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Abstract: The closure of schools due to the COVID-19 pandemic has forced adolescents to stay
home. These disruptions, as well as a significant decrease in social access, have impacted smoking
behavior. This study identified the association between the adolescents’ type of residence and to-
bacco product use. A cross-sectional study (using data from the Korea Youth Risk Behavior Web-
based Survey) examined 3774 students in 2019 (pre-pandemic) and 2575 students in 2020 (during
the pandemic). The participants were South Korean middle and high school students aged 13-19
years. Using multinomial logistic regression, it was shown that adolescents who lived alone or in a
boarding house had a higher risk of being an e-cigarette smoker compared with those who lived
with family or relatives (OR = 6.49, CI = 2.06-20.45). Living in a dormitory or orphanage also in-
creased the risk of dual tobacco use compared with living with family (OR = 2.09, 95% CI = 1.13-
3.84). With the advent and continuation of the COVID-19 pandemic, this effect became more signif-
icant in 2020 than in 2019. Our findings support the theory that residential differences affect adoles-
cent smoking behavior and highlight the importance of integrated smoking bans and educational
programs to control adolescent smoking.
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1. Introduction

As smoking behaviors that begin in adolescence have a high risk of leading to lifelong
smoking, it is important to continuously monitor the smoking status of adolescents [1].
With the advent of odorless e-cigarettes with different flavors and designs based on new
technologies, the types of tobacco used by all smokers [2,3] and adolescent smokers are
changing [4]. According to a study analyzing trends in the types of tobacco used by ado-
lescents, the number of adolescents who use cigarettes worldwide has been steadily de-
clining; however, the number of adolescents using e-cigarettes is constantly increasing [5].
This changing trend in the type of cigarette indicates the necessity to change policy efforts
and interventions, such as the control of cigarette prices and sales, the anti-smoking cam-
paign, and the establishment of non-smoking zones that traditionally focused on ciga-
rettes [2,3].

Adolescents who use e-cigarettes tend to pursue sensations and individuals who use
psychologically active substances are more likely to use one or more substances, so there
is a high risk of using substances such as alcohol and drugs [6]. Moreover, various sub-
stances contained in e-cigarette liquids can adversely affect adolescents” health [7]. Unlike
cigarettes, which can be purchased primarily through retail stores, e-cigarettes can also be
purchased at dedicated offline retailers and online sales sites. In addition, e-cigarette store
advertisements, which emphasize attractive designs and flavors that differ from conven-
tional cigarettes, increase the intent of use for both youth smokers and non-smokers [7,8].
The emergence of new types of tobacco has given rise to new knowledge and perceptions
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about smoking [9]. In a long-term follow-up of a panel of adult smokers who used ciga-
rettes in Korea, the most common reasons for the use of e-cigarettes was that they were
less likely to be harmful to health, did not smell, and could be smoked secretly indoors in
a non-smoking place because there is no smell and smoke [10]. Although all types of to-
bacco contain a variety of harmful substances, including nicotine [11], many adolescents
consider e-cigarettes to be less harmful and addictive to the human body than cigarettes;
therefore, they often use e-cigarettes as a substitute for cigarettes [1]. In the early days of
the advent of e-cigarettes, the use of these was expected to help cigarette smokers quit
smoking successfully [7]. However, contrary to expectations, the absence of visible smoke
and odor has led to the emergence of adolescent dual users who switch to e-cigarettes that
are free from the restrictions of non-smoking zones or those who use cigarettes and e-
cigarettes in combination [4,12]. With an increase in adolescent dual users in Korea, it is
insufficient to understand adolescent smoking by categorizing it as e-cigarette or regular
cigarette consumption [13].

The type of tobacco used by adolescents is influenced by a variety of environmental
and personal factors, such as stress, drug use, the age at which they start smoking, and
their family’s economic level [14,15]. A study on the environmental factors influencing
smoking defined sudden changes in the environment, such as changes in the family and
limited resources, as “context effects”; the COVID-19 pandemic can also be seen as a con-
text effect that impacted adolescent smoking behavior [16]. The need for belonging to a
peer group, the need for attention, surveillance by parents or family members, and family
features such as family members’ smoking is known to be related not only to adolescent
smoking behavior but also to the type of tobacco used [1,17,18]. However, the COVID-19
pandemic has led to changes in these factors and their effects on smoking [8]. Shutdowns
and social distancing have made it difficult for adolescents to meet with their peers; they
have spent more time at home with temporary school interruptions or repeated school
closures [8,19].

One of the significant environmental factors influencing adolescents’ smoking be-
havior is the type of residence, including who they cohabit with, their relationship with
their cohabitants, and the physical type of living space [8,18,20,21]. Adolescents who do
not live with their parents or family members have a higher risk of smoking due to a lack
of care and surveillance by guardians, and those who live with family members have a
higher risk of smoking if someone smokes at home [8,22,23]. Cohabitation with family
members or relatives also lowers adolescents’ risk of smoking because it provides stability
in the family structure due to the presence of a primary guardian [21]. In addition, when
sharing a living space, such as cohabitation with others or living in a group residential
facility, there are formal or informal regulations for the non-smoking zone, which affects
the type of tobacco which is used [4,24,25].

In 2019, COVID-19 spread worldwide after it was discovered with pneumonia of an
unknown cause, followed by the World Health Organization declaring a pandemic, the
highest level of infectious disease risk. Given the restrictions imposed to prevent the
spread of infection in the early stages of the pandemic, the use of e-cigarettes among ado-
lescents was expected to decrease; however, this trend continues to increase [7]. According
to the Korea Disease Control and Prevention Agency report, the smoking rate of adoles-
cents in 2021 was 6.0% in males and 2.9% in females, similar to that of 2020, but the use of
liquid e-cigarettes increased by 1.0% in males (from 2.7 percent to 3.7%) and 0.8% in fe-
males (from 1.1% to 1.9%) [26]. Since the outbreak of COVID-19, studies on the types of
tobacco used and residence of adolescent smokers have focused primarily on whether
they cohabitate with parents or family members [8,19]. However, the type of residence
varies widely [24]. Considering the relevance of the type of residence to the type of tobacco
used [24,25,27], it is necessary to understand the relationship between these two factors in
the context of the COVID-19 pandemic. Accordingly, this study compared pre- and post-
COVID-19 periods to understand the contextual characteristics of the pandemic and the
impact of the residence type of adolescent smokers on the type of tobacco used.
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2. Materials and Methods
2.1. Data, Design, and Participants

This cross-sectional study analyzed data from the Korea Youth Risk Behavior Web-
Based Survey (KYRWBS) in 2019 and 2020 to examine the impact of the type of residence
on the type of tobacco used by adolescents. The KYRWBS is a national survey conducted
annually in South Korea to understand the status and trends of adolescents’ health behav-
iors. Participants were selected from 400 high schools across the country using a stratified
two-stage cluster sampling method. In Stage 1 sampling, the sample schools were selected
by systematic sampling based on a list of schools that comprised the main population,
followed by Stage 2 sampling, in which one class per grade was randomly selected per
sampled school. The survey was conducted anonymously online.

This study included survey data from June 2019 and from August to November 2020
to compare the pre- and post-COVID-19 periods. There were 57,303 participants in the
2019 survey and 54,948 in 2020. Adolescents who responded that they had smoked within
the last month to the question regarding whether they smoked were included in the study,
and then classified according to the type of tobacco they smoked. First, those who reported
only smoking cigarettes were classified as “cigarette users,” and those who reported
smoking only e-cigarettes were classified as “e-cigarette users”; participants who reported
smoking using both cigarettes and e-cigarettes were classified as “dual users.”

In 2019, there were a total of 3774 adolescent smokers, comprising 1817 cigarette us-
ers (47.2%), 298 e-cigarette users (8.2%), and 1659 dual users (44.6%). In 2020, there were
2575 adolescent smokers, including 1407 cigarette users (54.5%), 205 e-cigarette users
(8.8%), and 963 dual users (36.6%).

2.2. Variables

The independent variable in this study was the type of residence. The survey re-
spondents were asked “What is your current type of residence?”. The responses were as
follows: living with family, living in a relative’s house, living in a boarding house or living
alone, living in a dormitory, and living in childcare facilities (orphanages, social welfare
facilities, or nursery schools). These data were categorized into: (1) living with family or
relatives, (2) living alone or in a boarding house, and (3) living in a dormitory or orphan-
age.

The dependent variable was the type of tobacco used, which was classified as ciga-
rettes, e-cigarettes, and mixed (dual) use, according to the type used in the last 30 days.

In this study, variables known to affect adolescents” choice of tobacco use were used
as correction variables to determine the relationship between the dependent and inde-
pendent variables. The correction variables were: sex; age; perceived family’s economic
status; stress; sexual experience; substance use; treatment for violence-related injuries; ex-
posure to secondhand smoke at home, school, and public places; ease of the purchase of
cigarettes; the age at the first smoking experience; the average number of days they
smoked in the last 30 days; and smoking cessation attempts [8,14,18,23]. The family’s per-
ceived economic status was measured on a 5-point scale from “very high” to “very low.”
Perceived health status was measured on a 5-point scale from “very healthy” to “very
unhealthy.” Stress was measured on 5-point scale as the degree to which a participant felt
stressed in a common day, ranging from “very low” to “very high”. Regarding sexual
experience and treatment for violence-related injuries, data were collected from the
KYRWBS based on the presence or absence of corresponding experiences in the last 12
months. Data on the exposure to secondhand smoke at home, school, and public places
were obtained from the KYRWBS based on the experience of the last 7 days. As for the
ease of the purchase of cigarettes in the last 30 days, the initial responses were “It was
impossible to buy cigarettes,” “I could buy cigarettes with a lot of effort,” “I could buy
cigarettes with a little effort,” or “I could easily buy cigarettes without effort.” These data
were recategorized into “Impossible,” “Possible with efforts,” and “Easily possible.” For
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the age at the first smoking experience, data were assessed on a 13-point scale from “be-
fore entering elementary school” to “third year of high school” and recategorized as “un-
der 13 years of age” and “over 13 years of age,” based on the national average age of the
first smoking experience (13 years) [28]. The average number of smoking days in the last
month was measured as “1-2 days per month,” “3-5 days per month,” “6-9 days per
month,” “10-19 days per month,” “20-29 days per month,” and “every day.” Smoking
cessation attempts were assessed based on whether or not there were any attempts to quit
smoking in the last 12 months.

2.3. Statistical Analysis

As the survey data were extracted using a complex sample design, stratification var-
iables, clusters, and weights were included in the analysis, and the finite population cor-
rection coefficient and equiprobability sampling without replacement were used as the
standard error estimation method. SPSS Statistics 25.0 software (IBM Corp., Armonk, NY,
USA) was used for the analysis.

The difference in correction variables according to the type of tobacco used by survey
year was analyzed based on the complex sample general linear model and the Rao—Scott
chi-square test. In addition, univariate and multivariate logistic regression analyses were
used to determine the effect of the adolescents’ type of residence on the type of tobacco
used. The significance level was set to less than 0.05.

3. Results
3.1. Participants’ Characteristics by Tobacco Type

The analysis of the participants’ characteristics for each type of tobacco for both sur-
vey years is described below.

In 2019, the most common residence type was “living with family or relatives”
(96.3%), followed by “living in a dormitory or orphanage” (4.3%), and “living alone or in
a boarding house” (2.4%). An analysis of the participants’ characteristics by tobacco type
revealed significant differences between all variables (p < 0.001; Table 1).

Table 1. Characteristics of participants by tobacco type/form before the COVID-19 pandemic (2019).
(n="3774, N = 183,678).

Variable Total (n=3774, Cigarette (n = E-Cigarette (n = Dual Use (n =
N=183678)  1817,N=86688) 298 N=15060) 1659, N=81930) torF* p
1 (N%) or M(SD) 1 (N%) or M(SE) 1 (N%) or M(SE) 1 (N%) or M(SE)
Age (year) 1597  (0.04) 1592 (0.04) 1549  (0.11) 1611 (0.04) 36598  <0.001
Sex Male 1070 (27.1%) 1191 (33.4%) 236 (334%) 1277 (21.8%) 67.67  <0.001
Female 2704 (72.9%) 626 (66.6%) 62 (66.6%) 382 (78.2%)
Perceived family’s =y 1o 214 (52%) 80 (3.9%) 21 (6.4%) 113 (6.4%) 5396 <0.001
economic status
Low 565 (14.1%) 285  (14.4%) 44 (15.1%) 236 (13.6%)
Middle 1632 (44.1%) 846  (47.4%) 107 (36.9%) 679 (42.0%)
High 884 (23.7%) 436 (24.7%) 75 (25.3%) 373 (22.2%)
Very high 479 (12.9%) 170 (9.5%) 51 (16.4%) 258  (15.8%)
Percelvefu};ealth St Very unhealthy 66 (1.8%) 20 (1.2%) 8 (2.7%) 38 (2.2%) 3831 <0.001
Unhealthy 314 (8.3%) 158 (8.6%) 24 (82%) 132 (7.9%)
Average 847 (22.0%) 420 (23.1%) 58 (18.2%) 369 (21.7%)
Healthy 1409  (38.1%) 736 (41.3%) 103 (36.3%) 570 (35.0%)
Very healthy 1138 (29.9%) 483 (25.8%) 105 (34.6%) 550  (33.3%)
Stress Very low 151 (3.9%) 43 (23%) 26 (7.9%) 82 (4.8%) 4442 <0.001
Low 495 (13.5%) 236 (13.5%) 54 (18.1%) 205 (12.7%)
Moderate 1301 (34.1%) 634 (34.1%) 94 (32.8%) 573 (34.2%)
High 1090 (29.3%) 561 (31.5%) 65 (21.6%) 464 (28.4%)
Very high 737 (19.2%) 343 (18.6%) 59 (19.6%) 335 (19.9%)
Sexual intercourse No 2505  (66.3%) 1350 (74.3%) 216 (71.4%) 939  (56.9%) 120.21  <0.001
Yes 1269 (33.7%) 467 (25.7%) 82 (28.6%) 720 (43.1%)
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Substance use No 3546 (93.9%) 1772 (97.7%) 242 (812%) 1532 (92.2%) 13881 <0.001
Yes 228 (6.1%) 45 (2.3%) 56 (18.8%) 127 (7.8%)
Treatment for vio- () 3421 (90.6%) 1729 (95.2%) 20 (739%) 1472 (88.7%) 15264 <0.001
lence-related injuries
Yes 353 (9.4%) 88 (4.8%) 78 (26.1%) 187 (11.3%)
Exposure to
secondhand smoke  No 2103 (56.3%) 1066 (59.6%) 147  (50.1%) 890 (53.8%) 1713  <0.001
at home
Yes 1671 (43.7%) 751 (40.4%) 151 (49.9%) 769 (46.2%)
Exposure to
secondhand smoke  No 2404  (63.2%) 1266 (69.2%) 162 (55.7%) 976  (58.1%) 5358  <0.001
at school
Yes 1370 (36.8%) 551 (30.8%) 136 (44.3%) 683 (41.9%)
Exposure to
secondhand smoke  No 1318  (34.4%) 698 (37.3%) 120 (41.2%) 500 (30.2%) 2584  <0.001
at public places
Yes 2456 (65.6%) 1119  (62.7%) 178 (58.8%) 1159  (69.8%)
Ease of Ccf:;:tte PU Easy 998 (41.7%) 323 (33.1%) 65  (46.6%) 610  (47.5%) 5659  <0.001
Difficult 1053 (42.8%) 465 (46.9%) 59 (42.8%) 520 (39.8%)
Impossible 376  (15.4%) 203 (20.0%) 16 (10.7%) 157 (12.6%)
Im“af:flo‘fesg oking 1, 3227 (86.0%) 1664 (92.0%) 215 (723%) 1348 (82.2%) 12786 <0.001
Yes 547 (14.0%) 153 (8.0%) 83 (27.6%) 311 (17.8%)
Average number of
smoking days per  1-2 1309 (34.3%) 508 (27.3%) 141 (46.9%) 660  (39.4%) 228167  <0.001
month
3~5 503 (15.2%) 211 (11.0%) 48 (15.6%) 334 (19.7%)
6~9 350  (9.5%) 130 (7.0%) 39 (12.7%) 181 (11.5%)
10~19 351 (9.4%) 186 (10.6%) 24 (9.5%) 141 (8.1%)
20~29 250 (6.7%) 154 (8.8%) 1 (41%) 85  (5.1%)
30 921 (24.8%) 628 (35.3%) 35 (11.2%) 258 (16.1%)
Smoking cessation 1189 (31.7%) 553 (30.7%) 129 (42.0%) 507 (30.8%) 419522 <0.001
attempts
Yes 2585 (68.3%) 1264  (69.3%) 169 (58.0%) 1152 (69.2%)
Thetypeofliving - Living withfam- 5 o g5 300 1711 (04.6%) 258 (86.6%) 1527  (93.2%) 4675  <0.001
residence ily or relative
Living alone or
living in a 94 (2.4%) 32 (1.8%) 24 (7.7%) 38 (2.0%)
boarding house
Living in a dor-
mitory or or- 184  (4.3%) 74 (3.5%) 16 (5.7%) 94  (4.8%)
phanage

n = unweight sample size; N = weight sample size; N% = weighted %; M = mean; SD = standard
deviation; * calculated by Rao-Scott x? test.

The dual use group was the oldest, with an average age of 16.11 years. Male adoles-
cents accounted for the highest proportion in all three groups based on tobacco type, par-
ticularly in the dual use group (78.2%). Regarding the perceived family’s economic status,
both the e-cigarette and dual use groups reported the highest proportion of participants
in the “very low” level (6.4%), and the e-cigarette group reported the highest proportion
in the “very high” level (16.4%). Regarding the perceived health status, among the three
groups, the highest percentage of participants reported a “very unhealthy” and “very
healthy” status in the e-cigarette group (2.7% and 34.6%, respectively). As for stress, the
e-cigarette group (7.9%) and the dual use group (19.9%) reported the highest percentage
of participants with “very low” and “very high” levels of stress, respectively. The dual
use group had the highest rate of sexual experience (43.1%) and the e-cigarette group had
the highest rate of drug use (18.8%). The rate of treatment for violence-related injuries was
the highest in the e-cigarette group (26.1%). Secondhand smoke exposure at home and
school was the highest in the e-cigarette group (49.9% and 44.3%, respectively), while
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secondhand smoke exposure in public places was highest in the dual use group (69.8%).
Regarding the ease of purchasing cigarettes, the most frequent response in the dual use
group was “easy” (47.5%), while “difficult” and “impossible” were the most frequent re-
sponses in the cigarette group (46.9% and 20.0%, respectively). The highest rate for the
first smoking experience under the age of 13 was reported by the e-cigarette group
(27.6%). Furthermore, the largest proportion of cigarette users had an average number of
30 smoking days in the last 30 days (35.3%), while the highest percentage of the e-cigarette
group (46.9%) and the dual use group (39.4%) had 1-2 days. Attempts to quit smoking
were highest in the cigarette group (69.3%).

In 2020, the most common type of residence was living with family or relatives, re-
ported by 2390 (93.1%) participants, followed by living in a dormitory or orphanage (128;
4.6%), and living alone or in a boarding house (57; 2.3%). Regarding the characteristics of
the participants by tobacco type/form, stress was the only variable that was not signifi-
cantly different (p = 0.598; Table 2).

Table 2. Characteristics of participants by tobacco type/form during the COVID-19 pandemic (2020).
(n=2575, N = 122,347).

Total (n=2575, Cigarette (n = E-Cigarette (n = Dual Use (n =
Variable N=122,347) 1407, N=66,716) 205, N=10,808) 965, N =44,823) tor F* p
n (N%) or M n (N%) or M n (N%) or M n (N%) or M
(SD) (SD) (SD) (D)
Age (year) 16.29  (0.03) 16.35 (0.05) 15.89 (0.11) 16.30  (0.05) 326.62 <0.001
Sex Male 1803  (71.3%) 954  (68.8%) 150 (73.7%) 699  (74.4%) 9.42 0.009
Female 772 (28.7%) 453  (31.2%) 55  (26.3%) 264 (25.6%)
Perceived family’s ;o =10, 307 (12.1%) 70 (4.6%) 10 (3.9%) 65 (6.7%) 214 0.006
economic status
Low 641  (25.9%) 223 (15.5%) 24 (10.2%) 137 (13.3%)
Middle 1098 (42.4%) 620 (43.5%) 92 (46.8%) 386 (39.7%)
High 641  (25.9%) 347  (25.7%) 59  (28.7%) 235 (25.5%)
Very high 307 (12.1%) 147 (10.7%) 20 (10.5%) 140 (14.7%)
Perceived health sta-  Very un- o o o o
fus healthy 32 (1.4%) 8 (0.8%) 1 (0.3%) 23 (2.6%) 33.15 <0.001
Unhealthy 225 (9.1%) 122 (9.2%) 17 (9.0%) 86 (9.1%)
Average 599 (23.2%) 334 (23.7%) 50  (23.7%) 215 (22.5%)
Healthy 920 (35.4%) 530 (38.0%) 58 (27.4%) 332 (33.5%)
Very 0 0 9 9
healthy 799  (30.8%) 413 (28.4%) 79 (39.6%) 307 (32.2%)
Stress Very low 99  (3.7%) 45  (3.1%) 12 (4.8%) 42 (4.3%) 6.68 0.598
Low 372 (14.7%) 207 (14.3%) 34 (17.4%) 131 (14.6%)
Moderate 928  (35.7%) 513 (36.1%) 71 (35.3%) 344  (35.4%)
High 765 (30.1%) 427 (31.2%) 59 (28.0%) 279 (28.9%)
Very high 411 (15.8%) 215 (15.2%) 29 (14.6%) 167 (16.9%)
Sexual intercourse No 1694  (65.3%) 984  (69.9%) 148  (72.9%) 562  (56.7%) 49.94 <0.001
Yes 881 (34.7%) 423 (30.1%) 57 (27.1%) 401 (43.3%)
Substance use No 2496  (97.1%) 1371 (97.8%) 199  (97.4%) 926  (96.1%) 5.93 0.043
Yes 79 (2.9%) 36 (22%) 6 (2.6%) 37 (3.9%)
Treatment for vio- 2426 (944%) 1366 (97.1%) 168 (828%) 892 (93.3%) 80.80  <0.001
lence-related injuries
Yes 149 (5.6%) 41 (2.9%) 37 (17.2%) 71 (6.7%)
Exposure to
secondhand smoke  No 1756  (69.3%) 989  (71.1%) 125 (62.3%) 642 (68.2%) 7.84 0.033
at home
Yes 819  (30.7%) 418 (28.9%) 80 (37.7%) 321  (31.8%)
Exposure to
secondhand smoke  No 2106 (81.6%) 1219 (86.1%) 150  (75.3%) 737 (76.3%) 43.12 <0.001
at school
Yes 469  (18.4%) 188  (13.9%) 55 (24.7%) 226 (23.7%)
Exposure to
secondhand smoke ~ No 1069  (41.4%) 644 (44.9%) 83 (42.7%) 342 (36.0%) 18.65  <0.001

at public places
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Yes 1506 (58.6%) 763 (55.1%) 122 (57.3%) 621 (64.0%)
Base of Zf:srjtte PU™ Basy 683 (43.7%) 301 (37.9%) 28 (38.8%) 354 (50.9%) 3134 <0001
Difficult 663 (42.7%) 351 (45.4%) 35 (49.8%) 277 (38.8%)
Impossible 227 (13.6%) 142 (16.7%) 8 (114%) 77 (10.3%)
Initiation of smoking 2152 (83.6%) 1231 (87.4%) 162 (80.3%) 761 (79.0%) 4342 <0.001
before 12
Yes 421 (16.3%) 176 (12.6%) 43 (19.7%) 202 (21.0%)
Average number of
smoking days per  1-2 792 (30.5%) 301 (21.2%) 73 (36.3%) 418 (42.9%) 314673 <0.001
month
3-5 208 (11.1%) 110 (7.3%) 37 (18.3%) 151 (15.2%)
6-9 222 (8.0%) 89 (5.6%) 23 (10.0%) 110 (11.1%)
10~19 280 (11.6%) 146 (11.7%) 32 (14.7%) 102 (10.7%)
20~29 166 (6.4%) 114 (7.7%) 14 (7.4%) 38 (4.2%)
30 817 (32.3%) 647 (46.5%) 26 (13.2%) 144 (159%)
Smoking cessation 805 (31.8%) 415 (29.9%) 100 (47.4%) 290 (30.8%) 285501 <0.001
attempts
Yes 1770 (68.2%) 992 (70.1%) 105 (52.6%) 673 (69.2%)
Living
Thetypeofliving  withfam-— 05, o310y 1344 (95.8%) 174 (853%) 872 (90.8%) 5665  <0.001
residence ily or rela-
tive
Living
alone or
living in a 57 (2.3%) 13 (0.9%) 14 (7.4%) 30 (3.2%)
boarding
house
Living in a
dormitory o o o N
ororphan. 125 (46%) 50 (3.2%) 17 (7.3%) 61 (6.0%)
age

n = unweight sample size; N = weight sample size; N% = weighted %; M = mean; SD = standard
deviation; * calculated by Rao-Scott x> test.

The cigarette use group was the oldest, with an average age of 16.35 years. The pro-
portion of male adolescents was the highest among all types of tobacco users, particularly
in the dual use group (74.4%) compared with the other groups (p < 0.001). As for the per-
ceived family’s economic status, “very low” and “very high” were reported by the highest
proportion of participants in the dual use group (6.7% and 14.7%, respectively). The pro-
portion of participants who reported a “healthy” perceived health status was the highest
in the cigarette group and the dual use group, while the e-cigarette group (39.6%) had the
highest percentage of participants with a “very healthy” status. A “very unhealthy” life-
style was reported by the highest proportion of participants in the dual use group (2.6%).
“very low” and “very high” levels of stress were reported by the highest percentage of
participants in the e-cigarette group (4.8%) and the dual use group (16.9%), respectively.
The dual use group reported the highest rate of sexual experiences (43.3%), while the e-
cigarette group reported the highest rate of substance use (3.9%). The rate of treatment for
violence-related injuries was the highest in the e-cigarette group (95.2%). An exposure to
secondhand smoke at home and school was highest in the e-cigarette group (37.7% and
24.7%, respectively). An exposure to secondhand smoke in public places was highest in
the dual use group (64.0%). Regarding the ease of purchasing cigarettes, “easy” was the
most frequent response in the dual use group (50.9%). However, responses of “difficult”
and “impossible” were the highest in the e-cigarette group (49.8%) and cigarette group
(16.7%), respectively. The first experience of smoking under the age of 13 was the highest
in the e-cigarette group (19.7%). In addition, the highest proportion of participants in the
cigarette group had an average of 30 smoking days in the last 30 days (46.5%), while the
e-cigarette group (36.3%) and the dual use group (42.9%) mostly had 1-2 days. The num-
ber of attempts to quit smoking was highest in the cigarette group (70.1%).
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3.2. Impact of Participants’ Type of Residence on Tobacco Type during the COVID-19 Pandemic

To determine the relationship between the type of residence and type of tobacco dur-
ing the COVID-19 pandemic, data from the pre-pandemic (2019) and pandemic period
(2020) were analyzed. The results are as follows.

The results of the analysis of data from 2019 are shown in Table 3. In the univariate
logistic regression analysis, where only the type of residence was taken as the independ-
ent variable, the risk of using e-cigarettes was higher in the group living alone or living in
a boarding house than in the group living with family or relatives (OR =4.59, 95%CI=2.64-
7.97). However, in the multivariate logistic analysis that corrected the variables affecting
the type of tobacco, the type of residence had no significant effect on the type of tobacco
used (Table 3).

The results of the data from 2020 are shown in Table 4. In the univariate analysis, in
which the type of residence was the only independent variable, the group living alone or
living in a boarding house had a higher risk of using e-cigarettes (OR =9.08, 95% CI [4.07-
20.25]) and of dual use (OR = 3.70, 95%ClI [1.81-7.54]) rather than cigarettes, compared
with the group living with family or relatives. In addition, living in a dormitory or or-
phanage, compared with living with family or relatives, was associated with a higher risk
of e-cigarette use (OR = 2.52, 95%CI [1.42—4.45]) and dual use (OR = 1.95, 95%ClI [1.27-
2.99]). In the multivariate logistic analysis that corrected the variables influencing the type
of tobacco, the group living alone or living in a boarding house had a higher risk of using
e-cigarettes (OR = 6.49, 95%CI [2.06-20.45]) rather than cigarettes compared with the
group living with family or relatives. In addition, living in a dormitory or orphanage was
associated with a higher risk of dual use than cigarette use (OR =2.09, 95%CI [1.13-3.84])

Table 3. The impact of the type of residence of the participants before the COVID-19 pandemic
(2019) on the type of tobacco.

Unadjusted (Ref. Cigarette) Adjusted * (Ref. Cigarette)
Characteristics Categories E-Cigarette Dual Use E-Cigarette Dual Use
OR  95% CI p OR  95%CI p OR 95%CI p  OR 95% CI P
The type of liv- Living with family 1 1

ing residence or relative

Living alone or liv-

L . 45 (2.64- <0.0 11 0.66- 06 22 (095- 00 07
ing in a boarding

9 7.97) 01 1 18 8 3 525 66 2 (0-347156) 0408

house
Living ina dormi- 1.7 (0.98- 0.05 13 (0.98- 0.0 08 (0.31- 06 07
.38-1.4 .
tory or orphanage 7 3.20) 9 9 1.99) 67 1 2.11) 65 5 (0.38-145) 0385

Nagelkerke R2=0.010, Cox and Snell R? = 0.009 Nagelkerke R2=0.373, Cox and Snell R? = 0.307
Ref. = reference group; OR = odd ratio; CI = confidence interval; * adjusted age, sex, perceived fam-
ily’s economic status, perceived health status, stress, sexual intercourse, substance use, treatment
for violence-related injuries, exposure to secondhand smoke at home, exposure to secondhand
smoke at school, exposure to secondhand smoke at public places, ease of cigarette purchase, initia-
tion of smoking before 12, average number of smoking days per month, and smoking cessation
attempt.
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Table 4. Impact of the residence type of the participants on tobacco type during the COVID-19
pandemic (2020).

Unadjusted (Ref. Cigarette) Adjusted * (Ref. Cigarette)
Ch.arjac- Categories E-Cigarette Dual Use E-Cigarette Dual Use
teristics OR 95%CI p OR 95%CI p OR  95%CI p  OR 95% CI p
Livin
The' t}./'pe with fasr;n—
of living ily or rela- 1 1
residence .
tive
Living
almeor o5 4oz- <00 37 (18- 000 64 (206~  0.00
1;‘2;%;2; 8 2025y 01 0 754 0 9 20.45) g 26 (09375 0.068
house
Living in a
dormitory 2.5 (1.42- 0.00 1.9 (1.27- 0.00 2.0 0.11
ororphan- 2 4.45) ) 5 2.99) ) 3 (0.83-4.92) 9 2.09 (1.13-3.84) 0.018
age
Nagelkerke R2=0.023, Cox and Snell R2=0.019 Nagelkerke R2=0.400, Cox and Snell R2 = 0.325

Ref. = reference group; OR = odd ratio; CI = confidence interval; * adjusted age, sex, perceived fam-
ily’s economic status, perceived health status, stress, sexual intercourse, substance use, treatment
for violence-related injuries, exposure to secondhand smoke at home, exposure to secondhand
smoke at school, exposure to secondhand smoke at public places, ease of cigarette purchase, initia-
tion of smoking before 12, average number of smoking days per month, and smoking cessation
attempt.

4. Discussion

The number of adolescent smokers in this study was lower during the COVID-19
pandemic (2020) than in the pre-COVID-19 period (2019). These findings are consistent
with a number of studies analyzing changes in adolescent smoking rates before and dur-
ing the COVID-19 pandemic [16]. Adolescents usually smoke outside the home in the ab-
sence of parents and family or while meeting with peers [17]. However, the shutdowns
and social distancing measures imposed due to COVID-19 resulted in reduced smoking
rates in adolescents due to an increased amount of time spent at home and difficulty in
getting together with peers [16]. Thus, the results of this study could be attributable to the
fact that the largest proportion of participants lived with their families and spent an in-
creased amount of time at home due to social distancing, leading to a reduction in oppor-
tunities to smoke.

In this study, the pre-COVID-19 analysis showed that the relationship between the
type of residence and the type of tobacco used by adolescent smokers was not significant;
however, the data collected during the COVID-19 pandemic showed a significant rela-
tionship. A previous study showed that parental surveillance of adolescent smoking was
significantly associated with the use of cigarettes, but not with e-cigarette use, as it is dif-
ficult for parents to notice smoking behavior in the case of e-cigarettes [29]; the lack of a
significant relationship between the type of residence and type of tobacco in this study in
the pre-COVID-19 analysis may be due to these factors. Although parental surveillance
reduces adolescent smoking, it may not be appropriate to describe the characteristics of
cohabitants and the residence type from the same perspective because the majority of ad-
olescent smoking occurs outside the home [17], and the time they spend at home decreases
[22]. In addition, previous studies used non-smokers as a reference group to identify the
risk of the type of tobacco used [22,29,30], whereas this study only included adolescents
who smoked and considered cigarettes users as the reference group. Taken together, ad-
olescents spent more time outside the home than inside before the COVID-19 pandemic.
Compared to cigarettes, the use of e-cigarettes is relatively easier for sole and dual users
in terms of regulations in non-smoking zones [12].
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This study found a significant relationship between the type of tobacco used by ado-
lescents and the type of residence during the COVID-19 pandemic. Specifically, adoles-
cents living alone or living in a boarding house showed a higher risk of using e-cigarettes
than adolescents living with family members or relatives. Additionally, the risk of dual
use was higher in adolescents living in dormitories or orphanages (social welfare facilities)
than in those living with family members or relatives. The relationship between the type
of residence and type of tobacco used may have been influenced by the following factors.

The results of this study showed that adolescents who were living alone or living in
a boarding house had the highest risk of using e-cigarettes alone compared to other types
of residence. Students living with their families or living in dormitories needed to follow
the respective norms or rules, whereas, those living alone or living in a boarding house
are independent of such discipline [31]. In addition to cohabitation with family members,
social relationships and the sharing of physical spaces in the residence affects adolescent
smoking, including e-cigarettes, because these factors serve to survey and control adoles-
cent smoking [32]. It has been shown that adolescents considered using e-cigarettes less
or quitting smoking because of the difficulty of visiting retailers or receiving deliveries as
their parents were more likely to be home [8], while adolescents who were living alone or
living in a boarding house were believed to be free from the surveillance and control of
their cohabitants. In addition, it is highly difficult to perform surveillance on the purchase
of e-cigarettes because, in addition to purchases through retail stores, which is the tradi-
tional method of purchasing cigarettes, e-cigarettes are purchased online or through
friends [8]. The following environmental factors may also promote the use of e-cigarettes
among adolescents: the explosive increase in online e-cigarette retailers in 2020 [3], the
advertisement of e-cigarettes as a means of relieving boredom when spending time at
home due to COVID-19 [33], and the choice of a variety of fragrances and designs based
on their own preferences, making it a kind of symbolic product [4].

The risk of dual use in adolescents living in dormitories or orphanages (social welfare
facilities) was higher than that in those living with family members or relatives. Stronger
regulations for smoking in residential spaces reduces adolescent smoking [22]. However,
it is not difficult to use e-cigarettes in public because they do not produce visible smoke,
which is the main reason why smokers choose e-cigarettes [12]. Adolescents smokers are
also well aware that it is difficult for others to monitor e-cigarettes because they differ in
appearance from typical cigarettes; therefore, they often choose e-cigarettes for smoking
in classrooms or public places [4]. Since there are no studies on the use of e-cigarettes
among adolescents living in group housing, it is difficult to compare them directly. How-
ever, a study of college students showed that monitoring the smell and smoke of flamma-
ble cigarettes is used as a means of social control, which has an impact on reducing smok-
ing [34]. In most shared residences, non-smoking regulations are imposed around ciga-
rettes [25]. A study showed that a significant proportion of students living in dormitories
used e-cigarettes, which influenced the choice of smokers or non-smokers living with
them to use e-cigarettes [35]. In addition, adolescents tend to buy cigarettes in advance to
prepare for unexpected situations because the purchase of cigarettes is not legal [8], and
such uncertainties in purchase opportunity may have manifested in the dual use of ciga-
rettes and e-cigarettes. Taken together, adolescents in dormitories or orphanages (social
welfare facilities) are at an increased risk of dual use due to the combined effects of the
aforementioned regulations and surveillance of institutions, social control and peer pres-
sure, and uncertainty in the purchase of cigarettes. E-cigarette users are less aware of the
need to include e-cigarettes in prohibiting smoking in communal living spaces than non-
e-cigarette users [25]. Therefore, it is necessary to inform e-cigarette users of the risk of
secondary smoking in a communal living space. A study of college students living in dor-
mitories found that e-cigarettes are influenced by social norms, so it is necessary to mon-
itor the co-residents’ use of e-cigarettes among each other and inform the co-residents’
perception of non-smoking areas to e-cigarette users. Thus, efforts should be made to pro-
vide information on the characteristics of new cigarettes in shared residential facilities
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where young people reside, educate them about the harm caused by the use of e-ciga-
rettes, and formulate regulations for smoking cessation, including the use of e-cigarettes,
in shared residential facilities.

Although this study did not directly measure the factors related to the type of resi-
dence and had the usual limitations of a cross-sectional study, it showed that changes
related to the COVID-19 pandemic affected smoking behavior and the type of tobacco
used. While this study is significant in identifying the relationship between the type of
residence and the type of tobacco used by adolescents in the context of the COVID-19
pandemic, it has the following limitations. First, although this study explained that the
type of residence included the characteristics of cohabitants and the spatial aspect of
shared residential facilities, it did not include variables that directly measured the family’s
surveillance and attention to adolescents, adolescents’ relationship with their cohabitants,
quantitative measurement of the time spent in the residence, cigarette use in the residence,
and the mode of cigarette purchase. Thus, future studies should investigate and analyze
various variables related to the type of residence. Second, factors other than the correction
variables used in this study, such as the composition of cohabitants, type of cigarette used,
and type of cigarette used by friends, may influence smoking behavior. Third, since this
study analyzed cross-sectional survey data, it was not possible to examine changes in the
type of tobacco used by adolescents before and during the COVID-19 pandemic. Thus,
although the study explains the difference in the types of tobacco used according to the
type of residence before and during the pandemic, it cannot explain changes in the type
of tobacco used.

5. Conclusions

Although the COVID-19 pandemic was expected to reduce smoking among adoles-
cents, the use of e-cigarettes by adolescents has continued to increase. Changes in the type
of residence and an increase in the time spent at home, due to shutdowns and remote
classes implemented to prevent the spread of COVID-19, has affected adolescent smoking.
This study compared data before and during the COVID-19 pandemic to investigate the
relationship between the type of residence and tobacco used among adolescent smokers.
The results showed that adolescents living in dormitories or orphanages (social services)
had a higher risk of dual use than those living with family members or relatives, whereas
the use of e-cigarettes alone was higher among adolescents living alone or living in a
boarding house compared with those living with family members or relatives. Thus, var-
ious factors related to the type of residence had a combined effect on smoking behavior
and the type of tobacco used. Therefore, it is important to pay attention to the character-
istics of the type of residence that affects adolescent smoking in situations where social
isolation is required, such as the outbreak of a novel infectious disease.
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