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Abstract

Background Although smoking is classified as a risk factor for severe COVID-19 outcomes, there is a scarcity of studies on
prevalence of smoking during the COVID-19 pandemic. Thus, this study aims to analyze the trends of prevalence of smok-
ing in adolescents over the COVID-19 pandemic period.

Methods The present study used data from middle to high school adolescents between 2005 and 2021 who participated in
the Korea Youth Risk Behavior Web-based Survey (KYRBS). We evaluated the smoking prevalence (ever or daily) by year
groups and estimated the slope in smoking prevalence before and during the pandemic.

Results A total of 1,137,823 adolescents participated in the study [mean age, 15.04 years [95% confidence interval (CI)
15.03-15.06]; and male, 52.4% (95% CI 51.7-53.1)]. The prevalence of ever smokers was 27.7% (95% CI 27.3-28.1)
between 2005 and 2008 but decreased to 9.8% (95% CI19.3-10.3) in 2021. A consistent trend was found in daily smokers, as
the estimates decreased from 5.4% (95% CI 5.2-5.6) between 2005 and 2008 to 2.3% (95% CI 2.1-2.5) in 2021. However,
the downward slope in the overall prevalence of ever smokers and daily smokers became less pronounced in the COVID-19
pandemic period than in the pre-pandemic period. In the subgroup with substance use, the decreasing slope in daily smokers
was significantly more pronounced during the pandemic than during the pre-pandemic period.

Conclusions The proportion of ever smokers and daily smokers showed a less pronounced decreasing trend during the
pandemic. The findings of our study provide an overall understanding of the pandemic’s impact on smoking prevalence in
adolescents.
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Introduction lives over the past three years [1-3]. With the prolonged

pandemic, many studies have been carried out to discover
The global pandemic of the novel coronavirus disease 2019 risk factors for severe COVID-19 outcomes, with smoking
(COVID-19) caused by the severe acute respiratory syn- being identified as an important risk factor [4,5]. Smoking

drome coronavirus 2 (SARS-CoV-2) virus has affected daily ~ can accelerate the entry of angiotensin-converting enzyme-2
(ACE-2) receptor-mediated virus by stimulating the ACE-2

receptor in COVID-19, leading to worse outcomes [6]. How-

D< Seung Won Lee ever, despite the increased risk due to smoking, there are
1sw2920@gmail.com limited data on smoking prevalence during the pandemic,
04 Dong Keon Yon especially during 2021. Previous studies were mainly based
yonkkang @gmail.com on data from 2020, the early pandemic period, and could not
PX Sunyoung Kim evaluate the overall change throughout the pandemic [4,7].
ggutsun @khu.ac.kr Moreover, existing studies on smoking among adolescents
Extended author information available on the last page of the article during the COVID-19 period have important limitations.
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The studies were generally performed in the short term, did
not include the mid-pandemic period, or included a small
sample size; thus, further robust research is needed [8—11].
As warnings of the next COVID-19 resurgence advent, more
public health studies will be needed.

Therefore, through this study, we will examine adoles-
cents’ smoking status and make recommendations for policy
and practice. This study aimed to analyze a nationwide sur-
vey based on more than one million adolescents from 2005
to 2021 to estimate how smoking prevalence has changed
over the pandemic period in this/the latter population. The
proportion of students with experience of smoking and stu-
dents who smoked every day was compared by year group to
analyze their trends. We also evaluated whether the changes
in smoking rates showed different patterns in the groups
divided by correlative factors.

Methods
Study population and data sources

This study included data provided by the Korea Youth Risk
Behavior Web-based Survey (KYRBS) from 2005 to 2021
[12]. The KYRBS is a national representative dataset carried
out by the South Korean Ministry of Education for govern-
ment use. A two-step stratification, sample clustering, and
weights based on school and class were used when selecting
the study population. It is based on national representative
sampling and approximates the total adolescent population
of South Korea [12—-14]. The serial survey enrolled mid-
dle to high school students aged 12—18 years, and their
response rate was > 95%. Participants voluntarily submitted
the survey at their respective schools. The protocol used in
the study was approved by the Korea Disease Control and
Prevention Agency (KDCA) and Sejong University (SJU-
HR-E-2020-003). Informed written consent was obtained
from all participants at enrollment.

Endpoints

The smoking status was based on whether the participant
had ever smoked and included vaping as a form of smok-
ing. The frequency of smoking was defined by how many
days participants smoked in the past 30 days. The number
of days was categorized into seven groups (0 days, 1-2 days,
3-5 days, 6-9 days, 10-19 days, 20-29 days, every day).
The participants were asked if they had ever smoked
in their life and how often they smoked during the past
30 days. Ever smokers were defined as lifetime smokers,
and daily smokers were defined as those who had smoked
every day for the previous 30 days. The 17-year trend in
the prevalence of lifetime smoking status (ever smokers)

and everyday smoking status within the past 30 days (daily
smokers) to assess whether the COVID-19 pandemic has
altered these trends were the primary outcomes of interest.
Furthermore, the trend changes in both prevalence during
COVID-19 were evaluated based on five subgroups: sex,
grade, residence area, self-reported depressive symptoms
(sadness or despair), and self-reported substance use. The
subgroups were set to analyze whether the smoking preva-
lence appears differently depending on correlative factors.

Covariate definitions

Residential areas were classified into two groups, urban
and rural areas [15]. Urban areas included Seoul, Gyeo-
nggi, Busan, Incheon, Daegu, Daejeon, Gwangju, Ulsan,
and Sejong. Rural areas included the rest of the residential
areas, Chungbuk, Chungnam, Jeonbuk, Jeonnam, Gangwon,
Gyeongbuk, Gyeongnam, and Jeju. Three self-reported data-
sets, including parents’ educational levels, economic status,
and school performance, were also analyzed by group. Par-
ents’ educational levels were divided into three groups (high
school or lower, college or higher, and unknown) regarding
the higher educational level between parents [12,13]. Eco-
nomic status and school performance were divided into five
groups (high, middle-high, middle, middle-low, and low)
according to the participants’ data. Sadness or despair was
defined as having had these feelings during the past year.
Substance use was based on whether the participant had
experienced inhalants such as butane gas and bond, stimu-
lants, heroines, amphetamines, drugs such as cannabis, and
large amounts of tranquilizer doses. Smoking was excluded
from the definition of substance use.

Statistical analyses

The data source was the KYRBS conducted between 2005
and 2021. The KYRBS is conducted every October and thus
can significantly represent the early- and mid-COVID-19
pandemic periods. The trend of change in the ratio of ever
smokers and daily smokers was analyzed based on the strati-
fication by sex, grade, residence area, sadness or despair,
and substance use. To obtain stable estimates for prevalence,
the pre-COVID-19 period was arranged into four consecu-
tive year groups (2005-2008, 2009-2012, 2013-2016, and
2017-2019), and the COVID-19 pandemic period was
arranged into two groups (2020 and 2021). A weighted com-
plex sampling analysis was presented, followed by binary
and linear logistic regression models. The results of the
analyses are displayed as weighted odds ratios (ORs) with
95% confidence intervals (CIs) or weighted p-coefficients
with 95% ClIs [16,17]. The smoking prevalence in KYRBS
cycles was analyzed as a continuous variable set from 2005
to 2008, 2009 to 2012, 2013 to 2016, 2017 to 2019, 2020
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(early COVID-19 pandemic), and 2021 (mid-COVID-19
pandemic) in linear regression and as a categorical variable
set by last pre-pandemic (2017 to 2019) versus the COVID-
19 pandemic (2020 and 2021) in binary logistic regression.
During the progress of the analysis, those with missing val-
ues were excluded. All analyses were carried out in SAS
(version 9.4; SAS Institute Inc., Cary, NC, USA) and SPSS
(version 26.0; IBM Corp., Armonk, NY, USA). Statistical
significance was defined as a two-sided P value less than
0.05.

Patient and public involvement

None of the patients were directly involved in designing the
research questions or executing the research. They were not
asked for advice on the process of interpreting or writing
the results. We will develop a publicly available website to
inform the relevant patient community.

Results

A total of 1,137,823 adolescents were included in the
KYRBS from 2005 to 2021. Among the participants,
51.5% (n=586,132) were male, and the weighted estimate
was 52.4% (95% CI 51.7-53.1). The weighted estimate
of the mean age in adolescents was 15.04 years (95% CI
15.03-15.06), including 672,799 (weighted %, 57.8%) mid-
dle school students and 465,024 (weighted %, 42.2%) high
school students (Table 1).

The trend changes and proportion of ever smokers and
daily smokers from 2005 to 2021 are shown in Tables 2 and
3. Most prevalence in the following years steadily decreased
during every predefined period (Fig. 1a, b). However, the
downward slope in overall ever smokers and daily smok-
ers became less pronounced during the pandemic; the slope
value was —0.312 (95% CI —0.323 to —0.300) before the
pandemic and —0.123 (95% CI —0.141 to —0.105) dur-
ing the pandemic for ever smokers (B 0.189; 95% CI
0.168-0.210). For daily smokers, the rate was —0.208 (95%
CI —0.230 to —0.187) in the pre-pandemic years and —0.094
(95% CI —0.124 to —0.065) during the pandemic (B,
0.114;95% CI1 0.077-0.151).

The national weighted prevalence of ever smokers was
27.7% (95% CI1 27.3-28.1) from 2005 to 2008, but this
decreased to 10.2% (95% CI 9.7-10.7) in 2020 and 9.8%
(95% CI9.3-10.3) in 2021. The slope of years 2005-2021
trend in overall prevalence of ever smokers was consistent
in subgroups by sex (male: By, 0.082; 95% CI 0.061-0.103;
female: B, 0.407; 95% CI 0.378-0.436), grade (7-9th
grade: By 0.195; 95% CI 0.172-0.218; 10-12th grade:
Bais 0.197; 95% CI 0.167-0.227), residence area (rural:
Baigr 0.197; 95% CI 0.168-0.226; urban: Py, 0.182; 95%
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CI0.150-0.214), depressive symptoms (sadness or despair)
(without symptoms: By 0.157; 95% CI 0.132-0.182; and
with symptoms: By, 0.175; 95% CI 0.149-0.201), high-
est educational level of parents (high school or lower: B4
0.103; 95% CI 0.078-0.128; and college or higher: By,
0.134; 95% CI 0.109-0.159), and economic level (high to
middle high: B 0.180; 95% CI 0.139-0.221; and middle
to low: Py, 0.180; 95% CI 0.158-0.202). The subgroups
by substance use showed a steady decreasing trend (no use:
Bais> 0-190; 95% CI 0.168-0.212; with substance use: B gy,
—0.071; 95% CI —0.148-0.006).

The national weighted prevalence of daily smokers was
5.4% (95% CI 5.2-5.6) between 2005 and 2008, but this
decreased to 2.3% (95% CI 2.1-2.5) in 2020 and 2021
(Table 3). The slope of the 17-year trend in subgroups
showed a similar trend with that of the overall prevalence
of daily smokers, disregarding sex (male: By 0.043; 95%
CI 0.007-0.079; female: By, 0.338; 95% CI 0.304-0.372),
grade (7-9th grade: B, 0.113; 95% CI 0.061-0.165;
10-12th grade: By, 0.155; 95% CI10.113-0.197), residence
area (rural: By, 0.130; 95% CI 0.082-0.178; urban: By,
0.093; 95% CI 0.038-0.148), and depressive symptoms (i.e.,
sadness or despair) (without symptoms: Py 0.076; 95%
CI 0.033-0.119; and with symptoms: B, 0.088; 95% CI
0.045-0.131). Some subgroups defined by parents’ highest
educational level (high school or lower: B, 0.004; 95% CI
—0.040-0.048; and college or higher: By, 0.048; 95% CI
0.000-0.092) and economic status (high to middle high: B
0.040; 95% CI —0.008-0.092; and middle to low: B, 0.125;
95% CI 0.086—-0.164) did not show a significant difference
before and during the pandemic (Supplementary Figs. 1-15).
However, the subgroup of adolescents with substance use
experienced a more significant decreasing trend (no use:
Bai> 0.116; 95% CI 0.079-0.153; with substance use: By,
—0.174; 95% CI —0.266 to —0.082).

Discussion

This study analyzed the 17-year trend in the prevalence of
ever smokers and daily smokers based on nationally rep-
resentative data of adolescents in South Korea from 2005
to 2021. The overall estimated prevalence of ever smokers
and daily smokers showed a continuously decreasing trend;
however, the overall fall in the prevalence slowed down
during the pandemic (2020-2021). A consistent trend was
found in subgroups based on sex, grade, residence area, and
depressive symptoms. Meanwhile, a different pattern was
observed in the direction of the subset with substance use.
The prevalence of daily smokers with substance use during
the pandemic showed a more pronounced decreasing slope
than expected based on pre-pandemic trends. Thus, by con-
ducting a trend analysis over the long term, we evaluated
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Table 1 Baseline characteristics
of the adolescent participants
in the KYRBS, 2005-2021

Characteristics

Weighted sample, n (%) or
weighted % (95% CI)

Crude sample, n (%)
or median (IQR)

(n=1,137,823) Number
Age.y
Grade
7th-9th grade (middle school)
10th—12th grade (high school)
Sex, male
Region of residence
Rural
Urban
Smoking

The highest educational level of parents

High school or lower
College or higher
Unknown
Economic level
High
Middle-high
Middle
Middle-low
Low
School performance
High
Middle-high
Middle
Middle-low
Low
Smoking frequency
0 d/mon
1-2 d/mon
3-5 d/mon
6-9 d/mon
10-19 d/mon
20-29 d/mon
Every day
Sadness or despair

Substance use

1,137,823 (100.0)
15.04 (15.03-15.06)

57.8 (57.5-58.2)
42.2 (41.8-42.5)
52.4 (51.7-53.1)

54.1 (53.8-54.5)
45.9 (45.5-46.2)
21.3 21.1-21.5)

33.9 (33.7-34.2)
50.8 (50.5-51.1)
15.2 (15.1-15.4)

8.2 (8.1-8.2)
26.9 (26.7-27.0)
46.6 (46.4-46.7)
14.4 (14.3-14.6)
4.0 (3.9-4.0)

12.2 (12.1-12.3)
25.3 (25.2-25.4)
28.4 (28.3-28.5)
23.5 (23.4-23.6)
10.6 (10.5-10.7)

90.3 (90.2-90.5)
1.9 (1.8-1.9)
0.8 (0.8-0.8)
0.7 (0.6-0.7)
0.8 (0.8-0.9)
0.9 (0.9-0.9)
4.6 (4.5-4.7)
31.6 (31.5-31.8)
1.2 (1.1-1.2)

1,137,823
15.00 (14.00-16.00)

672,799 (59.1)
465,024 (40.9)
586,132 (51.5)

611,281 (53.7)
526,542 (46.3)
240,142 (21.1)

399,719 (35.1)
553,153 (48.6)
184,951 (16.3)

90,618 (8.0)
297,553 (26.2)
534,538 (47.0)
168,333 (14.8)
46,781 (4.1)

138,952 (12.2)
286,555 (25.2)
323,593 (28.4)
267,096 (23.5)
121,627 (10.7)

1,030,117 (90.5)
21,411 (1.9)
8979 (0.8)

7326 (0.6)

9374 (0.8)
10,078 (0.9)
50,538 (4.4)
357,900 (31.5)
12,754 (1.1)

CI confidence interval, /QR interquartile range, KYRBS, Korea Youth Risk Behavior Web-Based Survey

how the pandemic influenced adolescents’ smoking status.
Our results provide the foundations to help policymakers and
physicians establish interventions to reduce smoking levels
among adolescents.

Comparison with previous studies

Previous studies have found inconsistent results in relation
to smoking prevalence in adolescents during the COVID-
19 pandemic. Studies of adolescent smoking conducted in
Norway (n=227,258) [18] and Sweden (n=1818) [9] stated

no significant change in smoking prevalence during the pan-
demic. The study from Sweden concluded that tobacco use
increased during the pandemic only for high-risk groups
such as those with narcotic use. A similar result was found in
a study from the Netherlands (n=287) [10], which showed
that the smoking rate increased during the pandemic. In con-
trast, studies conducted in the United States (n=14,541) [8]
and Central Catalonia (n=303) [11] concluded that smok-
ing prevalence decreased during the COVID-19 pandemic.
Limitations of these studies include small and heterogene-
ous samples, data that are not nationally representative due
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Table 3 (continued)

Trends in daily smokers

2017-2019 2020 (Early 2021 (Mid The trend The trend Trend differ- OR (95% CI)°
pandemic) pandemic)

2013-2016

2005-2008 2009-2012

Characteristics

ence, B (95%

during the
CDh

before the

pandemic,
(95% CI)*

pandemic,
(95% CI)*

Economic level

0.727 (0.648 to

—0.112 (-0.150 0.040 (-0.008

5.1(4.8-54) 34(32-36) 3.0(2.832) 23(2.0-26) 2.1(1.9-24) —0.152 (-0.182
to —0.123)
~0.218 (-0.240
to —0.197)

4.2 (4.0-4.4)

High to mid-

to 0.088) 0.816)

to -0.074)
—0.093 (-0.125 0.125 (0.086 to 0.756 (0.687 to

dle high
Middle to low 6.3 (6.0-6.5)

4.5 (4.3-4.8) 3.2(3.0-34) 2.4(22-2.7) 2.52.3-2.7)

6.5 (6.2-6.7)

0.831)

0.164)

to —0.061)

The numbers in bold indicate a significant difference (P <0.05)

CI confidence interval, KYRBS Korea Youth Risk Behavior Web-Based Survey, OR odds ratio

*Weighted f was considered using the linear regression technique, and this method included the KYRBS cycle (2005-2008, 2009-2012, 2013-2016, 2017-2019, 2020, and 2021) as a continu-

ous variable

"Weighted OR was considered using the logistic regression technique, and this method included the KYRBS cycle (2017-2019 versus 2020-2021 [COVID-19 pandemic]) as a categorical vari-

able

to convenience sampling, compound bias, recall bias, and
selection bias, which likely contribute to the inconsistency
of the results [8—11].

Our results contradict those of a study from Norway [18],
which found that there was no significant change in smok-
ing prevalence pre- and post-COVID. The discrepancy may
be because although the two studies were conducted in the
same year, the period was different. The survey in Norway
was conducted from January to March, whereas our study
was conducted in October. As Norway’s data from 2020
include the pre-pandemic period and the data from 2021 are
also difficult to classify as the mid-pandemic period, these
data may not be reliable as evidence to confirm the change in
smoking prevalence of the mid-pandemic period. Moreover,
the population of the Korean survey is more significant than
that of Norway, even considering that there were fewer sur-
vey samples due to the pandemic in 2020 and 2021. Racial
and cultural differences should also be considered.

Possible explanations

The decrease in adolescents’ smoking status may be owing
to the government’s policy efforts to reduce the smoking
rate among adolescents. The Korean Ministry of Health and
Welfare has been promoting the “school smoking preven-
tion education project” to prevent youth smoking since 1999
and has been operating the “No Smoking Leading School”
as part of its core project [19]. In addition, raising ciga-
rette prices and restricting smoking in indoor workspaces
and public places such as schools likely contributed to the
decrease in smoking prevalence [20]. Other than govern-
mental efforts, policies in relation to television advertise-
ments, posters, and other media messages to oppose ciga-
rette advertising also likely had a positive impact on the
decrease in smoking prevalence among adolescents [21].
Similar patterns found in other developed countries support
these hypotheses [22].

However, during the pandemic, the decrease in the prev-
alence of smoking eased. This may be due to the increase
in depressive symptoms among adolescents. The long dura-
tion of quarantine leaving adolescents only active at home
and the loss of interaction with peers potentially isolate
adolescents, increasing the risk of depression [23]. Statis-
tics showed that the rate of adolescents who experienced
sadness or despair increased during the mid-pandemic
period [24,25]. A likely increase in mental health compli-
cations may have resulted in adolescents using cigarettes
to cope with the stress [26]. The COVID-19 pandemic also
caused an inefficiency in education that likely affected
smoking status. Youth smoking prevention education,
which was previously implemented in schools, was not
sufficiently conducted during the pandemic [27]. In addi-
tion, wearing a mask during the pandemic may have also

@ Springer
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Fig.1 a The 17-year trend in adolescent ever smokers from 2005 to
2021; b the 17-year trend in adolescent daily smokers from 2005 to
2021

increased adolescents’ access to cigarettes [27] owing to
the mandatory wearing of masks making it challenging to
check the age of buyers [28]. Interestingly, the decreasing
rate was more significant in the subgroup of adolescents
with substance use. This may be caused by the reinforce-
ment of regulations on substance use by adolescents. The
widespread use of substances by adolescents decreased
over 17 years. As regulations on substances were tight-
ened, adolescents who have tried substances may have also
reduced cigarette smoking.

Policy implication
As previous studies did not analyze the long-term trend
of adolescents’ smoking status, only positive interpreta-

tions were made claiming that the smoking rate decreased
during the pandemic [11]. However, our results imply that

@ Springer

the decrease in smoking rates during COVID-19 was less
than expected based on pre-COVID trends, thus requir-
ing further efforts to reduce the smoking prevalence. In
recent years, smoking cessation and prevention policies
have not been a priority due to COVID-19. However, pol-
icy involvement is needed, as smoking in adolescence can
lead to lifelong heavy smoking [29]. Moreover, adoles-
cent smoking is harder to mediate than adult smoking, as
there is no initial treatment for adolescent smokers. This
study can be used to check the current status of adolescent
smoking, and thus help to preemptively prevent it. Possible
policy efforts to prevent the aforementioned factors may
include regulating the ease of purchase of cigarettes by
adolescents, strengthening smoking prevention education,
and regulating tobacco advertisements. In this regard, the
World Health Organization (WHO) suggests MPOWER
policies to cost-effectively reduce smoking. MPOWER
measures include monitoring tobacco use, protecting peo-
ple from tobacco use, offering to quit, warning of the dan-
gers, enforcement of bans on advertising, and raising taxes
on tobacco [30]. Policymakers should be cognizant of the
fact that the decline in smoking prevalence has not been
sufficient during the COVID-19 pandemic and that further
efforts should be made to reduce the number of adolescents
smoking.

Strength and limitations

This is the first large-scale, long-term serial, nationally
representative study of adolescent smoking, including the
mid-pandemic period (2020-2021). However, the find-
ings must be interpreted in light of the study limitations.
First, the data we used in this study were based on an
anonymized, self-reported web-based survey conducted
at respective schools. Thus, the information of students
absent at the date could not be obtained. The missing data
of absent students may lead to bias in these data since the
group of absent students may have different characteristics
than those in school. Second, we cannot rule out the pos-
sibility of other unmeasured confounding variables [31].
Third, there were cases in which the types of responses
to the questionnaire changed over the years. We have
conducted data mining of the responses for the relevant
year, but some errors might have occurred during this
process. Fourth, the results were derived from a survey
conducted only on Korean adolescents. Accordingly, the
racial and cultural diversity of the study population is low;
thus, future studies in other countries are necessary. Fifth,
although we included vaping as a form of smoking in our
study, we could not collect the data on vaping separately.
Finally, there was no objective measurement of exposure to
products of tobacco, e.g., cotinine.
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In conclusion, this study confirmed that the prevalence
of smoking in adolescents decreased less during the pan-
demic compared to the pre-pandemic period by conduct-
ing a long-term trend analysis for ever smokers and daily
smokers. A different tendency was found in the subgroup
with substance use, as the rate of ever smokers decreased
as before and more significantly for daily smokers. The
present results provide a comprehensive picture of the past
and current smoking prevalence trends of South Korean
adolescents during the COVID-19 pandemic. The findings
suggest that a political solution is required to maintain the
decrease in smoking rates in adolescents at a similar level
to the pre-pandemic period.
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