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Purpose: This study aimed to identify the cross-national estimates of substance use, explore problematic substance use patterns among
adolescents across countries and over time, and examine the relationship of individual characteristics on substance use patterns.
Methods: This study employed a time-series secondary data analysis spanning from 2014 to 2021 across four countries (United States,
Canada, England, and South Korea). We analyzed the usage of five substances (alcohol, binge drinking, cigarettes, electronic cigarettes,
and illicit drugs) alongside demographic characteristics. A descriptive analysis was performed to identify estimates of substance use
across countries. Latent class analysis was employed to examine adolescents’ substance use patterns across time and countries. A multi-
nomial logistic regression model was fit to assess the relationship between latent class and demographic characteristics.

Results: Adolescents in the United States and Canada had the highest substance use, while Korean adolescents had the lowest, particu-
larly concerning drugs. Latent class analysis revealed two classes (light-user and heavy-user), with the addition of a third class (moder-
ate-user) in some instances. The substance use patterns, while differing significantly among nations, exhibited consistency over time.
During COVID-19, a decrease in heavy-substance users was observed across countries. Male or older participants were more likely to
belong to the heavy-user class.

Conclusion: This research offers valuable insights into the variations in substance use patterns between nations and over time. A tai-
lored approach is essential to prevent adolescents from becoming heavy-substance users. This approach should consider country regu-
lations and demographics for a targeted and comprehensive preventive strategy.
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Introduction

Adolescence is described as a risky period for initiating substance
use; yet, any type of substance use can be harmful to adolescents
[1,2] Problem behavioral patterns in adolescence need to be not-
ed as they are essential factors also affecting substance use later in
adulthood [3]. Risks of substance use include immediate health
threats, the potential to develop greater dependence than adults,

Received: April 12, 2024; Revised: June 10, 2024; Accepted: June 11, 2024

Corresponding author: Kihye Han

and poor academic performance [1,4,5]. Problem substance use
behaviors are intensified by the co-occurrence of other problem
behaviors [6].

Many highly risky behaviors of adolescents are attributed to al-
cohol and other drug use. Such behaviors include unwanted and
unprotected sexual experiences, driving while intoxicated, and
self-destructive behaviors such as self-harm or suicide attempts
[7]. About 10% of adolescents pointed to alcohol and other drug
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use as the reason for their first sexual experience [8]. Adoles-
cents’ substance use is known to be influenced by peer, parental,
and sociocultural factors [9,10]. Adolescents often anticipate
that consuming substances like alcohol will help them be more
social and feel relieved [11].

According to studies conducted in North America and Europe,
cannabis use was higher among adolescents and young adults
compared to other age groups [12-14]. In the United States
(US), 22.3% of adolescents reported lifetime use of alcohol,
20.6% reported tobacco use, and 13.5% reported marijuana use
[15]. Moreover, deaths from drug overdose among adolescents
increased 2.3 times in 2021 compared to 2019 [16]. Given that
adolescent use of these substances is illegal in the majority of
contexts, these numbers are far from small.

« Previous studies have reported that demographic characteris-
tics may be associated with substance use [17-21]. Gender,
sexual identity, age, and race/ethnicity are recognized as so-
cial determinants of health that are associated with substance
use. The relationship between each characteristic is reported
differently depending on the study. For example, Duncan et
al. (2006) have shown that female adolescents use more sub-
stances than male adolescents; however, other studies have
reported the opposite [21]. Therefore, it is necessary to iden-
tify the association of demographic characteristics among

various countries.

Substance use behaviors are dynamic and can change over
time due to various factors such as social influences and poli-
cy changes [22,23]. By identifying substance use patterns
over time, it is possible to capture the temporal dynamics and
fluctuations in patterns over time [24]. Understanding trends
of substance use behavior is relevant to policymakers and ed-
ucation providers. For example, in US, current e-cigarette use
rose from 1.5% to 13.4% between 2011 and 2014, while con-
ventional cigarette use dropped from 11.6% to 8.2% [25].
Aggressive e-cigarette marketing in 2013 and relatively lax
regulations may be speculated as contributing factors to this
increasing trend [26]. Additionally, after the legalization of
marijuana, there was an increase in marijuana use among ad-
olescents in Canada [27].

Despite the importance of documenting trends in substance
use, there has been limited data on patterns of substance use in a
cross-national sample of adolescents. Understanding behavioral
patterns is important to establish early detection strategies, treat-
ments, and education. This study attempted to examine sub-
stance use problems in four countries, the United States, Canada,
England, and South Korea. We chose these 3 countries to com-

pare with Korea because US, Canada, and England each rank in
the top 10 by gross domestic product (GDP), and Asian coun-
tries often mirror Western trends [28]. Additionally, all four
countries offer comparable data. It is crucial to understand the
differences in regulations among these four countries to fully
comprehend the nuances of substance use behaviors. Thanks to
the comparison we can draw policy recommendations for regula-
tions on various substances which differ from country to country.

In US, regulations are largely varied across states. The minimum

legal age for tobacco and drinking at the federal level is age 21,
(though there are some state-level exceptions), and in 21 states
where cannabis is legal, the minimum age for use is 21 years old
[29-31]. In Canada, where cannabis is legal, the minimum age to
use tobacco, alcohol, or cannabis is set at 19 (age 18 in three states
for alcohol) [32-34]. In England, one must be over the age of 18
to drink alcohol in public and buy tobacco. However, in a private
home, alcohol can be consumed by those under the age 14. Can-
nabis is prohibited by law for all ages [35,36]. In South Korea, the
legal age to drink or smoke is set at 19, and marijuana is illegal for
all age groups [37,38]. Differences in legislation can also be seen
in terms of accessibility. Increased access to substances increases
the likelihood of substance use or addiction [39].

« We aimed to identify the cross-national estimates of sub-
stance use, examine problematic use patterns in substance
use among adolescents across time and countries, and ex-
plore the association between demographic characteristics by
substance user class.

Methods

Within the framework of this secondary data analysis, time-series
data collected by public administrative organizations (e.g., the
United States, Canada, England and South Korea) were used
(Table 1). The datasets consisted of adolescent behavior surveys
using data from 2018 to 2021, with the population being school-
based and aged between 10 and 19.

Measurement

Substance use

The use or non-use of five substances were included in this
study: 1) ever alcohol use, 2) current binge drinking, 3) ever cig-
arette use, 4) ever electronic cigarette (e—cigarette) use, and S)
ever cannabis or other drugs use. Details about the specific ques-
tions and response options are described in Table 2. For example,
the variable "ever alcohol use” was determined by asking partici-
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Table 1. Data Source and Sample
Implementation Period used . Sample size
Country Name of survey — o Bty Population age Gty
United States ~ Youth risk behavior surveillance system (https://www.cdc.gov/ Every 2 years 2015 12-18 14,000
healthyyouth/data/yrbs/index.htm) 2017
2019
2021
Canada Canadian student tobacco, alcohol, and drugs survey (https:// Every 2 years 2014 11-19 62,000
www.canada.ca/en/health-canada/services/canadian-stu- 2016
dent-tobacco-alcohol-drugs-surveyhtml)
2018
England Smoking, drinking, and drug use (among young people in En-  Every year 2014 10-17 5,200
gland) survey (https://digital.nhs.uk/data-and-information/ 2016
publications/statistical /smoking-drinking-and-drug-use-
among-young-people-in-england /202 1#data-sets) 2018
2021
South Korea Korean Youth risk behavior surveillance system (https://www. Everyyear 2014 12-17 54,000
kdca.gokr/yhs/homejsp) 2016
2018
2021

pants if they have ever had a drink of alcohol that was more than
just a sip. Similarly, "current binge drinking" was assessed by ask-
ing about the frequency of consuming multiple drinks within a
short period in the past 30 days. For "ever cigarette use," partici-
pants were asked if they had ever tried cigarette smoking, even
one or two puffs. For "ever electronic cigarette (e-cigarette) use,"
participants were asked if they had ever used an electronic vapor
product.

Finally, "ever cannabis or other drugs use" was measured by
asking participants how many times they had used marijuana,
synthetic marijuana, prescription pain medicine without a doc-
tor's prescription, cocaine, glue, gas, aerosols or sprays, heroin,
methamphetamines, ecstasy, steroid pills, or injected illegal
drugs. Based on previous studies, we dichotomized the responses
into yes (i.e., people who have used at least once) or no [40-42].

Participant characteristics
To test the differences between latent classes, participant charac-

teristics such as adolescents’ age/grade and gender were included.

Data Analysis

To identify cross-national estimates of substance use, a descrip-
tive analysis was performed. To examine problematic substance
use behavior patterns among adolescents, latent class analysis
(LCA) was employed using Mplus version 8 [43]. LCA is an an-
alytic technique to identify subgroups or classes (i.e,, clusters) of
individuals with similar patterns [44], which is useful in our
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study to investigate the substance use patterns based on sub-
stance use indicators. Following a stepwise approach, LCA was
performed by iteratively increasing the number of classes, start-
ing from a two-class model until no further statistical and theo-
retical improvements were observed. In order to determine the
optimal model, entropy, the Lo-Mendell-Rubin likelihood ratio
test (LMR-LRT), Akaike information criterion (AIC), and
Bayesian information criterion (BIC) were comprehensively
considered. Entropy ranges between zero and one; higher entro-
py values indicate relatively greater distinctiveness among the
classes [45]. AIC and BIC represent the goodness of fit and par-
simony, with lower values indicating better model fit [46,47].
LMR-LRT compares the model fit improvement between the k
and (k-1) classes. Values less than 0.05 indicate a statistically sig-
nificant improvement for an increased number of classes [48].
Furthermore, a multinomial logistic regression model was fit-
ted to assess the relationship between class membership and in-
dividual characteristics (i.e., age/grade and gender). Compo-
nents with an odds ratio greater than 1.0 indicate that the odds of
being a moderate/heavy user are higher than the reference group

(light-user).

Ethical Consideration

Since this secondary data analysis study uses completely anony-
mous public data, we obtained an exemption from the Institu-
tional Review Board of Chung-Ang University (No. 1041078-
20240219-HR-029).
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Results

Prevalence of substance use among adolescents in four
countries

Table 3 presents cross-national prevalence of substance use over
time among adolescents. For all substances, adolescents in US and
Canada had the highest use while Korean adolescents showed the
least use, especially in relation to drugs. Alcohol was found to be
the most used substance in all four countries (32.7-61.8%). In US
and Canada, alcohol use was reported by about half or more re-
spondents (45.1-61.8% in the US, 50.6-52.8% in Canada). In the
case of current binge drinking, US and Canada also showed rela-
tively high levels over 10% (8.2-17.4% in US, 14.8-16.5% in Cana-
da), followed by England (7.9-10.6%) and Korea (4.0-6.0%). In
terms of ever cigarette use, all four countries showed values ap-
proaching or exceeding 20%. E-cigarettes were used the most in
US (35.1-47.9%) and the least in Korea (6.9-8.6%). As for drugs,
US reported the highest rates (31.2-45.2%), followed by Canada
(24.8-31.1%), England (15.0-22.4%), and Korea, with much low-
er rates than the comparison countries (0.7-1.0%).

Considering the societal changes due to the COVID-19 pan-
demic, it can be observed that cigarette and e-cigarette use, as well
as drug consumption, decreased in US, England, and South Korea
in 2021 compared to previous years. Additionally, alcohol con-
sumption and binge drinking decreased in US and South Korea.

Model selection and description of the latent classes
Table 4 presents the model fit statistics for LCA models of two-

to four-class solutions among adolescents in four countries; the
United States, Canada, England, and South Korea. In case of US
in 2015, the LMR-LRT values were significant in all models. Al-
though the four-class model showed the lowest AIC and BIC
value, the two-class model showed the highest entropy value.
This suggests that the best overall model fit was the parsimoni-
ous identification of two or three latent classes.

Figure 1 provides a graphical representation of the latent class-
es of adolescents in four countries. The x-axis represents sub-
stance use and the y-axis shows the probability of having sub-
stance use behaviors within each class. We assigned labels to the
class based on substance use probabilities (A) and identified sub-
stance use profiles for each country. The first profile was the
“light-user” (Figure 1, solid blue line), comprising about 52-90%
of the population (e.g., 52.3% of US adolescents in 2015, 84.2%
of Korean adolescents in 2021). Exceptionally in Canada (2016
and 2018) and South Korea, there was one additional class,
which was labeled as “moderate-user” (Figure 1, solid yellow line),
representing approximately 10.2-24.6% of the population. The
last profile of all four countries was named as “heavy-user” (Figure
1, dotted red line), accounting for 5.5-47.7% of the population.
Members in the heavy-user group reported high probabilities for

substance use behaviors.

Profiles of substance use among adolescents in US, Canada,
England, and South Korea

Each country had its own unique pattern with many fluctuations
within substances, however the pattern did not change signifi-

Table 3. Prevalence of Substance Use among Adolescents in US, Canada, England and South Korea (% of use)

Country Year N Alcohol Binge drinking Cigarette E-cigarette Drug
United States 2018 15,624 61.8 174 29.8 454 45.2
2017 14,765 559 12.0 22.5 40.0 41.2
2019 13,677 54.0 12.1 169 47.9 419
2021 17,232 451 82 139 35.1 312
Canada 2014 36,665 50.6 16.5 22.6 214 24.8
2016 52,103 50.1 14.6 204 26.5 28.3
2018 62,850 52.8 14.8 212 35.0 311
England 2014 6,173 36.8 7.9 16.0 20.9 15.0
2016 12,051 46.4 10.1 17.3 253 21.0
2018 13,664 433 8.8 14.5 242 224
2021 9,288 43.6 10.6 122 239 181
South Korea 2014 72,060 424 6.4 194 8.6 1.0
2016 65,528 379 6.3 14.5 82 0.8
2018 60,040 41.1 7.2 14.2 7.3 1.0
2021 54,848 32.7 4.0 9.7 6.9 0.7

Korean Academy of Community Health Nursing



Chaehee Kim, et al. ® Patterns of Adolescent Substance Use

184

“UOLI9ILID UOTEULIOJUT UeIsakeg ( {UOLIR)LI0 UOHEULIOJUL XYY, 4159} OIE POOYT[RXT] WIqmy-[[PPUN-O],

TLSS09TT  L8TLTITL  TST9LLTT  OTHO9LOT  LI'SH6LOT  +6'€LIOLT  66+9SSLT  96'9TI6LT  €8°06TIST  SEHE9SOT  08LTTHIT  1€STTTT OId
YLOSSSTT  9CTTIOLL  LTE99LTI  STLESLOT  STTOLLOT  T6HLOOLI  TEH'SSESLI  SHTL6SLT  ¥8°06118T  60°€THSOT  SOTLOVIT — LTHTIONT OIV
00 00 00 00 00 00 00 00 00 00 00 00 LJITAINT
68 L8 6 8 8 98 g S8 L8 8L P8 S8 Adonug
20T 8T0T 910T ¥10T Te}  EAI0Y INOS
LESSTHE  €8L0THE  9SL9CHE  8YTISSTS  8LLISTS  S6'68LTS  8S90SLY  6T'6SYLY  ¥E€9L68S  TSTISEET  €O8SHET  SELO9ET OId
6TT66EE  SS986EEC  60'68THE  IS'SLETS  €6'68€TS  TTLOLLS — 0S9SELy  SY'SESLy  6L'6068€  LOLOIST — 99°€HEET  HEEEsET DIV
€T 00 00 00 00 00 €0 00 00 10 00 00 LJITAINT
8 8L 8 s 174 8 w 69° 08’ 8 6L 98’ Adomug
1207 8T0T 9107 ¥10T Tedgx puefdug
08'0THSLT  0L'ST8ILT  00'STHIST 06SL88IT 06'6¥861T  00+09ETT  09TEI6FT  OTHOVOST 0 +88TST I
0LTITSLT  06'TL99LT  0SSTEIST  OTTLISIT 0669617  09°90SETT  06'9EH6FT  09°61E0ST 0L 06LTST DIV
00 00 € 00° 00° o 00° 00° 00° JITINT
€L €L 8 SL 8L 98 YL SL 98 £donuy
810T 9107 $10T Tedx epeue))
TT8YI89  S6H0689  €L0SE69  LYP0609  STESOT9  OSTHSI9  88L00L9  6THTIL9  OT'SSLLY  +99909L  OV6¥E9L  ISESILL O1d
88'69V89  YICLL89  ¥HSIT69  OVTIEL09  9€ST609  SL6SPT9  60°€€899  O1'S6699  LSPOLLO  SS068SL  STGIT9L  6T660LL DIV
00 00 00 00 00° 00° 00° 00° 00° 00° 00° 00 JITAINT
9L 89’ 08’ 09 9 LL 65 €9 8L 9 9" 6L Adonug
120T 610C L10T ST10T Te9X  SaJEIS AU
¥ € (‘ ¥ € (4 ¥ € (4 ¥ € (/ $3XopU] 31 [PPOIN

S[OPOJAl SSe[D - O, -7 10J So1IseIS L [PPOIA * I[qEL,

https://doi.org/10.12799/rcphn.2024.00535



185

RCPHN

(%2°0T) 42sn-33848pOWI

anip anasesn-a

anasesp

(%5°G) 19sn-Aneay —e—
(%Z 78) 495N-3y 51| —em

Supuupasuig  oyooje

(120T) B210y Yinos

(%49°17) J9sn-Aneay —e—

8nip anasedn-a

anasedin

(%v82) 15N-1y81| —em

SupuupaBuiq  joyodte

‘\\\//

-——
-

(1z0g) puelbug

(%0°9€) Jasn-Aneay —e—

Snup anasesp-a anasedn

(%0'79) 295N-3y81| —e—

Supuup a8uiq  [oyodle

(L1zoz) sn

vo

0

80

"83.0Y UIN0S pue 'pue|bu] 'epeue)) 's1eiS pa3iuf Y3 Ul SSe|d JU1e| YIBI J04 SIOIABYIQ SN dUBISQNS *T 2anSry

(9%7°9) 19sn-Aneay —e=

(%0°ST) 495N-212I9POW 0 (%8°8L) 425N-1Y 31| et

Snip anaseSp-a  onasedn  Bupuupaduig  joyode
e o2 e
9 /
N -a,
N : Z09
\
- ~
\ ’ ~,
\ s ~
R
R 4

(8107) €210 ynos

(%8°27) asn-hneay —s=  (%7°£L) 195N-1yBY —e—

Snp aneieSna  onesSp  Supuupoedug  joyodle

(810¢) pueibug

(969'72) 435N-2)1BIBPOUI —o—

(9%6'8T) Josn-Aneay —e—  (%5'95) Jasn-yBl| —e—

snip anaesp-a anasedp  Supuppasuig  joyode

il .
- e e~ \J

(8107) epeue)

(%T'9%) Josn-Aeay —s—  (%6°€S) JasN-1ysi—e

8nup anased-e anasedn  Supjuup aduiq |oyodje
LY
STy
2 N
s 4 N
- s N
- - -’
. \ "
(610z) SN

(%6°9) Jasn-Aneay —e=

(%£°€T) 435n-21813pOW (%t'64) 495N-1481| —e—

fnup anasedp-s  anasesp  Bupuupaduig joyodje
5 /
\
N ’,
A} Z N
\ o1 S
A Y 7 -
\ 7 ~

-—-——

(9107) €340 yinos
(%0°2T) Jasn-Aneay —e—  (%0°8L) J2SN-3yBI|—e—

snip anesedne  ouaedn  SunuupeBug  joyode

(9102) pueibug

(%T1°02) 495n-33B13pOLU ~
(% 6T) 19sN-Aneay —s—
Snap aasedn-s

(%8°09) 43sn-1y31| —e—

anasedin  Sunuupaduig  joyodje

————a = — — =07

(9107) epeue)

(%6'EY) 1asN-AnBAY —e—  (%T'9S) Jasn-1ysi|—e

8nup anased-a anasedn  Bupuup aduig |oyodje
P
AT N
N
. B N
- ———— » <
A )
(¢102) SN

(%9°ST) 495n-a3esapow

gnip anaedn-a

(%b°L) 195N-ANESY =t =

(%0°£L) 425n-3y81| —e—

anasedin  Supuupadulg  joyodje

\ b4
(...IIIA\ N

(¥102) 310y yinos

(%0°27) 495n-ArEoY —e =

8nip anasedi-a

(%7 €€) 49sn-Aneay —e=

anp aj2.e819-2

(%0°8L) 495N-1YB1| mtmm

omesedn  Supjuupaduig  [oyodle

(#102) puejbu3

(%8°99) Jo5N-1y8I| —e—

onasedin  SupuupaBuig  joyodle

(%L L1) 19sn-Aneay —e=

Snup anasedn-a

P

(¥102) epeue)

(%€°Z5) 19sn-1yS1)| —e—

anasedin  Bupuup auig Joyoaje

(§107) Sn

0

90

80

Korean Academy of Community Health Nursing



186

Chaehee Kim, et al. ® Patterns of Adolescent Substance Use

cantly from year to year. In US, the heavy-user group constituted a
substantial portion relative to other nations (36-48% in US, 19-
33% in Canada, 22% in England, 6-7% in South Korea). Drug
use probability was higher in US and Canada (A>0.7) than in
other countries (A= 0.48-0.68 in England, A =0.02-0.07 in South
Korea).

In US and Canada, e-cigarette and drug use were found to be
impactful in group classification. In US, the heavy-user class, com-
promising 36-48% of the respondents, exhibited markedly high
probabilities of using substances including alcohol (93-97%),
binge drinking (31-39%), cigarette (46-65%), e-cigarette (79-
89%), and drug (75-83%). In Canada, the heavy-user class exhib-
ited high probabilities of using substances that included alcohol
(97-99%), binge drinking (54-59%), cigarette (64-86%), e-ciga-
rette (58-97%), and drug (71-94%). The moderate-user class in
Canada exhibited higher probabilities of using five substances
than light-user class, with alcohol as high as heavy-user class (90-
100%), but other substances not as high.

In England and South Korea, the usage of alcohol and e-ciga-
rette played a significant role in determining group classification.
The heavy-user class in England, which comprised of 36-48% of
the respondents, demonstrated notably high probabilities of us-
ing substances including alcohol (90-93%), binge drinking (37-
48%), cigarette (55-71%), e-cigarette (71-94%), and drug (48-
68%). In South Korea, while the probability of drug usage was
significantly lower compared to other countries, the drug usage
probability in the heavy-user class was 5-22 times higher than that
in the light-user class. The moderate-user class in South Korea ex-
hibited higher alcohol use than in heavy-user class, but other sub-
stances were lower.

Regarding the COVID-19 situation, the proportion of
heavy-users in US, England, and South Korea has decreased com-
pared to before (from 46.1 to 36.0 in US, from 22.8 to 21.6 in
England, and from 6.2 to 5.5 in South Korea). In terms of drug

usage, the probability decreased in all three countries.

Relationship between class membership and individual
characteristics

The multinomial logistic regression indicated that adolescents in
the heavy-user class were expected to be significantly older than
those in light-user class in all four countries (e.g,, Canada in 2018,
OR=1.82,95% CI=1.80, 1.85) (Table S). The analysis also re-
vealed that males had a greater probability of belonging to the
heavy-user class as opposed to the light-user class than females in
both Canada (OR=1.13,95% CI=1.08, 1.18) and South Korea
(OR=5.06,95% Cl=4.73, 5.41).

Discussion

Our study identified several notable patterns and trends in ado-
lescents’ substance use across four countries: the United States,
Canada, England, and South Korea. The prevalence and patterns
of substance use among adolescents varies across the four coun-
tries. In US and England, two classes of users: light and heavy
were identified, while in Canada and South Korea three classes
were identified, including a moderate-user class between light and
heavy users. The proportion of heavy-user class was predominant
in the US (over 40%) and Canada (over 30%), followed by En-
gland (around 20%) and South Korea, which stood at approxi-
mately 6%.

Drug use prevalence was highest in US (31.2-45.2%) and Can-
ada (24.8-31.1%), followed by England (15-22.4%) and South
Korea, with the lowest prevalence ranging from 0.7% to 1.0%.
Notably, in US (varies by state) and Canada, where cannabis has
been legalized, increased accessibility to such substances may en-
courage adolescent usage compared to other countries [49,50].
Our findings suggest that different regulations on substance use
across countries could have a significant impact on patterns of
substance use among adolescents. Although the prevalence of
drug use in South Korea may be low, it is essential to remain vigi-
lant due to the tendency of Eastern countries to frequently mir-
ror Western cultural trends [28 ]. Moreover, there's a concern that
the criminal justice approach to narcotics in Asia might inadver-
tently drive illicit drug use underground and consequently un-
derestimate its prevalence [51,52].

When comparing South Korea to three other nations, it was
evident that these countries’ populations had higher probability
of being heavy-user, and the prevalence of drug use as well as oth-
er substance use was higher. Given the growing concern about
youth drug use in Korea, as highlighted in studies [53,54], poli-
cies adopted in countries with high prevalence rates should be
closely examined. South Korea faces significant challenges in ad-
dressing youth drug addiction due to a scarcity of specialized
treatment facilities and a system that prioritizes punishment over
rehabilitation [55,56]. Despite the Youth Protection Act mandat-
ing treatment and rehabilitation for substance addiction, its im-
plementation is skewed towards punitive measures [57,58]. This
is evident in the limited availability of specialized treatment cen-
ters for youth and the emphasis on legal penalties over therapeu-
tic interventions [57,58]. Rehabilitation programs in Korea, in-
cluding those for adolescents, are not adequately funded or sup-
ported, leading to an inability to provide comprehensive treat-
ment and recovery strategies [57,58]. In contrast, Western coun-
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tries prioritize public health perspectives, offering various pro-
grams to address substance use issues. For example, the UK's ten-
year drug strategy promises significant funding for treatment ser-
vices and focuses on education and support for at-risk families
[59]. Canada invests in community-led programs and addresses
social determinants of health and drug use through federal pro-
grams [60]. In US, programs such as the SAFER university pro-
gram for preventing harm from binge drinking [61], and SBIRT
(Screening, Brief Intervention, and Referral to Treatment) for
preventing drug-related harm, are being implemented [62]. The
Korean government should consider adopting similar approach-
es in policy development by referencing such foreign examples.
There is a need for more specialized programs that cater to the
unique needs of adolescents, integrating educational support and
family therapy to address the broader impact of addiction on
young lives.

The prevalence and patterns of substance use among adoles-
cents varies across four countries. The light-user class, which
compromised 53-84% of the population in each country, showed
relatively lower probability of substance use. However, alcohol
use was still high in this class, suggesting that drinking is wide-
spread among adolescents. The overall prevalence of alcohol use
was found to be the highest among all substances in four coun-
tries. Underage drinking poses significant risks across various de-
velopmental domains, including academic, social, physical, and
psychological aspects [63]. Research indicates that early alcohol
consumption increases the likelihood of developing mental
health problems, such as depression, anxiety, and suicidal ten-
dencies later in adulthood [64]. Moreover, alcohol use during
adolescence can interfere with brain development, causing long-
term cognitive impairments and emotional instability [64]. Fur-
thermore, underage drinking may potentially lead to the use of
other substances [63]. Interventions should be provided to pre-
vent alcohol use among adolescents. For example, one Australian
research finding showed that relevant education provided to
both students and parents was effective in reducing alcohol use
and preventing alcohol abuse in adolescents [65].

The adolescents in the heavy-user class were found to have a
significantly high probability of using not only alcohol but also
substances such as e-cigarettes, cigarettes, and drugs. E-cigarette
use played an important role in determining the class between
light-user and heavy-user. According to a US study [66], the use of
regular cigarettes is decreasing and the use of e-cigarettes is in-
creasing among adolescents, which is consistent with our results.
It is said that the use of e-cigarettes leads to later use of cigarettes
and other dangerous substances such as marijuana [66]. Govern-

ment-level measures should be taken to prevent adolescents from
being exposed to advertisements for e-cigarettes [67]. Addition-
ally, rather than blaming adolescents who smoke, education and
services should be provided to smokers to help them quit. In
Canada and South Korea, adolescents in the moderate-user class
used other substances less frequently than heavy-users, but had
higher probabilities of alcohol, cigarettes, and e-cigarettes use.
Implementing focused prevention strategies to deter them from
progressing into heavy users could be a priority.

The findings indicate that the COVID-19 pandemic has
caused notable alterations in the behavior of substance use
among adolescents, aligning with previous studies [23]. Adoles-
cents' substance use is influenced by peer pressure and emotional
detachment from parents [68]. The decline in substance use
during the COVID-19 pandemic can be ascribed to more time
spent within residential areas, less peer influence due to various
restrictions, less social use, and less accessibility [23]. Under-
standing the factors that influenced changes in substance use be-
haviors during the pandemic can inform the development of
more effective and targeted strategies to address adolescent sub-
stance use in the future.

Individual characteristics such as gender and age played signifi-
cant roles in determining substance use classes among adoles-
cents. Older adolescents were more likely to engage in moderate
or heavy substance use compared to younger adolescents. As
noted in certain studies, this tendency in older adolescents may
be related to their perception of greater access to substances com-
pared to younger adolescents [69]. Gender disparities were also
observed, with males exhibiting higher odds of belonging to the
heavy-user class compared to females in certain countries (i.e.,
Canada and South Korea). Recognizing these demographic vari-
ations can offer valuable insights for creating focused interven-
tions customized for particular populations.

A key strength of this study lies in its innovative extension of
Latent Class Analysis (LCA) to classify substance users, followed
by an exploration of the association between substance user
classes and individual characteristics. Additionally, the study's
comprehensive examination of time trends spanning from 2014
to 2021 across four countries provides valuable insights into the
evolving landscape of substance use. However, the current study
has several limitations to consider. All data were reliant on self-re-
port measures from adolescents, which may be susceptible to so-
cial desirability bias [70]. Moreover, the original data of the four
countries were collected from adolescents attending school and
this may restrict the generalizability of findings to the broader
adolescent population. Canadian data for 2022 are not yet avail-
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able to the public and are therefore not included in this study,
which may raise concerns about the completeness and accuracy
of the observed time trends. Incorporating and analyzing this
data once it becomes available will provide a more comprehen-
sive understanding of recent trends. While we considered life-
time use of various substances, it would be beneficial for future
studies to include additional indicators in the analysis to take into
account the extent or severity of substance use and better delin-
eate substance user classes. Furthermore, the study's exclusive fo-
cus on four countries might hinder the applicability of its find-
ings to a broader context. Therefore, it is advisable to incorporate
data from diverse Asian countries or other continents' represen-
tative nations to gain a more comprehensive understanding of re-

gional variations.

Conclusions

This study provides important perspectives on the differences in
substance use trends among various countries and across time
periods. Despite South Korea’s low probability of drug use, care-
ful attention is needed due to Eastern countries’ tendencies to
emulate Western cultural trends [28]. A customized approach is
crucial to effectively dealing with and preventing adolescents
from becoming severe substance users, and to helping those who
are heavier users to reduce or avoid substance use. This approach
should take into account the unique regulations in each country,
the time dynamics, and the demographic traits to ensure a fo-
cused and thorough preventive strategy.
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