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Abstract

Background Although previous studies have provided data on early pandemic periods of alcohol and substance use in ado-
lescents, more adequate studies are needed to predict the trends of alcohol and substance use during recent periods, including
the mid-pandemic period. This study investigated the changes in alcohol and substance use, except tobacco use, throughout
the pre-, early-, and mid-pandemic periods in adolescents using a nationwide serial cross-sectional survey from South Korea.
Methods Data on 1,109,776 Korean adolescents aged 13—18 years from 2005 to 2021 were obtained in a survey operated by
the Korea Disease Control and Prevention Agency. We evaluated adolescents’ alcohol and substance consumption prevalence
and compared the slope of alcohol and substance prevalence before and during the COVID-19 pandemic to see the trend
changes. We define the pre-COVID-19 period as consisting of four groups of consecutive years (2005-2008, 2009-2012,
2013-2015, and 2016-2019). The COVID-19 pandemic period is composed of 2020 (early-pandemic era) and 2021 (mid-
pandemic era).

Results More than a million adolescents successfully met the inclusion criteria. The weighted prevalence of current alcohol
use was 26.8% [95% confidence interval (CI) 26.4-27.1] from 2005 to 2008 and 10.5% (95% CI 10.1-11.0) in 2020 and
2021. The weighted prevalence of substance use was 1.1% (95% CI 1.1-1.2) from 2005 to 2008 and 0.7% (95% C1 0.6-0.7)
between 2020 and 2021. From 2005 to 2021, the overall trend of use of both alcohol and drugs was found to decrease, but
the decline has slowed since COVID-19 epidemic (current alcohol use: B 0.167; 95% CI 0.150-0.184; substance use: f%iff
0.152;95% CI 0.110-0.194). The changes in the slope of current alcohol and substance use showed a consistent slowdown
with regard to sex, grade, residence area, and smoking status from 2005 to 2021.

Conclusion The overall prevalence of alcohol consumption and substance use among over one million Korean adolescents
from the early and mid-stage (2020-2021) of the COVID-19 pandemic showed a slower decline than expected given the
increase during the prepandemic period (2005-2019).
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Introduction
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SHINJI@yuhs.ac siderable impacts on mortality and economic consequences
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In particular, alcohol and substance use can harm adoles-
cents in various ways, and it is important to investigate the
prevalence of adolescents’ substance use to prevent addic-
tion [6]. The striatal reward/motivation and limbic-emo-
tional circuits are hyperactive during adolescence, leading
to greater emotional reactivity and reward-seeking behav-
iors [7]. The prefrontal cortex of adolescents cannot fully
self-regulate, leading to high impulsivity and risk taking
[7]. Therefore, early exposure to substance use may further
impair the development of the prefrontal cortex, increasing
the long-term risk for addiction. Despite the risk of alcohol
and substance use in adolescents, however, limited studies
have been performed on the prevalence of adolescents’ alco-
hol and substance use during the pandemic.

Some studies have provided data only on early pandemic
periods of substance use in adolescents [2, 8] that may be
inadequate to predict the trends of substance use during this
period [1, 9]. Additionally, there are studies that examine
the prevalence of alcohol and substance use in adolescents
reporting inconsistent results [2, 8]. Thus, the impact of the
COVID-19 pandemic on alcohol and substance use in ado-
lescents remains unclear. The interrupted global prediction
for health indications based on pre-pandemic data on alcohol
and substance use trends needs to be considered as a major
public health issue.

Therefore, this study aimed to investigate trend changes
in alcohol and substance use among adolescents of South
Korea in the early/mid-pandemic period and analyzed the
changes.

Methods
Study population and data sources

We obtained data from the Korea Youth Risk Behavior
Web-based Survey (KYRBS) between 2005 and 2021, a
survey operated by the Korea Disease Control and Preven-
tion Agency (KDCA) for government policies [10]. The
study investigated a sample of respondents to present rep-
resentative data of the nation and estimate the total popula-
tion of adolescents in South Korea. To account for this, the
study population was selected using sophisticated statistical
methods of two-step stratification, sample clustering, and
weightings [10]. In the stratification stage, the population
was divided into 117 layers using regional groups and school
levels. Then, the number of sample schools was allocated
by applying a proportional allocation method to match the
population composition ratio and sample composition ratio
by stratification variable. For sampling, the first extraction
unit was school, and the second extraction unit was class
using stratified cluster sampling.

@ Springer

Adolescents in middle to high school (aged 12—18 years)
were voluntarily involved in a web-based survey in their
schools (average response rate: 95%) [10]. The study
protocol has been endorsed by the University of Sejong
(endorsement for data use; SJU-HR-E-2020-003) and KDCA
(endorsement for study construction).

Endpoints and covariates

The adolescent participants were asked to respond
how many days they consumed an alcohol drink within
30 days: none, 1-2 days, 3-5 days, 6-9 days, 10-19 days,
20-29 days, and every day. We sorted participants into non-
drinkers and current drinkers and defined current drinkers
as those who drink alcohol in 1-30 days within 30 days.
Moreover, those who drink alcohol every day were defined
as daily drinkers. They were also asked if they had used
substances except for treatment purposes, with the response
options of inhalants, central nervous system depressants and
stimulants, and others. As it is not easy to find adolescents
who have continuously used drugs under Korean culture
and law prohibiting all substances, the study focused on
whether the participants have substance use experiences in
their entire life. Tobacco usage was excluded because the
Korean social context deals with smoking a distinct cat-
egory and handles it accordingly.

The 17-year trends of changes regarding alcohol drink-
ing and substance use were the main outcomes to under-
stand whether COVID-19 affected these trends. Further-
more, we presented the trend change for both alcohol and
substance use in each subgroup by sex, grade, residence
area, and smoking during the COVID-19 pandemic and
before it.

Data on age (years), grade (middle school: 7th-9th grade;
high school: 10th—12th grade), sex (male and female), body
mass index (kg/m?), parents” highest educational levels (high
school or lower, and college or higher), familial economic
status (high, middle-high, middle, middle-low, low), aca-
demic performance (high, middle-high, middle, middle-low,
low), depressive symptoms (yes and no), smoking habits
(yes and no), and residential areas (rural and urban) [11]
were obtained from self-report questionnaires, as men-
tioned above [10]. To manage the age and cohort effect, we
presented school grade divided by middle school (7th-9th
grade) and high school (10th—12th grade) as the criteria to
see the trend changes in each group and to compare each
other.

Statistical analyses

Statistical analyses were conducted using SAS (version 9.4,
SAS Institute Inc., Cary, NC,
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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 [12].

Data were collected from the KYRBS between 2005
and 2021. Those with missing data were excluded from the
analysis. We explored the trend changes in the proportion of
drinking alcohol and substance use stratified by sex, grade,
residence area, and smoking status. We set four groups of
consecutive years (2005-2008, 2009-2012, 2013-2015, and
2016-2019) as the pre-COVID-19 period to obtain stable
prevalence estimates that would be found in each one-year
unit and two groups (2020 and 2021) as the COVID-19 pan-
demic period of the KYRBS cycle.

Weighted complex sampling analysis was conducted
using linear and logistic regression models. For the trend
of prevalence before and during the COVID-19 pandemic,
we obtained B-coefficients with 95% confidence intervals
(CIs) using a linear regression model. We analyzed the
B-difference to indicate the difference between before the
pandemic (2005-2019) and during the pandemic (2020 and
2021). A logistic regression model was used to calculate the
odds ratios (ORs) with 95% Cls of the KYRBS cycle in the
COVID-19 pandemic (2020 and 2021) versus the last cycle
before the pandemic (2016-2019).

Results

A total of 1,109,776 adolescents were included in the
KYRBS from 2005 to 2021, with 52.4% males (95% CI
51.8-53.1). Table 1 provides an illustration of their gen-
eral characteristics. The weighted estimated mean age
was 15.04 years (95% CI 15.03-15.05), including 573,932
(weighted %, 50.3%) middle school students and 535,844
(weighted %, 49.7%) high school students. The sample size
of adolescents in each time period is 269,289 in 2005-2008,
288,910 in 2009-2012, 206,381 in 2013-2015, 238,217 in
2016-2019, 53,534 in 2020 and 53,445 in 2021.

Figure 1 shows the trends in alcohol consumption and
substance use prevalence among Korean adolescents from
2005 to 2021, including the period of COVID-19 pandemic.
A decreasing trend was presented in the proportions of cur-
rent alcohol drinkers and substance users with different
slopes at each period. Tables 2 and Supplementary Table 1
show the trend changes and rates for drinking alcohol (cur-
rent drinkers and daily drinkers), and Table 3 shows the
trend changes and rates for using substances between 2005
and 2021. The downward slope, however, decreased dur-
ing the COVID-19 pandemic compared with the prepan-
demic period, which means that the absolute value of the
downward slope decreased (current alcohol use: By, 0.167;
95% CI 0.150-0.184; and substance use: By 0.152; 95%
CI0.110-0.194). The expected prevalence in the pandemic

period based on the trend of the prepandemic period is
10.1% in 2020 (versus 10.5% for the estimated prevalence)
and 6.3% in 2021 (versus 10.6% for the estimated preva-
lence) for alcohol use and 0.6% in 2020 (versus 0.7% for the
estimated prevalence) and 0.5% in 2021 (versus 0.6% for the
estimated prevalence) for substance use.

Current alcohol use showed a national weighted rate of
26.8% (95% CI 26.4-27.1) from 2005 to 2008 and 10.5%
(95% CI 10.1-11.0) in 2020 and 2021 (Table 2). The
17-year trend slope of the overall rate of current alcohol
use illustrated a consistent decreasing trend in subgroups
by sex, grade, residence area, and smoking. The expected
prevalence of alcohol use during the pre-pandemic period
based on the trend of the pandemic period was 21.8% dur-
ing 2005-2008, 19.4% during 2009-2012, 17.0% during
2013-2015, and 14.6% during 2016 and 2019. The annual
alcohol use prevalence was 16.6% in 2018 and 14.7% in
2019. It showed a decline of 1.9% in one year, which was a
larger amount of change than 0.1% in 2020 and 2021.

The national weighted rate of daily alcohol use was 0.4%
(95% CI 0.4-0.5) from 2005 to 2008 and 0.1% in 2020
(95% CI 0.1-0.2) and 2021 (95% CI 0.1-0.1; Supplemen-
tal Table 1). Its prevalence presents a consistent decline in
the slope of each subgroup by sex, grade, residence area of
urban, and nonsmoking. However, there was no significant
change in the slopes of the subgroup within the rural resi-
dence area (B, 0.057; 95% CI—0.057 to 0.171) and smok-
ing group (Bgs 0.047; 95% CI—0.051 to 0.145) comparing
trends before and during the COVID-19 pandemic.

The national weighted rate of substance use was 1.1%
(95% CI 1.1-1.2) from 2005 to 2008, 0.7% (95% CI 0.6-0.8)
in 2020, and 0.6% (95% CI 0.6-0.7) in 2021 (Table 3). The
decline in the slope of the trend regarding the rate of sub-
stance use within each subgroup of sex, grade, residence
area, and smoking status was consistent with the overall
prevalence. The expected prevalence of substance use in the
pre-pandemic period based on the trend of the pandemic
period was 1.1% during 2005-2008, 1.0% in 2009-2012,
0.9% in 2013-2015, and 0.8% during 2016-2019. The
annual prevalence of substance use was 0.9% in 2018, 0.8%
in 2019, 0.7% in 2020, and 0.6% in 2021.

Discussion
Findings of our study

To the best of the authors’ knowledge, this study is the
first long-term serial cross-sectional study and nationwide
large-scale investigation using a representative population-
based dataset to investigate trend changes in alcohol and
substance use in over one million South Korean adolescents
and weighted to match population characteristics. In this
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Table 1 Demographic
characteristics of participating
adolescents in the KYRBS,

Characteristics

Weighted sample, n (%) or weighted Crude sample, n (%)
average % (95% CI) or median (IQR)

2005-2021 (n=1,109,776) Number
Age,y
Grade
7th-9th grade (middle school)
10th—12th grade (high school)
Sex, male

Body mass index, kg/m?

Underweight (below 5th percentile)

Normal (5th—85th percentile)

Overweight (85th-95th percentile)

Obese (above 95th percentile)
Region of residence
Rural
Urban
Smoking
Substance use
Alcohol use

Depression

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

56,122,639 (100.0)
15.04 (15.03-15.05)

1,109,776 (100.0)
15.00 (14.00-16.00)

50.3 (49.9-50.6)
49.7 (49.4-50.1)
52.4 (51.8-53.1)
20.7 (20.7-20.8)
8.2 (8.2-8.3)
76.2 (76.1-76.3)
8.1 (8.0-8.1)
7.5 (7.4-7.6)

45.9 (45.5-46.3)
54.1 (53.7-54.5)
9.5 (9.4-9.7)
1.0 (1.0-1.0)
19.3 (19.2-19.5)
31.5 (31.3-31.6)

46.4 (46.1-46.7)
38.5 (38.2-38.8)
15.1 (15.0-15.2)

8.1 (8.0-8.2)
27.0 (26.8-27.2)
46.7 (46.6-46.9)
143 (14.2-14.5)
3.8 (3.8-3.9)

12.2 (12.1-12.3)
25.5 (25.4-25.6)
28.5 (28.4-28.6)
23.4 (23.3-23.5)
10.4 (10.3-10.5)

573,932 (51.7)
535,844 (48.3)
572,055 (51.5)
20.3 (18.5-22.6)
89,892 (8.1)
842,428 (76.0)
91,002 (8.2)
85,453 (7.7)

514,496 (46.4)
595,280 (53.6)
103,793 (9.4)
10,282 (0.9)
211,679 (19.1)
347,456 (31.3)

521,635 (47.0)
409,612 (36.9)
178,529 (16.1)

87,663 (7.9)
291,759 (26.3)
523,241 (47.1)
163,052 (14.7)
44,061 (4.0)

135,726 (12.2)
281,457 (25.4)
316,853 (28.6)
259,611 (23.4)
116,129 (10.5)

BMI body mass index, CI confidence interval, /QR interquartile range, KYRBS Korea youth risk behavior

web-based survey

study, representing the nationwide population of adoles-
cents in South Korea, we found that 17-year trends in the
overall prevalence of alcohol and/or substance use tended
to decrease; however, the estimated prevalence during the
pandemic from 2020 to 2021 was higher than the expected
prevalence. Furthermore, a similar tendency was found in
the stratified analysis by age, sex, area of residence, and
smoking status.

Comparison with previous studies

Several studies have previously described the trend of alco-
hol or substance use in adolescents during the COVID-19

@ Springer

pandemic. The few studies on alcohol use have shown
inconsistent results: decrease in Iceland (n=59,701) [2,
8], USA (n=7842) [13], Spain (n=303) [14], Switzerland
(n=8972) [15], Netherlands (n=6070) [16], and Norway
(n=227,258) [17]; increase in Indonesia (n=2932) [18],
Canada (n=6721) [19], Bosnia-Herzegovina (n=661) [2]
and USA (n=1084)[20]; and no change in USA (n=1006)
[21], Canada (n=1054) [22], and nine countries (China,
Colombia, Italy, Jordan, Kenya, Philippines, Sweden, Thai-
land, United States, n=1330) [23]. Furthermore, several
studies on other types of substance use have shown incon-
sistent results: increases in Indonesia (n=2932) [18] and
the USA (n=7843) [13]; decreases in the Netherlands
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Fig. 1 Nationwide 17-year 30
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(n=6070) [24] and Finland (n=10,000) [25]; and no change
in Canada (n=619) [26].

A recent systemic review of 49 intervention trials sug-
gested that the prevalence of alcohol, tobacco, and substance
use among adolescents has largely declined during the pan-
demic [27], supporting findings from the present study.
However, their small sample size (mostly less than 10,000),
the heterogeneous population in several countries, short-
term follow-up period (mostly less than three years) and
inappropriate study design (non-representative or nonran-
dom selection of participants, including convenience, purpo-
sive, or volunteer sampling) have potentially contributed to
low levels of evidence and inconsistent results [2, 4, 13-23].
Compared to those studies, our study had a large sample
size and a homogenous population only in South Korea, was
based on a long-term survey conducted for 17 years, and uti-
lized weighted analyses to match population characteristics.

Most of the studies were conducted in America or Europe,
and studies from Asia are scarce [2, 4, 13-23]. These studies
only showed the prevalence of substance use up to the early
pandemic period in 2020 [2, 4, 13-23]. However, our study
provides adolescent alcohol and/or substance use prevalence
and f-coefficients to easily compare the amount of change in
prevalence in each divided period from 2005 to 2021. The
present study benefits from a large population-based sam-
ple utilizing the sampling strategy and weighting to match
population characteristics to make the study adequate to see
trend changes.

Years

B Overall use Trend of prepandemic

Possible explanations of our results

The prevalence of alcohol and substance use among adoles-
cents can be explained by various components, which are
likely due to the interaction of complex factors. The decrease
in the 17-year trends in the overall prevalence of alcohol
and/or substance use may be explained by the government’s
efforts to reduce the proportion of those using alcohol and
substances since before the COVID-19 pandemic [28].
Substance and alcohol awareness campaigns, prevention
trainings and other policies to facilitate the prohibition of
substance use were actively practiced [29].

Since the start of the pandemic, the limitations imple-
mented have impacted the availability of such substances,
and health concerns have potentially facilitated a decrease
in substance and alcohol use. Adolescents’ alcohol use was
highly dependent on the environment. Adolescents usually
drink alcohol with friends outside the home [30]. However,
during the COVID-19 pandemic, public health restrictions
limited the time most adolescents spent in person with
friends, limiting availability and access to alcohol and sub-
stances during community lockdowns. Young people con-
fined to their homes with parents had fewer opportunities to
access and use [30]. Limited in-person contact with friends,
adolescents’ decreased availability and access to substances,
and increased time staying at home with parents are known
to be effective factors in preventing substance and alcohol
use [30].

@ Springer
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Table 2 National estimated prevalence and trend of current alcohol use among the adolescent population in South Korea using the KYRBS,

2005-2021
Characteristics Current alcohol use, weighted % (95% CI)
2005-2008 2009-2012 2013-2015 2016-2019 2020 (early pandemic) 2021 (mid pandemic)
Overall 26.8 (26.4-27.1) 20.3 (20.0-20.6) 16.2 (15.8-16.6) 15.4 (15.1-15.7) 10.5 (10.1-10.9) 10.6 (10.1-11.0)
Sex
Male 28.2 (27.7-28.6) 23.2(22.8-23.6) 19.7 (19.2-20.2) 17.4(17.0-17.8) 11.9 (11.3-12.6) 12.3(11.7-12.9)
Female 25.2(24.7-25.7) 17.1 (16.7-17.5) 12.4(11.9-12.8) 13.2 (12.8-13.6) 8.9 (8.4-9.5) 8.7 (8.2-9.2)
Grade
7th-9th grade (mid- 17.2 (16.9-17.5) 11.9 (11.7-12.2) 8.0 (7.8-8.3) 7.3 (7.1-1.5) 5.3 (5.0-5.6) 5.5(5.2-5.9)
dle school)
10th—12th grade 38.5(37.9-39.1) 28.6(28.1-29.2) 23.9 (23.2-24.6) 22.4(21.9-22.9) 15.7 (14.9-16.4) 15.8 (15.1-16.7)
(high school)

Region of residence
Rural

26.2 (25.7-26.6)

19.5 (19.1-20.0)

15.3 (14.7-15.8)

14.1 (13.8-14.5)

9.6 (9.0-10.3)

9.6 (9.0-10.2)

Urban 27.3(26.7-27.9) 21.0(20.5-21.5) 16.3 (16.3-17.5) 16.4 (16.0-16.8) 11.1 (10.5-11.8) 11.2 (10.6-11.9)
Smoking

No 20.0 (19.7-20.3) 14.2 (14.0-14.5) 11.3(11.0-11.6) 11.8(11.6-12.1) 8.0 (7.7-8.4) 8.1(7.8-8.5)

Yes 74.9 (74.2-75.7) 65.5 (64.7-66.2) 65.5 (64.6-66.4) 69.3 (68.4-70.2) 65.2 (62.8-67.6) 64.4 (62.3-66.5)
Substance use

No 26.3 (26.0-26.7) 20.0 (19.7-20.3) 16.0 (15.6-16.4) 15.2 (14.9-15.5) 10.4 (9.9-10.8) 10.5 (10.0-10.9)

Yes 48.4 (46.2-50.6) 44.6 (42.6-46.6) 45.3 (42.0-48.7) 40.7 (38.4-43.1) 26.5(22.0-31.6) 25.6 (20.6-31.3)
Characteristics Trends in current alcohol use

Trend in prepandemic, 3 Trend after the pandemic, B  Trend difference, By; (95%  OR (95% CI)°
(95% CI)* (95% CI)* CI)

Overall —0.297 (—0.308 to — 0.285) —0.130 (—0.143 to—0.118) 0.167 (0.150-0.184) 0.646 (0.620-0.673)
Sex

Male —0.255 (—0.268 to — 0.242) —0.125 (—0.140 to—0.111) 0.130 (0.111-0.149) 0.654 (0.624-0.686)

Female —0.353 (—0.369 to—0.336) —0.138 (—0.155 to—0.121) 0.215 (0.191-0.239) 0.634 (0.599-0.670)
Grade

7th-9th grade (middle —0.413 (— 0.426 to—0.400) —0.099 (—0.118 to— 0.080) 0.314 (0.291-0.337) 0.724 (0.685-0.765)

school)
10th—12th grade (high —0.316 (— 0.331 to—0.301) —0.126 (—0.141 to—0.111) 0.190 (0.169-0.211) 0.647 (0.616-0.680)
school)

Region of residence

Rural —0.320 (—0.335t0o—0.306) —0.129 (—0.146 to—0.112) 0.191 (0.169-0.213) 0.647 (0.610-0.685)

Urban —0.281 (—0.289 to—0.264) —0.132 (—0.150 to—0.115) 0.149 (0.127 to 0.171)  0.644 (0.609-0.680)
Smoking

No —0.273 (—0.284 to—0.261) —0.127 (—0.140 to—0.114) 0.146 (0.129-0.163) 0.654 (0.628-0.681)

Yes —0.121 (- 0.141 to — 0.102) —0.059 (—0.083 to — 0.035) 0.062 (0.031-0.093) 0.816 (0.751-0.886)
Substance use

No —0.301 (—0.312t0—0.289) —0.129 (—0.142 to—0.117) 0.172 (0.155-0.189) 0.648 (0.623-0.675)

Yes —0.106 (— 0.154 to —0.058) —0.193 (—0.254 to—0.132) —0.087 (—0.165 to —0.009) 0.513 (0.416-0.633)

Numbers in bold indicate a significant difference (P <0.05)

CI confidence interval, KYRBS Korea youth risk behavior web-based survey, OR odds ratio

“Estimated  was calculated using linear regression, and this model included the KYRBS cycle (2005-2008, 2009-2012, 2013-2015, 2016~
2019, 2020 and 2021) as a continuous variable

Estimated OR was derived using logistic regression, and this model included the KYRBS cycle (20162019 versus 2020-2021) as a categorical

variable
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Table 3 National estimated prevalence and trend of substance use among the adolescent population in South Korea using the KYRBS, 2005-
2021

Characteristics Substance use, weighted % (95% CI)

2005-2008 2009-2012  2013-2014  2016-2019 2020 (early pandemic) 2021 (mid pandemic)

Overall 1.1(1.1-1.2) 1.3(1.2-1.3) 0.7(0.7-0.7) 0.8 (0.8-0.9) 0.7 (0.6-0.8) 0.6 (0.6-0.7)
Sex

Male 14(1.4-1.5) 15(1.4-1.6) 09(0.8-1.0) 1.0(0.9-1.1) 0.8 (0.6-1.0) 0.7 (0.6-0.8)

Female 0.8 (0.7-0.9) 1.0(0.9-1.1) 0.5(0.4-0.5) 0.6 (0.6-0.7) 0.6 (0.5-0.7) 0.6 (0.5-0.7)
Grade

7th-9th grade (middle school) 1.3 (1.2-1.4) 1.3 (1.3-1.4) 0.6 (0.6-0.7) 0.8 (0.7-0.9) 0.5 (0.4-0.6) 0.6 (0.5-0.7)

10th—12th grade (high school) 1.0 (0.9-1.0) 1.2(1.1-1.3) 0.8 (0.7-0.9) 0.8 (0.7-0.9) 0.9 (0.7-1.1) 0.7 (0.6-0.8)
Region of residence

Rural 1.0 (1.0-1.1) 1.2(1.1-1.3) 0.8(0.7-0.9) 0.8 (0.7-0.8) 0.7 (0.6-0.8) 0.6 (0.5-0.7)

Urban 1.2(1.2-1.3) 13(1.2-1.4) 0.7 (0.6-0.8) 0.8(0.7-0.8) 0.7 (0.6-0.9) 0.7 (0.6-0.9)
Smoking

No 0.8 (0.8-0.9) 0.8 (0.8-0.9) 0.5(0.5-0.5) 0.6 (0.6-0.6) 0.6 (0.5-0.7) 0.6 (0.5-0.7)

Yes 34(3.2-37) 423945 32(29-3.6) 34(3.1-3.8) 2.2(1.6-2.9) 1.7 (1.2-2.4)
Current alcohol use

Yes 2.1(1.9-22) 2.8(2.6-3.0) 2.1(1.9-2.3) 2.0(1.9-2.2) 1.8(1.4-2.3) 1.6 (1.2-2.0)

No 0.8 (0.7-0.8) 0.9 (0.8-0.9) 0.5(0.4-0.5) 0.5(0.5-0.6) 0.6 (0.5-0.7) 0.5 (0.5-0.6)
Characteristics Trends in substance use

Trend in prepandemic, § Trend after the pandemic, p  Trend difference, Py (95%  OR (95% CI)°

(95% CI)* (95% CI)* CI)
Overall —0.196 (—0.223 to—0.168) —0.044 (—0.076 to—0.013) 0.152 (0.110-0.194) 0.885 (0.797-0.982)
Sex
Male —0.205 (—0.238 to—0.171) —0.074 (—0.114 to—0.034) 0.131 (0.079-0.183) 0.804 (0.697-0.928)
Female —0.175 (— 0.219 to—0.131) 0.004 (—0.046 to 0.054) 0.179 (0.112-0.246) 1.025 (0.882-1.192)
Grade
7th-9th grade (middle —0.258 (—0.291 to—0.224) —0.076 (—0.120 to—0.032) 0.182 (0.127-0.237) 0.764 (0.665-0.877)
school)
10th—12th grade (high —0.115 (—0.158 to —0.073) —0.016 (—0.060 to 0.028) 0.099 (0.038-0.160) 1.005 (0.865-1.168)
school)
Region of residence
Rural —0.138 (—0.175t0o—0.101) —0.073 (—0.117 to—0.030) 0.065 (0.008-0.122) 0.817 (0.705-0.947)
Urban —0.246 (—0.285 to—0.207) —0.023 (—0.067 to 0.021) 0.223 (0.164-0.282) 0.935 (0.810-1.080)
Smoking
No —0.178 (— 0.210 to — 0.145) 0.012 (—0.026 to 0.050) 0.190 (0.140-0.240) 1.053 (0.938-1.183)
Yes —0.017 (—0.060 to 0.026) —0.146 (—0.197 to—0.096) —0.129 (—0.195 to —0.063) 0.556 (0.434-0.712)
Current alcohol use
Yes —0.014 (- 0.054 to 0.027) —0.055 (—0.103 to—0.007) —0.041 (—0.104 to 0.022) 0.827 (0.681-1.004)
No —0.208 (—0.242 to—0.174) 0.008 (—0.032 to 0.049) 0.216 (0.163-0.269) 1.045 (0.927-1.177)

Numbers in bold indicate a significant difference (P <0.05)
CI confidence interval, KYRBS Korea youth risk behavior web-based survey, OR odds ratio

*Estimated  was calculated using linear regression, and this model included the KYRBS cycle (2005-2008, 2009-2012, 2013-2014, 2016~
2019, 2020 and 2021) as a continuous variable

Estimated OR was derived using logistic regression, and this model included the KYRBS cycle (20162019 versus 2020-2021) as a categorical
variable

Additionally, socioeconomic status is an important factor ~ financial insecurity, and poverty [31]. Financial difficulties
in substance use among adolescents [31].The downturn in ~ caused by the pandemic are presumed to positively affect
the economy caused by COVID-19 led to unemployment, substance consumption for adolescents.
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Nevertheless, the observed prevalence of substance and
alcohol use during the pandemic from 2020 to 2021 was
higher than its expected prevalence. The prevalence can be
broken down into several factors: parental support, social
system, psychological factors, lack of treatment for the
patients, peer context, the education system during the
COVID-19 period, and accessibility to substances.

Studies among adolescents have identified parental
support as a protective factor for substance use, including
alcohol use [32]. Lenient parental attitudes and behaviors
toward drinking and substances could encourage ado-
lescents’ alcohol and other substance use. Some studies
showed that adolescents consuming alcohol with their
parents used other substances immediately after social
distancing measures were implemented [24]. Addition-
ally, in contrast to teenagers who do not report drinking
with their parents, those who use substances with their
parents during the COVID-19 crisis will be more likely
to use alcohol [24].

Individual psychological factors may lead to a higher risk
of alcohol and substance usage. Contrary to the less anx-
ious, fearful and depressed adolescents, those who are more
concerned about their safety due to the COVID-19 issue are
more prone to use substances alone to cope with the stress
of COVID-19 [22, 33]. In addition, the impact of parents’
psychological issues on depression and anxiety [22, 33] may
lead to an increased rate of alcohol and substance use.Stud-
ies have reported an increase in domestic violence during
the COVID-19 pandemic [22, 33], suggesting an increase
in adolescents at risk of family conflict and dysfunction and
that stress from family violence may increase the consump-
tion of alcohol and substance use.

Peer context also exists in the less decreasing trend of
alcohol and substance use [34]. In the context of substance
use among adolescents, there are concerns about how social
distancing affects their peer reputations [34], which means
that popular adolescents are attempting to uphold group
norms via solitary substance use [22]. Adolescents who
are less popular, who may have less confidence that their
friendships can withstand social distancing, may be more
willing to engage in risky behavior, such as face-to-face sub-
stance use during a pandemic, to maintain their social status.
Thus, it is possible that some adolescents were more likely
to engage in substance use with peers during the COVID-19
pandemic. Furthermore, via technology and sending posts
to friends in virtual contexts, it is available to drink with
friends in different places and share the experiences of using
substance together as in a peer group [34].

Limitations in the school education system during
COVID-19 may have an impact on the trend of the use of
alcohol and substances. Some reports state that distance
learning negatively affects the social development of ado-
lescents [35]. There is a high possibility of exposure to
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alcohol and substance addiction when there is a lack of
social development.

Strengths and limitations

This study has strengths in its examination of large-scale
population-based data, a nationwide study that investigates
the trend of alcohol and substance usage in Korean adoles-
cents. The data we used are long-term serial data from 2005
to 2021, which helps to examine the change in alcohol and
other substance use. Additionally, the inclusion of 2021 data
not only examines the changes between the pre-pandemic
and early pandemic periods but also examines the most
recent trends of substance use in the mid-pandemic period
[36, 37].

However, there are several limitations to this study. First,
the specific types of substances used are unknown, which
limits the detailed analysis of each type. This may lead to
a bias of the substance use trend in adolescents regarding a
particular substance they used. Second, data on electronic
cigarette use were not separately taken into the study. As
electronic cigarettes have different traits from usual tobacco
[38], there is the possibility of a difference between elec-
tronic cigarettes and tobacco’s trend changes early during the
COVID-19 pandemic. Third, since our data only included
South Korean adolescents, the results cannot represent the
general population around the world. Fourth, the number of
daily alcohol users in adolescents was insufficient, so there
were some differences in trends compared with the current
alcohol use group in smoking groups and the rural resident
group (Supplementary Table 1). Fifth, missing data were
excluded from the analyses, which may have biased the
findings of the study. Finally, our study handled data in the
pre-pandemic and early to middle stages of the COVID-19
pandemic, so there needs to be continuous monitoring to
reflect other effects on the trend of adolescents’ alcohol and
substance use in the late phase of the COVID-19 pandemic.

Sixth, although the data we used were based on a web-
based survey conducted in a representative class in each
selected school by the sampling process, selection bias may
not be fully ruled out. Finally, limitations of web-based sur-
veys, including response bias, may have existed, although
the survey was anonymized and self-reported.

In conclusion, this study utilizes nationwide data from
over one million adolescents and examines the trend changes
in alcohol and substance use from 2005 to 2021, with a spe-
cial emphasis on the early and mid-stage of the COVID-19
pandemic. The observed alcohol and substance use during
the pandemic period (2020-2021) was higher than expected
compared to the prepandemic period (2005-2019). In par-
ticular, both South Korean adolescents’ current alcohol
and substance use were consistently higher in males, rural
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residents, and habitual smoking groups. Our study helps to
comprehend the trends in adolescents’ substance use, includ-
ing alcohol consumption, in the long term and changes dur-
ing the COVID-19 pandemic. To help the development of
public health systems and parental and individual strategies
to prevent addiction, future studies might want to look at
how specific characteristics changed before and after the
pandemic to identify the factors that influence adolescents’
use of alcohol and other substances in detail.
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tary material available at https://doi.org/10.1007/s12519-023-00715-9.
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