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Abstract

Background: The effect of novel tobacco products, such as electronic cigarettes (EC) and

heated tobacco products (HTP), on allergic rhinitis (AR) and asthma is not well known.
Objective: To evaluate the health effect of novel tobacco products on asthma and AR.

Methods: This study was conducted using large survey data on Korean middle and high
school students. The relationship between current asthma/AR and novel tobacco products
user status was evaluated. In order to compare the combined effects of conventional cigarette
(CC), EC, and HTP use on current allergic diseases, the participants were classified into 18
groups based on CC (current, former, and never), EC (current, former, and never), and HTP

(ever and never) status.

Results: A total of 60,040 participants representing 2,850,118 Korean adolescents were
analyzed. Of all participants, 6.7%, 2.7%, and 2.9% were current CC, current EC, and ever
HTP users, respectively. Current CC and ever HTP use was significantly associated with
current asthma and AR in adjusted models. Current EC showed association with current AR
but the association with asthma disappeared in the adjusted model. Among 18 groups, the
groups including current CC use showed higher risk of current AR and asthma than never
HTP-never EC-never CC group. The odds ratio of current asthma especially increased more
in those who used EC and/or HTP with CC concurrently than those in the never HTP-never

EC-current CC user group.

Conclusion: Using EC and/or HTP in adolescents might enhance the adverse effect of CC on

AR and asthma.
Abstract word count: 247 words

Keywords: Electronic Nicotine Delivery Systems; Asthma; Rhinitis, allergic
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Introduction

Asthma and allergic rhinitis (AR) are the most common chronic inflammatory diseases of
the upper and lower airway worldwide and can affect people of any age.!> A number of
environmental and genetic risk factors may play a role in the development of asthma and AR.
Tobacco smoking is known to be one of the important risk factors in asthma and is related to
the development of asthma? as well as asthma exacerbation* and increased asthma severity.>
Although the effect of tobacco smoking on AR has not been studied as thoroughly as that on
asthma, some researchers speculate that tobacco smoking will affect the symptom control of

AR and the development of chronic rhinitis.

Electronic cigarettes (ECs) are electronic devices that vaporize a liquid that is inhaled by
the user. Liquids used in EC usually contain nicotine. Heated tobacco products (HTPs) or
heat-not-burn tobacco products are electronic devices that use electric heating elements to
heat tobacco producing aerosols containing nicotine and other chemicals that are inhaled by
the user.” Although ECs and HTPs work differently, both are considered alternatives to

conventional cigarettes (CCs).

There is still no convincing evidence on the health effects of these novel tobacco products.
In case of ECs, some previous studies showed that they produced equal or lower emission of
several kinds of hazardous substances compared to CCs,%° and even reported that these
products could help users quit smoking.®!? However, some studies suggested that ECs are
more harmful than CCs.!-1> HTPs are less studied than ECs. There is no study that
demonstrates the effects of quitting CC smoking by HTP. One study found that the amount of
harmful materials emitted from HTPs was less than that from CCs.!3 Nevertheless, the health

influences of ECs and HTPs are not yet clear.

Although the health effects of ECs and HTPs are controversial as mentioned above, EC use
has been increasing rapidly since its introduction in 2003, especially among adolescents. The
US Center for Disease Control and Prevention reported that the current EC use among high
school students aged 14—18 years increased steeply from 11.7% in 2017 to 20.8% in 2018.14
In Korea, an estimated 9.1% of Korean adolescents used ECs according to the 10th Youth
Health Survey.!> Although the number of users in Korea is not as high as in the US, it is
likely to increase considering the growing trend of users in the other parts of the globe.!%!7

Therefore, in this study, we evaluated the effects of ECs and HTPs on the development of

asthma and AR, which is clinically important but less studied.
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Methods

We used the Fourteenth Korea Youth Risk Behavior Survey (KYRBS-XIV, available
from: http://www.cdc.go.kr/yhs/). KYRBS-XIV is a nationwide, cross-sectional survey
performed in June 2018, the detailed description of which is reported elsewhere.'®* KYRBS-
XIV used a two-stage cluster sampling and systematic sampling method within each stratum.
Middle and high school students aged 13—18 years voluntarily completed the anonymous,
self-administered, web-based survey at their school. A total of 62,823 students from 400
middle and 400 high schools were enrolled in the survey with a response rate of 95.6%.
Therefore, 60,040 eligible participants (30,463 males and 29,577 females) were included in

the analysis. This sample was representative of all 2,850,118 Korean students.

The questions ‘In the last 12 months, have you been diagnosed with asthma by a doctor?’
and ‘In the last 12 months, have you been diagnosed with AR by a doctor?’ were used as the
indicator for current asthma and AR. Prevalent asthma and AR were estimated by the
following questions: ‘Have you ever been diagnosed with asthma by a doctor?” and ‘Have

you ever been diagnosed with AR by a doctor?’

The experience of CC (or EC) use was determined by the questionnaire “Have you ever
used a CC (or EC)?” A current CC (or EC) user was defined when their answer to the
question “How many days have you used at least one CC (or EC) in the last 30 days?” was
more than one a day. If a participant replied that he or she had ever used CC (or EC) but not
within the past 30 days, he or she was classified as a “former CC user” (or a “former EC
user”). A participant who had never used CC (or EC) was classified as “never CC used” (or
“never EC used”). The definition of smoking frequency was determined by the questionnaire
“How many days have you smoked in the last 30 days?” If a current CC user used more than
one CC (or EC) per day for 20 or more days in the past 30 days, he or she was defined as a
“frequent CC user” (or a “frequent EC user”). A frequent CC user who smoked ten or more
CC per day was classified as a “heavy CC user” and less than ten per day was “light CC
user”. The use of HTPs was assessed by asking: “Have you ever used a heated tobacco

product before?”

Socio-demographic and health-related factors included age, sex, body mass index (BMI),
residential area, regular exercise, sedentary time, exposure to secondhand smoke, and

socioeconomic status (SES). Weight status was classified using age- and sex-specific BMI
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(calculated as self-reported weight in kilograms divided by the square of self-reported height
in meters) percentiles based on the 2017 Korea National Growth Chart for Children and
Adolescents. Age- and sex-specific BMI was divided into two categories: normal or
underweight (0th-84th percentile), and overweight or obese (>85th percentile).!® The
residential area was divided into urban and rural areas. Regular exercise was defined as
engaging, at least two days a week, in either moderate-intensity exercise for more than 60
min a day, in vigorous exercise for more than 20 min a day, or in any muscle-strengthening
exercise. Sedentary time was divided into two categories: less than ten hours per day and ten
hours or more per day. Exposure to secondhand smoke was defined as exposure to the
cigarette smoke from other people in the participant’s home once or more in a week. SES was
assessed with the self-reported SES of the participant’s family. In addition, the relationship
between the use of CC (or EC) and school absenteeism was analyzed using KYRBS-XIII as

previous study analyzed (see supplementary method).?

Statistical analysis

Complex sample survey data analysis was used for the statistical analysis of KYRBS-XIV
data, except when the unweighted number was checked. Descriptive statistics were used to
examine the distribution of variables. Continuous variables were presented as weighted mean
and standard error, and categorical variables were presented as unweighted numbers and
weighted percent. Descriptive statistics for each variable were presented according to the

disease status.

First, the effects of each product (CC, EC, or HTP) on current asthma and AR were
analyzed regardless of whether the participants used the other two products. For example,
when we analyzed the effect of EC use on current asthma and AR, we divided the subjects
into three groups which were ‘Never EC user’, ‘Former EC user’, and ‘current EC user’,
regardless of whether they used CC or HTP. Univariate logistic regression analysis was used
to investigate the influence of each variable on current asthma and AR. Covariate-adjusted
logistic regression models were used to estimate the influence of CC, EC, and HTP using on
current asthma and AR. Covariates used for the adjustment in model 1 were age and sex. In
model 2, the relationship between current AR (or asthma) and CC, EC, or HTP using was

analyzed adjusted for age, sex, BMI, residential area, regular exercise, sedentary time,
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exposure to secondhand smoke, and SES. Besides various factors mentioned above, the
presence of AR was also included as a covariate to analyze the relationship between current

asthma and CC, EC, and HTP using in model 2.

Next, we assessed the combined effect of CC, EC, and HTP using status on current asthma
or AR by subdividing the participants in the analysis. CC and EC users were divided into
three categories, respectively: current user, former user, and never user. HTP users were
divided into two categories: never or ever used. The name of each group was made by
combining the using status of each device in order of HTP, EC, and CC (For example, an
ever HTP-former EC-current CC group). A total of 18 smoking status groups was made as
described in table 1. Multinomial logistic regression was used to assess the risk of current
asthma and AR in the smoking status groups mentioned above. All statistical tests were two-
sided and a p-value of <0.05 represented statistical significance. SPSS version 18.0 (SPSS
Inc., Chicago, IL, USA) was used.
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Results
General characteristics of the participants in KYRBS-XIV

Mean age of the participants was 15.2 years old. The number of male students (52.1%) was
slightly higher than that of female students, and 95.3% of participants lived in an urban area.
About 20% of the participants were overweight or obese. More than half of the participants
(58.8%) did not exercise more than two days a week whereas about half (48.7%) of them had
a sitting time of ten or more hours a day. Twenty-three percent of the participants were
exposed to secondhand smoke at home (Table 2). Overall, 8.7% and 36.6% of the
participants had prevalent asthma and AR, respectively. In addition, 2.5% and 20.8% of the
participants had current asthma and AR, respectively. Among asthma patients, 70.4% had AR
and 15.7% of AR patients had asthma.

Relationship between each tobacco product (CC, EC, and HTP) use and current allergic

diseases

Current CC and EC users were 6.7% and 2.7%, respectively and 2.9% of the whole
participants ever used HTPs (Figure 1 and supplementary figure). There were more
frequent CC users (3.9%) than non-frequent CC users (2.8%) among the current CC users and
more light CC users (2.6%) than heavy CC users (1.3%) among the frequent CC users. The
percentage of current EC users were 2.7% and 2.9% of the participants had ever used HTPs.
About 50% of current EC users and 60% of frequent EC users replied that they had ever used
HTPs.

Current CC users had higher odds for current AR and asthma than those who never used
CCs in all models. Among current CC users, frequent CC users showed significantly
increased odds for current AR than non-frequent CC users. However, smoking frequency and
amount were not related to current asthma. Similarly, current EC users showed a higher risk
of current AR than those who never used ECs. Among current EC users, frequent EC users
showed a significantly increased risk of current AR in all models. However, the relationship
between current EC use and asthma disappeared after adjusting for multiple covariates in
model 2. The relationship between the frequency of EC use and current asthma showed a
similar result. Interestingly, those who had ever used HTP showed a significantly increased

This article is protected by copyright. All rights reserved



227
228

229
230
231
232
233
234

235

236

237
238
239

240
241
242
243
244
245
246
247
248
249
250
251
252
253

risk of current AR and asthma than those who never HTP used regardless of CC or EC use

status (Supplementary table 1, 2) .

To further elucidate the effects of CC and EC using on acute asthma exacerbation, the
relationship between CC and EC using and school absenteeism due to asthma was assessed
using KYRBS-XIII. Baseline characteristics of the KYRBS-XIII were similar to those of
KYRBS-XIV (Supplementary table 3). More than three days of absenteeism in the last 12
months was significantly correlated with current CC and EC use in all models

(Supplementary table 4).

The combined effects of CC, EC, and HTP using on current allergic diseases

In order to compare the combined effects of CC, EC, and HTP using on current allergic
diseases, the participants classified into 18 groups based on CC, EC, and HTP using status as

mentioned in method. Numbers of participants in each group were presented in table 1.

‘Never HTP-never EC-current CC’, ‘Never HTP-current EC-current CC’, and ‘Ever HTP-
current EC-current CC’ groups showed the tendency of higher odds for current AR than
‘Never HTP-never EC-never CC’ group (OR 1.3, 95% CI 1.1 — 1.6 in the ‘Never HTP-never
EC-current CC’; OR 1.6, 95% CI 1.2 — 2.1 in the ‘Never HTP-current EC-current CC’; OR
1.6,95% CI 1.1 — 2.2 in the ‘Ever HTP-current EC-current CC’ groups in model 2).
Interestingly, although statistically not significant, odds ratio of current AR increased more in
those who used concurrently EC and/or HTP with CC (‘Never HTP-current EC-current CC’,
and ‘Ever HTP-current EC-current CC’ groups) than those in the ‘Never HTP-never EC-
current CC’ group (Table 3). In case of asthma, ‘Never HTP-never EC-current CC’, ‘Ever
HTP-never EC-current CC’, and ‘Ever HTP-current EC-current CC’ groups also showed the
tendency of higher odds for current asthma (OR 1.7, 95% CI 1.3 — 2.3 in the ‘Never HTP-
never EC-current CC’; OR 6.4, 95% CI 3.6 — 11.6 in the ‘Ever HTP-never EC-current CC’;
and OR 2.9, 95% CI 2.1 — 3.9 in the ‘Ever HTP-current EC-current CC’ groups in model 2).
Similar to the results from current AR, the ‘Ever HTP-never EC-current CC’ and ‘Ever HTP-
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current EC-current CC’ groups showed higher OR than ‘Never HTP-never EC-current CC’
group. Particularly, ‘Ever HTP-never EC-current CC’ group showed significantly increased
odds of current asthma than ‘Never HTP-never EC-current CC’ group (OR 3.9, 95% CI 2.0 —
7.5) (Table 4).
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Discussion

This study showed the possibility for EC and HTP to have an adverse effect on
adolescents’ respiratory health. Although there was no increase in the risk of current AR and
asthma in groups that use EC (never HTP-current EC-never CC) or HTP (ever HTP-never
EC-never CC) alone, the risk of AR and asthma seemed to increase compared to current CC
only users when using EC and/or HTP with CC. These findings implied that using EC or

HTP in adolescence could exacerbate the adverse effect of CC on AR and asthma.

Various environmental factors such as air pollution, tobacco smoke, and chemicals can
cause upper?! and lower airway inflammation.?? Several previous studies have shown that
EC can cause inflammation in various types of cells in airway.?3->> The substances in EC
increased airway inflammation, especially type 2 inflammation, in a mouse model.?* One
study showed that using EC inhibited the immunity of nasal epithelial cells.?® Therefore,
EC usage has shown to increase the possibility of causing or exacerbating asthma through
increasing airway inflammation. Even though studies on HTP and chronic airway diseases
are less common than EC, several studies have reported airway toxicity associated with
HTP.2728 Therefore, both EC and HTP have the potential to cause and aggravate AR and

asthma through airway inflammation or toxicity as shown in this study.

EC and HTP increased the risk of asthma only when combined with CC in this study.
These results may suggest that certain chemical compounds in EC or HTP could act as the
adjuvant that strengthens the adverse effects of CC on allergic diseases. On the other hand,
the exposure time to EC and/or HTP in Korea might be too short to reveal their own
adverse health effects. In other words, short-term exposure to EC and/or HTP on the
airway that had been already inflamed by CC might be enough to cause additional adverse

effects.

Meanwhile, HTP showed the stronger additive effect combined with CC on asthma but
not on AR in this study. One explanation of this effect could be that the amount of aerosols
is lower than that of CC. It is possible that aerosols from HTP arrive at the lower airways
first but do not return to the upper airways. The other hypothesis is that the particle size of
HTP aerosol and its distribution could be mainly in the lower airways different from CC.?*
These phenomena might enable aerosols produced by HTP to mainly influence the lower

airways.
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This study has several limitations. First, this study cannot fully explain the accurate
causality because of the limitations of a cross-sectional survey. Long term and prospective
studies should be conducted in the future. Second, this study did not reflect the long-term
effect of EC or HTP as mentioned above, such as the effect of the introduction of liquid
type EC in 2013 and HTP in 2017 in Korea. Third, the status of use of HTP was only
identified by “ever” and “never” and we could not know whether the participant used HTP
currently. Similarly, the definition of former users in CC and EC included everything from
participants who used CC or EC once in a life time to previous heavy smoker who quitted
a month ago and the former users of CC and EC could be very heterogeneous. The
difference among current, former and never used of HTP and more refining definition of
amount in EC using should be studied. Nevertheless, this study is important since this is
the first study to examine the risk of asthma and AR due to EC as well as HTP in

adolescents.

In conclusion, we have demonstrated the effects of novel tobacco products on current
AR and asthma in adolescents. Thus, until the health effects of these products can be fully

assessed, adolescent exposure to these products should be strictly avoided.
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3839  Table 1. Distribution and baseline characteristics of the participants in the KYRBS-XIV according to the using status of conventional

390 cigarettes, electronic cigarettes, and heated tobacco products

HTP EC cc Total (%)° Ever AR, Current AR, Ever asthma, Current asthma,
% (SE) % (SE) % (SE) % (SE)
Never Never Never 50,778 (83.8)  36.6(0.3) 56.3(0.4) 8.4 (0.1) 2.5(0.1)
Former 3,420 (5.8) 37.7(0.9) 56.0 (1.4) 10.2 (0.6) 3.2(0.3)
Current 1,270 (2.1) 33.1(1.4) 63.1 (2.3) 9.5 (0.8) 4.2 (0.6)
Former Never 475 (0.8) 33.0(2.2) 52.4(4.1) 12.2 (1.5) 53 (1.1)
Former 1,054(1.8) 38.8 (1.5) 53.6 (2.3) 8.8 (0.9) 2.7(0.5)
Current 743(1.4) 37.6 (2.0) 59.4 (2.9) 9.7(1.3) 3.3(0.9)
Current Never 96 (0.2) 29.7 (4.7) 58.1 (9.6) 4.7 (2.2) 1.4 (1.2)
Former 105 (0.2) 33.8 (4.5) 60.1 (8.1) 5.3(2.0) 0.0 (0.0)
Current 531 (1.0) 36.1 (2.2) 67.4 (3.2) 11.1 (1.3) 4.5(0.9)
Ever Never Never 59 (0.1) 35.5(6.8) 72.8 (10.1) 16.8 (5.6) 11.5(3.9)
Former 42 (0.1) 42.8 (7.0) 46.5 (11.1) 5.8(3.4) 2.6 (1.6)
Current 105 (0.2) 36 (4.5) 67.6 (6.7) 19.2 (3.7) 14 (3.6)
Former Never 48 (0.1) 31.6 (6.1) 63.3 (10.8) 7.8 (3.6) 4.9 (3.1)
Former 155 (0.3) 342 (3.9) 71.3 (5.5) 12.6 (2.9) 5.4 (2.0)
Current 435 (0.8) 414 (2.4) 59.6 (4.2) 9.4(1.3) 3.5(0.8)
Current Never 44 (0.1) 29.7 (6.6) 55.4 (13.6) 13.3 (4.9) 5.03.4)
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394

Former 42 (0.1) 28.0(7.2) 66.6 (14.5) 10.6 (4.5) 42 (2.8)
Current 638 (1.2) 35.4 (2.0) 69.3 (3.2) 11.7 (1.2) 6.7 (1.0)

*Values are expressed in unweighted number (weighted %). Abbreviations: KYRBS-XIV, Fourteenth Korea Youth Risk Behavior Survey; CC, conventional cigarette;

EC, electronic cigarette; HTP, heated tobacco product; AR, allergic rhinitis; SE, standard error
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Table 2. Baseline characteristics of the study population of Korean adolescents (KYRBS-XIV)

Ever AR, Current AR, Ever asthma, Current asthma,
Variables Total (%)"
% (SE) % (SE) % (SE) % (SE)

Numbers® 60,040 21,480 12,189 5,158 1,532
Age, y** 15.2 (0.02) 15.3(0.03) 15.3(0.03) 15.2 (0.03) 15.1 (0.05)
Sex

Male 29,577 (52.1) 35.8(0.4) 19.7 (0.3) 9.7(0.2) 2.9(0.1)

Female 30,463 (47.9) 37.6(0.3) 21.9(0.3) 7.5(0.2) 2.1(0.1)
Body-mass index

Underweight/

o 46,531 (79.9) 36.8(0.3) 20.9 (0.2) 8.3 (0.1) 2.3(0.1)

Overweight/

Obbce 11,805 (20.1) 37.0(0.5) 20.8 (0.4) 9.5(0.3) 3.0(0.2)
Residence

Urban 56,579 (95.3) 37.0(0.3) 21.1(0.2) 8.7 (0.1) 2.5(0.1)

Rural 3,461 (4.7) 28.5 (1.0) 15.0 (0.9) 7.9 (0.5) 2.4(0.2)
Regular exercise

<2d/w 35,006 (58.8) 36.9 (0.3) 20.7 (0.2) 8.3(0.2) 2.2(0.1)

>2d/w 25,034 (41.2) 36.1(0.4) 20.8 (0.3) 9.2(0.2) 2.9(0.1)
Sedentary time

<10 h/d 31,326 (51.3) 34.1(0.3) 19.2 (0.2) 8.4(0.2) 2.7(0.1)

>10 h/d 28,714 (48.7) 39.3(0.3) 22.4(0.3) 8.9 (0.2) 2.4(0.1)
Secondhand smoking

Never 45,981 (77) 36.8 (0.3) 20.5(0.2) 8.4 (0.1) 2.4(0.1)

Ever 14,059 (23) 36.0 (0.4) 21.7(0.4) 9.5(0.3) 3.1(0.2)
Socioeconomic status

High 24,207 (40.8) 37.8(0.4) 22.0(0.3) 8.8(0.2) 2.6 (0.1)

Middle 27,808 (46) 35.6 (0.3) 19.6 (0.3) 8.2(0.2) 2.3(0.1)

Low 8,025 (13.2) 36.4(0.6) 21.1 (0.5) 9.9 (0.3) 3.2(0.2)
CC use status

Never 51,500 (85.1) 36.6(0.3) 20.6 (0.2) 8.4 (0.1) 2.3(0.1)

Former 4,818 (8.2) 37.7(0.7) 21.1 (0.6) 9.9 (0.5) 2.9(0.3)

Current 3,722 (6.7) 35.9(0.9) 22.9(0.8) 10.4 (0.5) 4.4(0.4)
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CC use frequency

Non-frequent 1,589 (41.3)  37.1(1.2) 22.3 (1.1) 10.8 (0.8) 3.9(0.5)

Frequent 2,133 (58.7)  35.1(1.1) 23.3 (1.0) 10.2 (0.7) 4.8 (0.5)
CC use amount

Light 1,439 (67.5) 36.4(1.4) 23.8(1.3) 9.9 (0.8) 4.0 (0.6)

Heavy 694 (32.5) 32.4(1.9) 22.2(1.7) 10.8 (1.2) 6.5 (1.0)
EC use status

Never 55,674 (92.1) 36.6 (0.3) 20.7 (0.2) 8.5(0.1) 2.4(0.1)

Former 2,910 (5.2) 37.6 (0.9) 21.4 (0.8) 9.8 (0.6) 3.3(0.4)

Current 1,456 (2.7) 34.8(1.3) 233 (1.1) 10.6 (0.8) 4.7 (0.6)
HTP use status

Never 58,472 (97.1) 36.6 (0.3) 20.7 (0.2) 8.6 (0.1) 2.5(0.1)

Ever 1,568 (2.9) 34.5(1.9) 23.6 (1.6) 11.7 (1.1) 6.1 (0.9)

396 *Values are expressed in unweighted number (weighted %). **Age is expressed as a mean (SE). Other values are expressed in
397  weighted percentages (SE). Abbreviations: KYRBS-XIV, Fourteenth Korea Youth Risk Behavior Survey; AR, Allergic

398 rhinitis; CC, conventional cigarette; EC, electronic cigarette; HTP, heated tobacco product.
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Table 3. The risk of current allergic rhinitis according to conventional cigarettes, electronic cigarettes, and heated tobacco products using status in Korean

adolescents
HTP  EC co Unadjusted Model 1* Model 2
OR (95% CI) P-value aOR (95% CI) P-value aOR (95% CI) P-value
Never Never Never Ref Ref Ref
Former 1.0(0.9-1.1) 0.86 1.0 (0.9-1.2) 0.63 1.0 (0.9-1.1) 0.96
Current 1.3 (1.1 -1.6) 0.004 1.3 (1.1 -1.6) 0.005 1.3 (1.1 -1.6) 0.02
Former Never 0.9 (0.6 -1.2) 0.34 0.9 (0.7-1.2) 0.49 0.8(0.6—-1.1) 0.21
Former 0.9 (0.7-1.1) 0.24 1.0 (0.8 —-1.1) 0.64 0.9 (0.8-1.1) 0.43
Current 1.1 (0.9 -1.4) 0.30 1.2 (0.9-1.5) 0.14 1.2 (0.9-1.5) 0.24
Current  Never 1.1 (0.5-2.3) 0.85 1.1 (0.5-2.5) 0.73 1.0 (0.4-2.2) 0.96
Former 1.2 (0.6 -2.3) 0.64 1.3(0.7-2.5) 0.46 1.2 (0.6 -2.4) 0.59
Current 1.6 (1.2-2.1) 0.001 1.7(1.2-2.2) 0.001 1.6 (1.2 -2.2) 0.002
Ever Never  Never 2.1(0.8-5.6) 0.15 2.1(0.8-5.8) 0.16 1.9 (0.7-5.1) 0.21
Former 0.7 (0.3 -1.6) 0.38 0.7 (0.3-1.7) 0.43 0.6 (0.3-1.6) 0.34
Current 1.6 (0.9 —3.0) 0.12 1.9 (1.0-3.5) 0.04 1.9 (1.0 -3.6) 0.05
Former Never 1.3(0.5-3.3) 0.53 1.3(0.5-3.2) 0.59 1.1 (0.4-2.9) 0.82
Former 1.9(1.1-3.2) 0.01 2.0(1.2-3.5) 0.009 1.9 (1.1-3.2) 0.02
Current 1.1 (0.8 —1.6) 0.43 1.2 (09-1.7) 0.26 1.2(09-1.7) 0.30
Current  Never 1.0 (0.3-2.9) 0.95 1.2 (0.4-3.8) 0.81 1.2 (0.3-4.4) 0.80
Former 1.5(0.4-5.6) 0.50 1.5(0.4-5.5) 0.55 1.4 (0.4-5.0) 0.62
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Current 1.8 (1.3 - 2.4) <0.001 1.8 (1.3 -2.4) <0.001 1.6 (1.1 -2.2) 0.005

401 Abbreviations: Ref, reference; AR, allergic rhinitis; EC, electronic cigarette; CC, conventional cigarette; HTP, heated tobacco products. P-values are expressed in the second digit of
402 the decimal unless it was less than 0.01. *the covariates used in model 1 were age and sex. **The covariates used in model 2 were age, sex, body-mass index, residential area, regular

403 exercise, sedentary time, exposure to secondhand smoke, and socioeconomic status.
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Table 4. The risk of current asthma according to conventional cigarettes, electronic cigarettes, and heated tobacco products using status in Korean

adolescents
HIP  EC co Unadjusted Model 1* Model 2%
OR (95% CI) P-value aOR (95% CI) P-value  aOR (95% CI) P-value
Never Never  Never Ref Ref Ref
Former 1.3(1.1-1.6) 0.01 1.3(1.0-1.6) 0.02 1.2(1.0-1.5) 0.08
Current 1.7 (1.3-2.3) <0.001 1.6 (1.2-2.1) 0.004 1.6 (1.1 -2.2) 0.005
Former Never 22(1.5-3.4) <0.001 2.1(1.3-3.3) 0.001 1.8 (1.1 -3.0) 0.02
Former 1.1 (0.7-1.6) 0.61 1.0 (0.7-1.5) 0.88 1.0 (0.7-1.5) 0.95
Current 1.4 (0.8—-2.3) 0.28 1.3(0.8—-2.3) 0.31 1.3(0.7-2.3) 0.35
Current Never 0.6 (0.1 —3.3) 0.52 0.6 (0.1 -3.4) 0.53 -
Former - - -
Current 1.9 (1.2-2.9) 0.003 1.5(1.0-2.4) 0.08 1.2 (0.8 —-2.0) 0.39
Ever Never  Never 51 (24-11) <0.001 5425-11.7) <0.001 3.8(1.5-9.6) 0.005
Former 1.1 (0.3-3.6) 0.93 1.1 (0.3-3.7) 0.92 0.9 (0.2-3.1) 0.81
Current 6.4 (3.6 -11.6) <0.001 6.2 (3.4-11.3) <0.001 6.0 3.1-11.5) <0.001
Former Never 2.0(0.5-7.7) 0.29 1.1(0.2-6.7) 0.92 1.2 (0.2-7.6) 0.88
Former 2.3(1.1-4.8) 0.03 2.0(0.9-4.4) 0.09 22(1.0-5.1) 0.06
Current 1.5(0.9-2.4) 0.13 1.4 (0.9-2.3) 0.14 1.2 (0.7-2.0) 0.52
Current Never 2.1 (0.5-28.6) 0.30 2.4(0.6-10.2) 0.22 1.1 (0.2-7.4) 0.92
Former 1.8(0.4-6.9) 0.42 0.8 (0.1 -5.3) 0.83 0.9 (0.1 -6.4) 0.92
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Current 292.1-39) <0.001 2.3(1.6-3.3) <0.001 1.7 (1.1-2.7) 0.01

407 Abbreviations: Ref, reference; AR, allergic rhinitis; EC, electronic cigarette; CC, conventional cigarette; HTP, heated tobacco products. P-values are expressed in the second digit of
408 the decimal unless it was less than 0.01."the covariates used in model 1 were age and sex. *“the covariates used in model 2 were age, sex, body-mass index, residential area, regular

409 exercise, sedentary time, exposure to secondhand smoke, socioeconomic status, and the presence of AR — This cell was too small to measure the statistical significance.
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Figure Legend

Figure 1. The detailed CC, EC, and HTP using status of the participants. Detailed (a)
conventional cigarette (CC), (b) electronic cigarette (EC), and (c¢) heated tobacco product

(HTP) using status of the participants are expressed in unweighted numbers and weighted %.
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Supplementary table 1. The association between current allergic rhinitisand conventional and electronic cigar ette use in Korean adolescents

Unadj usted Model 1° Model 2"
OR (95% ClI) P-value aOR (95% ClI) P-value aOR (95% ClI) P-value

CC use status

Never Ref

Former 1.0(0.9-1.1) 0.81 1.0(0.9-1.1) 0.51 1.0(0.9-1.1) 0.92

Current 1.4 (1.2-15) <0.001 1.4 (1.2-1.6) <0.001 1.3(1.2-15) <0.001
CC use frequency’

Non-frequent Ref

Fregquent 1.3(1.0-1.7) 0.03 14(1.1-138) 0.007 14(1.1-138) 0.006
CC use amount’

Light Ref

Heavy 1.2(0.8-1.7) 0.43 1.1 (0.8-1.6) 0.55 1.1 (0.8-1.6) 0.56
EC use status

Never Ref

Former 1.0(0.9-1.2) 0.75 1.1(0.9-1.2) 0.29 1.0(0.9-1.2) 0.63

Current 1.6(1.3-1.9) <0.001 1.6(1.3-1.9) <0.001 1.5(1.2-1.8) <0.001
EC use frequency®

Non-frequent Ref

Frequent 1.8(1.1-2.9) 0.02 19(1.1-31) 0.02 19(1.1-32) 0.02
HTP use status

Never Ref

Ever 1.7(1.3-2.2) 0.001 1.7(1.2-2.2) 0.001 1.5(1.1-2.0) 0.009

Abbreviations: OR, odds ratio; ClI, confidential interval; aOR, adjusted odds ratio; Ref, reference; CC, conventional cigarette; EC, electronic cigarette; HTP, heated tobacco product. P-
values are expressed in the second digit of the decimal unlessit was less than 0.01."the covariates used in model 1 were age and sex. " the covariates used in model 2 were age, sex, body-
mass index, residential area, regular exercise, sedentary time, exposure to secondhand smoke, and socioeconomic status. 'Analyses on the CC use frequency and amount were conducted
only in CC users. *Analysis on the EC use frequency was conducted only in EC users,



Supplementary table 2. The association between current asthma and conventional and electronic cigarette use in Korean adolescents

Unadj usted Model 1° Model 2"
OR (95% ClI) P-value aOR (95% ClI) P-value aOR (95% ClI) P-value

CC use status

Never Ref

Former 1.3(1.0-15) 0.03 1.2(1.0-15) 0.10 1.1(09-1.4) 0.21

Current 1.9 (1.6-2.3) <0.001 1.7 (1.4-2.1) <0.001 1.5(1.2-1.9) <0.001
CC use frequency’

Non-frequent Ref

Fregquent 1.2(0.9-1.7) 0.21 1.3(09-1.9) 0.14 1.4(0.9-2.0) 0.19
CC use amount’

Light Ref

Heavy 1.6 (1.0-2.6) 0.04 1.4(0.9-2.3) 0.16 1.2(0.7-21) 0.53
EC use status

Never Ref

Former 14 (1.1-1.8) 0.004 1.3(1.0-1.7) 0.03 1.2 (1.0-1.5) 0.13

Current 20(1.5-26) <0.001 16(1.2-21) 0.003 1.2(0.8-1.6) 0.35
EC use frequency®

Non-frequent Ref

Fregquent 2.6 (1.5-4.49) 0.001 20(1.1-3.8) 0.02 1.8(0.9-35) 0.21
HTP use status

Never Ref

Ever 25(1.9-35) <0.001 20(14-29) <0.001 1.5(1.0-23) 0.05

Abbreviations: OR, odds ratio; ClI, confidential interval; aOR, adjusted odds ratio; Ref, reference; CC, conventional cigarette; EC, electronic cigarette; HTP, heated tobacco product. P-
values are expressed as the second digit of the decimal unless it was less than 0.01. “the covariates used in model 1 were age and sex. ~the covariates used in model 2 were age, sex, body-
mass index, residential area, regular exercise, sedentary time, exposure to secondhand smoke, socioeconomic status, and the presence of AR. TAnalyses on the CC use frequency and
amount were conducted only in CC users. *Analysis on the EC use frequency was conducted only in EC users.



Supplement Table 3. Baseline characteristics of the study population of Korean adolescents (KYRBS-

XIIT)

Variables Total (%)’ Ever asthma, % (SE) (CS“Er)re”t SEIAE,
Numbers’ 62,276 5,422 1,493
Agey 15.1 (0.02) 15.1 (0.03) 14.9 (0.05)
Sex

Mae 31,624 (52.1) 9.8(0.2) 2.7(0.1)

Female 30,652 (47.9) 7.7(0.2) 2.0(0.1)
Body-massindex

Underweight/

Normal 50,209 (80.7) 8.5(0.1) 2.2(0.1)

Overweight/

Obese 11,651 (18.6) 9.8(0.3) 2.5(0.1)
Residence

Urban 57,437 (93.9) 8.9(0.1) 2.4(0.1)

Rural 4,839 (6.1) 7.6 (0.5) 2.1(0.3)
Regular exercise

<2dw 41,089 (66.6) 8.6 (0.2) 2.2(0.1)

> 2 diw 21,187 (33.4) 9.3(0.2) 2.8(0.1)
Sedentary time

<10 h/d 31,178 (51.2) 8.5(0.2) 2.4(0.1)

> 10 h/d 28,456 (48.8) 9.1(0.2) 2.2(0.1)
Secondhand smoking

Never 44,511 (72.1) 8.6 (0.1) 2.2(0.1)

Ever 17,765 (27.9) 9.2(0.2) 2.9(0.1)
Socioeconomic status

High 24,802 (40.4) 9.1(0.2 2.6 (0.2)

Middle 28,582 (45.6) 8.2(0.2) 2.1(0.1)

Low 8,892 (14.1) 9.7 (0.3) 2.7 (0.2
CC use status

Never 54,126 (86.3) 8.6 (0.1) 2.2(0.1)

Former 4,381 (7.4) 9.5(0.5) 2.1(0.2)

Current 3,769 (6.4) 11.1 (0.5) 4.7 (0.3)
CC usefrequency

Non-frequent 1,643 (43.4) 10.9 (0.8) 3.5(0.4)

Freguent 2,126 (56.6) 11.2 (0.8) 5.6 (0.5)
CC use amount

Light 2,927 (78.0) 10.3(0.6) 3.6 (0.4)

Heavy 842 (22.0) 14.0 (1.1) 8.3(0.9)
EC use status

Never 57,974 (92.6) 8.6 (0.1) 2.2(0.1)

Former 1,244 (2.2) 9.9 (0.5) 3.1(0.3)

Current 3,058 (5.2) 13.1(0.1) 6.5 (0.7)

*Values are expressed in unweighted number (weighted %). **Age is expressed as a mean (SE). Other values are expressed in
weighted percentages (SE). Abbreviations: KY RBS-X1V, Fourteenth Korea Youth Risk Behavior Survey; AR, Allergic rhinitis; CC,
conventional cigarette; EC, electronic cigarette; HTP, heated tobacco product.



Supplement Table 4. The association between school absenteeism due to asthma and conventional and electronic cigarette use in Korean
adolescents (KYRBWS-XI11)

Unadj usted Model 1° Model 2"
OR (95% ClI) P-value aOR (95% ClI) P-value aOR (95% ClI) P-value

CC use status

Never Ref

Former 09(05-17) 0.84 1.0(0.5-2.0) 0.90 1.0(0.5-2.0) 0.97

Current 43(3.1-6.1) <0.001 3.1(2.0-4.8) <0.001 2.7(1.8-4.3) <0.001
CC usefrequency

Non-frequent Ref

Frequent 1.2(0.7-25) 0.46 0.6 (0.3-1.4) 0.24 0.5(0.2-1.3) 0.15
CC use amount

Light Ref

Heavy 3.3(1.8-6.2 <0.001 2.2(1.0-4.6) 0.04 1.5(0.7-35) 0.32
EC use status

Never Ref

Former 1.3(0.7-2.3) 0.37 1.3(0.7-2.4) 0.44 1.1(0.6-2.2) 0.70

Current 7.7(5.0-11.7) <0.001 6.5(3.8-11.2) <0.001 4.5(2.6 - 8.0) <0.001
EC usefrequency

Non-frequent Ref

Frequent 4.9 (2.0-11.9) <0.001 34(1.1-10.2) 0.03 21(0.6-7.2) 0.26

School absenteeism was defined when the participant was absent from school more than three daysin the last 12 months. “the covariates used in model 1 were age and sex. ~ the
covariates used in model 2 were age, sex, body-mass index, residential area, regular exercise, sedentary time, exposure to secondhand smoke, socioeconomic status, and the presence of
AR. Abbreviations: OR, oddsratio; Cl, confidential interval; aOR, adjusted odds ratio; Ref, reference; CC, conventional cigarette; EC, electronic cigarette; HTP, heated tobacco product.
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Supplement figure 1. The stratified using status of the participants according to CC, EC and HTP using. Firstly, they were classified according to

HTP use, secondly, according to EC use, and finally, according to CC use.



Supplementary methods

To further evaluate the influence of these products on daily activity limitation among asthmatics, the relationship between the use of CC (or EC) and
school absenteeism was analyzed using KYRBS-XII1. School absence was defined by the question: “How many days were you absent from school in the
last 12 months due to asthma?” Responses were classified into two categories; three days or less, and above three days. Univariate logistic regression
analysis was used to investigate the influence of each variable on school absenteeism. Covariate-adjusted logistic regression models were used to estimate
the influence of CC, EC, and HTP using on school absenteeism. Covariates used for the adjustment in model 1 were age and sex. In model 2, the
relationship between current AR (or asthma) and CC, EC, or HTP using was analyzed adjusted for age, sex, BMI, residential area, regular exercise,

sedentary time, exposure to secondhand smoke, and SES.
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