were like or liked the flavor®®. Furthermore, epidemiological studies and population
surveys also indicate that many e-cigarettes users with the initial intention of quitting ended up becoming dual
users, especially in places where smoking is prohibited**’. A web-based survey consisted of 4444 students from
8 colleges in North Carolina was completed in 2009 showed that e-cigarette use was not associated with inten-
tions to quit smoking among a subsample of conventional cigarette smokers. Unlike older, more established
combustible cigarette users, e-cigarette use by college students was not for the intention to quit smoking*!.

Our current study not only attempts to answer the question of whether e-cigarette use is effective in smok-
ing cessation, we also want to raise a health risk—e-cigarettes may perpetuate or initiate nicotine addiction. A
study conducted by Truth Initiative and the US Centers for Disease Control and Prevention found that nearly
all e-cigarettes sold by U.S. retailers contained nicotine, with the average nicotine concentration in e-cigarette
products increasing from 2.10% to 4.34% between 2013 to 2018*% E-cigarette products containing no nicotine
accounted for only 1% or less of the market share. The majority of youth e-cigarette users think they vaped only
flavoring, not nicotine, according to the University of Michigan 2016 Monitoring the Future Study*. In Taiwan,
nicotine containing e-cigarettes are illegal, but not well regulated and are widely available. According to a study
conducted by the Taiwanese Food and Drug administration, out of a sample of 3062 e-cigarettes purchased from
by retailers, about 80% contained nicotine®. The high nicotine concentrations found in e-cigarettes have their
own health risks (i.e. lung disease, impaired brain development, future addiction to other drugs), and developing
a nicotine addiction in early adolescence may increase the risk of consuming combustible cigarettes later in life.

Our present study takes a unique approach by comparing the effect of e-cigarettes on cessation among differ-
ent age populations. A previous study from the United States found that e-cigarette use was associated with an
increased likelihood of quitting combustible cigarette smoking among adult smokers attempting to quit com-
bustible cigarette smoking?®'. We believe that social and cultural factors play a significant role in the effectiveness
of using e-cigarettes in smoking cessation and that’ why our study obtains opposite results. Additionally, there
may be important differences between adolescents and adults especially in terms of whether or not they have
already developed nicotine dependence, and therefore whether e-cigarettes represent a quitting aid or a possible
gateway drug*. It’s also possible that e-cigarettes are a useful tool among combustible cigarette users only if the
users are also strongly motivated to quit®.

A limitation of our study is that despite TAALS being a nationally representative survey of Taiwanese ado-
lescents, there were a low number of participants who smoked in our study population because the Taiwanese
adolescent smoking rate is low at approximately 3.4%. As a result, out of our original cohort of 14,109 records,
there were only 474 participants who smoked at baseline and therefore only 474 participants whose records could
be analyzed to examine the effect of e-cigarette use on smoking cessation. Additionally, our study questionnaire
lacks information regarding father’s smoking status, which is also an important factor affecting adolescents’
attitude towards smoking.
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Conclusions

This nationwide, representative study in Taiwan indicates there was no association between use of e-cigarettes
and smoking cessation in adolescent combustible cigarette users. Furthermore, the use of e-cigarettes was also
not associated with change in combustible cigarette consumption among adolescent combustible cigarette users.
Meanwhile, e-cigarettes may hinder tobacco control efforts and therefore, e-cigarette regulations should pay
special attention to the potential health effects of e-cigarette use among adolescents. It is essential for public
health professionals and policymakers to understand the epidemiology of e-cigarette use and relevant correlates
within each subgroup of age and smoking status to meet tobacco control policy goals.

Data availability

The data that support the findings of this study are available from the Taiwan Health Promotion Administration
but are restricted for research use only. The data are not publicly available. Data are available from the authors
upon reasonable request and with permission of the Taiwan Health Promotion Administration.
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