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2 Z4E H=2oA2] AUZFHHAEHO|2A FHS H AH|LHS
2022-20234
NI O, T 0, Yo, 48| 0, 22X 0, sE=
ey IHEN T HOo[R{AEA
z 5
A A FH o2 A (human immunodeficiency virus, HIV)+= $HAHAZE F(acquired immune deficiency syndrome,
AIDS)& 9O7]= HrolH AR, HIVY &2 Wol&-2 HIV/AIDS 94 s} oF 4] M=ol 2 FHo R AA . £ AFolA=

2022-202349 HIV Al #4942 & W=9S 22 HIV 4% 2 FAUE 34 #olg A5t sl HIV 73
st A stgick. W HIV /4% £2+= 329 BPo] 7Y $AI Ao 2 424 9om 2018-20194& 70.7%5 ZHAStH otk
o[ FEAfA= 20224 39.2%, 20239 40.5%% = BF <] o} o}F 9] A3 Hl&o] 76tk o] & AXFFNAY +
Ag tFAol Z713em 3] 2018-2019400= HEHA| ¢F9kd CRF_01B, CRF_0263, CRF_01BC2} Zo] A 7HA] o]Ae] ¢33
o] A %= vlo|g A7} th4: FlE|Qic)h ESE X §Eo] = Al A FAS Ao B YA ES B A%H 733,]. 20224¢3}+ 202349
Y7 5.2%, 6.7%% YErsth FHEZHo|HA oA AFE WEES Fn|et ZolE HolA] ghokrh whebA A ={7] A 8t Yio

§ 952 s}

A9 FAUAE L LA Ao §AHE Ao R BerEn Ao $AYY thapyo] ZAST o] whet ) 949 @
3 9 5k ARAS Tt 7o) Fashy] A Wste] tfe 37149 mUE o] Wastth £ A& H o2 BN AN

o ha
shot st 41 B4 52 WIF FAWYE B 4o] FAF A0 Bt

79 AM0l: Qe AR ol A; f4
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AIDS, UNAIDS)O w2 20234 7] oF 39.94gt tgo] 7+
HEof A= ATHIL Fol=
A3} FEuto] g Ado] &35l HIV-13} HIV-2& FLEECH
HIV-1-2 & AlA HIV Q19 oF 95% =& oS 2pA|st

AN B
ZoZ HIEW HIVE= HE=ZH

17 94 ool g A(human immunodeficiency virus,

HIV)= 34 H A28 S (acquired immune deficiency syn-

drome, AIDS)E doZ 4 Q& Hio|HAZ {4l ofo]= ™ major (M), new (N), outer (O), pending the identification

3+5 A ¥(The Joint United Nations Programme on HIV/ of further human case (P) 47}X]9] 1& 02 FLREHT}[2]. o]
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U HIV-1 5482 BHo] & 70%E AHA|oh &3] gh=
¥ o] 7 B2 ¥ AR Aoz I Q.
IS A=Eo] gl Ao FYEZHO|HAA WHES
oF 5% AT FrE 1 ot

@ M=Z0| €A & Eg2?

=4 HIV-19] 4% 5 53] AxdFol F7I6tder 7]
Z HIEA PPE CRF_01B, 0263, 01BC7} 712 &l
= ]lth A 5ol gl Ao A 9] FAWHES Bt 5.9%
2 OF 5% = AL Q32 ERIsHih.

@ AAEZ?

=g 24 BEY B2 vlEo] HA Al 9] {3 &
Q9] 27 S7hskal At 53] BYY thE 9ol &
Ad Axggo] A&2or FAHo| w} ofn| ezt
B Autd gt fAAg0l sHelAE B AeS
AJARRITE. IERE AA FAIUAPES 5% AFE FAHILE
Ao A& Q1 HUE Fo] Hasir.

T M 152 9719 92 F4%(A-D, FH, ], K2
= {4 W G714 L9 Aoli= 15-20%01H 47 1+ =4
o|%= 20-35%% FAA trg/de] 2 Hiolg Ao £3ITH3].
E3F & 747 olQdol= 157719 A £ (circulating re-
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combinant forms, CRFs)¥} I+ t]&F A 23+ (unique re-
TS di5E, I71
HE gt X P2 Bt @A 2adRA 59 A
T4 Hlo|EHo| Ao F7]H 0w Ao HHEIL o
o 53] Al 7}A] o]ito] Az AxgFol A&H R H
AHI JH4]. HIV 5-4F W ot A2 =2 14
A oz s AA7MAE F3_F HIV/AIDS ¥4l
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(cluster)& B/dsH= Zlo] gRlgo] et & AFAE §4
@ BE <JlolA Fet B 3H=F ofF BRE &S] &
AsAtHsI.

HIV A5Ae 4 Alg dAxas AAA, 284t A
g JHAEA IAA, A G4 JAA, FFEA AAA
2 FEE 24 o]z HE7F ¥ 3| (International AIDS
Society, IAS)O] W2 A AALS]oA A 7ol gl SRt
AU EC] 5% o4l B AR A WA HAAFE st
L Qleh FE A Aol EY S FAHEES 3.8%%
HuEgon BHFAO0 R oF 5% WeE FA = tHoe]. &
Aol A= 2022-2023 At ¥Rl digt 4% 9 oF
AWEE £42 &3 =W HIV /3 @30l dish oefsia

A g,
=14 EH
o =

1. 24 0 dx U8

2022-2023'9 HIV A7+ 4991 AAIE ol8skaled 2
O AL ARE 7|oro g2 AR A AAF (nucleic acid
quantitative test, NAT) 4] 34(20 copies/ml) ©]/<l 4
A& &4 didoz AAstalet. E3F NAT HAF 237 gl
AAY A5 A HE AAHAILE ER) 2HE 7|He R
= F7Fsh e

54
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~
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EH
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HIV

@

A RRAE 2061912 env, gag, pol YIAE 2+
Z} B} Z1 0. & 2 nested reverse transcription polymerase chain
reaction (RT-PCR) WO & ZZ3519t}. SZ% PCR prod-
uct Ao} ABAE Selol QINAL s Wt

ol AA| & 2547(20229 1214, 20234 13374)9] AA 9
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qigt 4% B4 FPotglon o 2AGHEA 9
A74 W 289l 54 y¥ke] T2 729l HIV DB BLAST

(https://hiv.lanl.gov/content/sequence/ BASIC_BLAST/ba-
sic_blast. html)E ©]-&-sto] 2A513ct. 4F 2= KA
(%) 719to2 245199 env, gag, pol ZH2te] 443
AIE Fobote] TSR HIV AW £42 AARE
Z17]15-(World Health Organization, WHO) &4 7}o]=[7]
of AAE AHREE AU Tlo]El H|o]AF o]-&5toH
8 oAU Bo] RS Eotste] S a4 AAA, 1
AL/ AL AG FHAAEA AAA|, TERA JAAE 42
BAIAh £ AMEs gty HIV FAWA T2

(https://hivdb.stanford.edu/hivdb)& ©]-&35to] A4S 43

stgoml wolol WAA AL Aol =

o
T
HIV A5t 99 3 W= AA 25448 o= &
ARYE B4 A3, =3 oFF B7F Bt 42.5% (20224

43.0%, 20239 42.1%)2 7V =9tom =y HIV-1 I
ol 98 fHFoZ FRIFAT. 2T H 50.7%0]
] o] & CRFO1_AE’} 19.5%% 7P @2 v]%S A5}

At} o]99] §HFP-L CRF 01B 11.2%, CRF 0263 6.9%,
CRF_01BC 6.4% %°]% 5% o]y &% CRF02_AG 4.8%,
CRF_BC 1.1%, CRF_cpx 0.8%7} E-4 = ch(2d 1) [8]

2. EHEZHOIRAN AIEE Hd 24 21t
FHEzHo|H A ADE WS SRl A, A&
o] e EANA 9] FAUPES TLEE AAAI(6.8%),
AANAN6.4%), S ai AAA
AANAN(4.2%) o™ Bt °F

vl A FHAtE A

(6.2%), Wt AE A AL
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W4
| L1231, M46L, N83Do|A] Z+zh 144 BEA =10 2023

ol v32Il A 14 BAEgs B4 A A4S 2
N e AW

O I

2 T215Y (B A, S) WHol7l 3407 7
S HYoH 2023doE g FH= 1402 7FASH bt

(S

. K70N°] 2702 71 go] 4= 13l L210W, T215S
t Z2r 1724 BEAE A AlD JAA oA = 2022
Wo K103N, V179E (= FollA Zh 144 E4= o
202240l EQ1E]R] ke P225H Hol7t 24
Wol BAE]1, 2022\d0] ERIH Wo] 5 VI79F%t 171 &

AEQlch Bas AR A9, 47H oAl F 7P o
HRojA HolE HYon 2022Wo= E92Q (E& V)
o} Y143R (BE=
Aot 202340l
S230QR, R263K ¥-9lolA 7tz 144 A= It E3

N

CENGE:

S)ol 27k 37, G118PRSW7} 14 £A4 =
E92Q, G118LRV, E138K, Q148HP,

100 - CRF_01BC
— CRF_BC
- _
. Bl CRF_cpx
80 - . BN CRF 0263
. CRF02_AG
S BN CRF_01B
o 60 7 Bl CRFO1_AE
£ m C
780 KR-B
R’ 40 A B
0 A
20 -
O T T 1
2018-2019* 2022 2023
Sl

J8 1. HIV A 7299 5 W= W HIV-1 &
2022-20234

25479 AASl dgt A4 B4 Yoo vl 2AgHE
A2 A4 Y 289 B4 7 22 IS o]-gslo] EAIYIT)

HIV=human immunodeficiency virus; CRF=circulating recombinant

FAE X,

form; cpx=complex; KR-B=Korean clade HIV genotype B type.
*Data from the article of Park et al. (Public Health Wkly Rep
2020:13:2948-55) [8l.
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e 2utol2| A% AL oA E—ﬁ(wg
Hho] AR E HIV FAUWA ZE D

S PANL AR 3

dolutegravir (DTG) 2FAI2} HAE WA LAY RlES= 2022
4 178014 20234 5722 S5t

= 9
—_

=4 2022-2023d Ak
Y BEx 4 FYEZHo|HPA

H HIV Al FdAAA 9] &
Al W7ol Hs A sk

w4 HholdAel HIVE §47 thab4o] kon] 79 of
£ 27} 502 Jld $49 7 AXTY i A%k we
A 2745k gk, 2AdHnA 29 A4 dojeHo] s

o = BuH 33
QA 15770] Huslel om A&Hos Z7en 9

32 AA(71=Y: 20239 7€ 21

B7} 71 @O CRFO1_AE, CRF_01B =08 EXA 5]

18 2018-2019'9 219 oFg B7F 70.7%% Z4H A
of Bl3(8] 2022-2023d°l= W=l WolM = 22t 43.0%,
A3] F4stch v AP 23.9% A

Frkstgon 8% 37

42.1%=2 &
20229 47.9%, 20239 53.4%=
¥ Ao d2Ht. ol HIV $499 terdol Zvhet
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o B
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, 2

AA AGE YA HlE, 2022-20239

oAl 1457, FaL 9

IV=human immunodeficiency virus.

I Qe A FEFHE dAR BRF 22 oA TSt
2 FA9S 24 49 7€ 79
CRF02_AGO|| ?+=3 oFg B7F Alxdd A= JE o] F4
2 z}ols}

518 CRFO1_AF,

e
E
O

F(CRF_01B, CRF_cpx, CRF_BC, CRF_01BC &
et ol AW AxFF Y] LAl 9] FYE otz =y
oA §3 S F4F 1 A2 JFS W gon, o
Ao Helt, E3t B gja)
S7F o] B A7 Aros 2esiA] oot Yu 9=}l
FE 3T s oA 2
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FE G A 9

g FAgol dsfire A
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Agdgo] gle 79 & FHERuto| AR WAHE
< BRISH A3, Wt 5.9%= 7| 2 WEER gEA A
oF 3A bE2A &S FRlsttt. AR
20224 5.2%, 20239 6.7%2 A% ASstyou & S
glo] FAIHIL 152 glstlth. A 2= AW
Zoll= &pol7t QLo 471A] A oFA W W ES #ou
3t 2po]7h A H(p>0.05). T Ao HEt A4S &
A71E B4 9IA9] #ol7h A& o g BAE7|Hh
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Hog Uehvhs EAS B wet Axt A F oA

23] YA Eol &2 oAl BT 4 Qlsieh ohe 20224 3
3] o]} 44 A A E92Q Ho]
9] = Elvitegravir, Y143R<Z Raltegraviro]] &2 2FAY
& Hol:

TR Ho] &, FHas

T

208 HIHI Qo] o7t BT Jlow
Qlch. T3t A WHOOIM BUEHE AU Qe &
a4 JAIA DTG [101°] HEt oFAIWA A5 A% 23
U 20230 57108 F7tskoinh. wetbA
DTG FAWAo] thst 2441 LU E o] " gatm oFA L
g BA A FA BA 53 whgsto] EAIgoF gt

4 23 Y=l WM el g el /ol aA 7t

olf}
il

20224 140]912

= U o =X = =

aste

T3 P 5k AT HokS A% RAYe] BAAS
34 B0l A 2A o 2 PANAE st P B 5
9 ¥4 A7t WAt B FAWHES B9 tha 37}
& AL glont vlnd gFo s RAHTL o A&7
9l 241G Fo) AmE AFHL solsop A}
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Genetic Diversity and Drug Resistance of Human Immunodeficiency
Virus from Newly Diagnosed Human Immunodeficiency Virus—
positive in Korean, 2022-2023

Gayeong Kim @, Jin—Sook Wang @, Heui Man Kim @, Seolhui Kim @, Eun Ji Kim @, Myung-Guk Han*

Division of Viral Diseases, Department of Laboratory Diagnosis and Analysis, Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

Human immunodeficiency virus (HIV) infection can cause acquired immunodeficiency syndrome (AIDS). The high HIV
mutation rate is a major hurdle in vaccine and drug development. In this study, we analyzed the distribution of HIV genotypes
and drug resistance mutations in a Korean patient newly infected with HIV between 2022 and 2023. The Korean clade HIV
genotype B type (KR-B) was the most predominant HIV genotype, accounting for 70.7% in 2018-2019. However, recent
analysis results have confirmed that the distribution of genotypes other than KR-B will increase to 39.2% and 40.5% from
2022 and 2023, respectively. In particular the diversity of genotypes is expected to gradually increase as many recombinants
which were not detected in 2018-2019 such as CRF_01B, CRF_0263, and CRF_01BC. In addition, the drug resistance rate
in treatment-naive infected individuals is predicted to be 5.2% in 2022 and 6.7% in 2023. HIV drug resistance among the
different classes of antiretroviral drugs was not significantly different. Therefore, the proportion of resistance mutations in
the main drug classes will remain largely unchanged from 2022 to 2023. In conclusion, it is crucial to periodically analyze
the current status of domestic and epidemiological correlations. Also we have to continuously improve process because of the
increasing genetic diversity. A surveillance system must be established through periodic monitoring to analyze drug resistance

rates that reflect the latest trends.
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Introduction

According to the Joint United Nations Programme on
HIV/AIDS (UNAIDS), the number of individuals infected
with human immunodeficiency virus (HIV), the virus that
causes acquired immunodeficiency syndrome (AIDS), is ex-

pected to reach 39.9 million by 2023 [1]. HIV belongs to the
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retrovirus and lentivirus families and can be further classified
into two distinct subtypes: HIV-1 and HIV-2. Approximately
95% of all HIV infections worldwide are caused by HIV-1,
which is further subdivided into four groups: major (M), new
(N), outer (O), and pending the identification of further hu-
man case (P) [2]. The M group is comprised of nine single

genotypes (A-D, F-H, ], and K), exhibiting 15-20% sequence
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Key messages
(D What is known previously?

It is known that genotype B accounts for about 70% in
the Republic of Korea (ROK) and especially Korean clade
B was the highest proportion. In addition, transmitted
drug resistance (TDR) rate is estimated to be around 5%.

@ What new information is presented?

Recombinants increased and additionally analyzed
CRF_01B, CRF_0263, and CRF_01BC. The TDR in
treatment-naive patients was was approximately 5% (av-
erage, 5.9%).

® What are implications?

The proportion of Korean clade HIV genotype B type
(KR-B) is gradually decreasing and that of other geno-
types is increasing. The recombinants mixed with KR-B
were analyzed continuously. This suggests that various
genotypes have spread overseas and become indigenous
to ROK. Because the current drug resistance rate is
maintained at approximately 5%, continuous monitoring

is necessary.

variation within genotypes and 20-35% variation between
genotypes, indicating a high level of genetic diversity within
this virus [3]. In addition to the single genotype, there are 157
circulating recombinant forms (CRFs) and some unique re-
combinant forms (URFs), each of which exhibits a distinct dis-
tribution pattern across continents and countries. Currently,
the Los Alamos National Laboratory database is regularly up-
dated with the names of recombinant forms, with three or
more recombinant forms being consistently reported [4]. The
existence of numerous recombinant forms and a high degree
of genetic diversity within HIV genotypes has resulted in the
absence of a definitive HIV/AIDS vaccine and treatment. As

a result, several countries are actively engaged in research on
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molecular diagnostic characteristics, including the distribution
of genotypes and the phenomenon of drug resistance.

In the Republic of Korea (ROK), HIV genotyping and drug
resistance studies using specimens have been conducted since
the first confirmed case in the early 1980s, with type B report-
ed as the main subtype in the distribution of genotypes. In par-
ticular, molecular epidemiological analysis indicated that the
majority of genotypes formed a cluster; as such, the genotype
B in this study was categorized into foreign-derived type B and
Korean subtype B [5].

HIV drugs are categorized into nucleoside reverse tran-
scriptase inhibitors (NRTIs), non-nucleoside reverse tran-
scriptase inhibitors (NNRTTIs), protease inhibitors (PIs), and
integrase inhibitors (INSTTs). In accordance with the recom-
mendations of the International AIDS Society (IAS), pre-treat-
ment resistance testing is advised when the drug resistance rate
among treatment-naive patients in the community exceeds
5%. A recent study reported a domestic drug resistance rate of
3.8%, with the average resistance level estimated to be approxi-
mately 5% [6]. The aim of the present study was to analyze the
genotyping and drug resistance rates of newly diagnosed HIV-
positive individuals in 2022-2023 to provide insights into the

status of the HIV epidemic in ROK.

Methods

1. Selection of Specimens for Analysis

The specimens utilized in this study were derived from
new HIV infections occurring during the 2022-2023 period.
Specimens exceeding the limit of detection (20 copies/ml) in
the nucleic acid quantitative test (NAT) assay were selected for

analysis based on the diagnostic test results. In addition, for
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samples without NAT test results, analytes were added based

on the results of antibody detection tests (western blotting).

2. Analysis Methods

The HIV nucleic acid were extracted and amplified using
nested reverse transcription polymerase chain reaction (RT-
PCR), with the specific targets being the env, gag, and pol loca-
tions, respectively. The amplified PCR product was sequenced
by Sanger sequencing. Of the domestic specimens, the geno-
typing of 254 specimens (121 in 2022 and 133 in 2023) was
performed and analyzed using HIV DB BLAST (https://hiv.
lanl.gov/content/sequence/BASIC_BLAST/basic_blast.html),
an online analysis-based program at Los Alamos National
Laboratory, USA. The genotype results were analyzed based
on similarity percentage, and the genotype results of env, gag,
and pol were combined for subsequent analysis. An analysis of
HIV drug resistance was conducted using the Stanford drug
resistance database, following the criteria outlined in the analy-
sis guide provided by the World Health Organization (WHO)
[7]. The analysis encompassed PIs, NNRTIs, NRTIs, and
INSTIs with a particular focus on major drug resistance vari-
ant locations. Furthermore, the analysis was conducted using
the Stanford University HIV Drug Resistance Program (http://
hivdb.stanford.edu/hivdb). All variants exhibiting drug resis-
tance were included, with the exception of those exhibiting po-

tential drug resistance.

Results
1. HIV-1 Genotype Distribution

The genotyping of 254 Korean specimens among new HIV

infections demonstrated that Korean subtype B exhibited the
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highest average prevalence (42.5%, 43.0% in 2022 and 42.1%
in 2023) and was identified as the predominant genotype
of HIV-1 infection in ROK. Recombinant forms accounted
for an average of 50.7%, with CRFO1_AE accounting for the
most at 19.5%. Other genotypes included CRF_01B (11.2%),
CRF_0263 (6.9%), and CRF_01BC (6.4%). Additionally,
CRF02_AG (4.8%), CRF_BC (1.1%), and CRF_cpx (0.8%)
were all within 5% (Figure 1) [8].

2. Resistance Analysis Results by Types of
Antiretroviral Drugs
When examining resistance based on the type of antiretro-
viral drugs, treatment-naive patients had a higher likelihood of
developing resistance to INSTIs (6.8%), followed by NNRTIs
(6.4%), PIs (6.2%), and NRTTs (4.2%), with an average resis-
tance rate of approximately 5.9% (Figure 2). Based on the anal-

ysis of each genetic variant, drug resistance variants that reduce
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Figure 1. Prevalence of HIV genotypes among new diagnoses
from 2022-2023

A total of 254 samples were analyzed genotypes using an online
analysis program based in Los Alamos database. HIV=human
immunodeficiency virus; CRF=circulating recombinant form;
cpx=complex; KR-B=Korean clade HIV genotype B type. *Data from
the article of Park et al. (Public Health Wkly Rep 2020:13:2948-55)
[8l.
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Figure 2. Proportion of drug resistance rate in transmitted drug resistance over time, 2022-2023
We performed analysis of drug resistance by antiretroviral drug classes (PI, NRTI, NNRTI: 145; INSTI 190) and used the online Stanford

university HIV drug resistance database. PI=proteinase inhibitor; NRTI=nucleoside reverse transcriptase inhibitor; NNRTI=non-nucleoside

reverse transcriptase inhibitor; INSTI=integrase inhibitor; HIV=human immunodeficiency virus.

drug susceptibility in PIs were analyzed in L23], M406L, and
N83D in 2022, with only V321 evaluated in 2023. Regarding
NRTIs, the T215Y (or A, S) variant exhibited the highest drug
resistance rate, with three reported cases. By 2023, however,
the site had decreased to one case, whereas K70N was the most
frequently analyzed with two cases, followed by L2Z10W and
T215S with one case each. Among NNRTTs, the P225H vari-
ant, which was not identified in 2022, was the most frequent-
ly analyzed variant, with two cases, one each at K103N and
V179E (or F). In contrast, only V179F was analyzed among
the variants identified in 2022. INSTIs demonstrated the most
notable diversity of variation among the four agents, with three
cases each of E92Q (or V) and Y143R (or S), and a single case
of G118PRSW analyzed in 2022. In contrast, only one case of
each of the E92Q, G118LRV, E138K, Q148HP, S230QR, and
R263K sites was observed in 2023. Furthermore, the incidence
of resistance events associated with dolutegravir (DTG) agents

increased from one occurrence in 2022 to five occurrences in

2023.
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Discussion

The study examined the genotype distribution and antiret-
roviral drug resistance among individuals diagnosed with HIV
in ROK during 2022-2023. As a chronic virus, HIV exhibits
a high degree of genetic diversity, and the number of reported
recombinant forms between genotypes is increasing at a rapid
rate due to enhanced population mobility. According to the
Los Alamos National Laboratory database, 157 recombinant
forms have been reported to date (as of July 21, 2023), with
the number of cases continuing to increase [4]. Analysis of
the distribution of genotypes in ROK among 254 people with
HIV revealed that the most prevalent genotype was Korean
subtype B, followed by CRFO1_AE and CRF_01B, consis-
tent with findings of previous studies. However, compared
to 70.7% of Korean subtype B analyzed during 2018-2019
[8], the prevalence of Korean subtype B decreased sharply to
43.0% and 42.1% in 2022 and 2023, respectively. In contrast,
recombinant forms increased from 23.9% to 47.9% in 2022

and 53.4% in 2023, with further growth anticipated in the
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future. This is consistent with the worldwide trend of increas-
ing diversity in HIV genotypes. Furthermore, a recent analysis
of recombinant forms occurring in ROK identified new geno-
types (e.g., CRF_01B, CRF_cpx, CRF_BC, and CRF_01BC), in
which Korean subtype B was recombined with the previously
prevalent CRFO1_AE and CRFO2_AG. These findings indi-
cate that the emergence of domestic recombinant forms is in-
fluenced by recombination between prevalent domestic geno-
types and overseas introductions, suggesting the circulation of
diverse recombinant forms. Although not part of the findings
of this study owing to the limited number of individuals ana-
lyzed, genotyping of some foreign nationals revealed genotypes
that are predominantly prevalent within their respective con-
tinents of origin. In particular, CRFO1_AE, which is known to
be the predominant genotype in Southeast Asia, is the focus of
most analyses of foreign nationals from the region [9], under-
scoring the need for continued surveillance of globally preva-
lent genotypes.

Among treatment-naive individuals, the antiretroviral re-
sistance rate was found to be 5.9% on average, which did not
differ significantly from the known national resistance rate (ap-
proximately 5%). Although slight increases were observed an-
nually (5.2% in 2022 and 6.7% in 2023), these changes were
not significant. Although there is a degree of variability in the
level of resistance exhibited by the various agents, the analysis
revealed no statistically significant difference (p>0.05) in the
resistance rates across the four types of drugs. As there have
been sporadic analyses of variants at specific locations that re-
duce susceptibility to an agent, it has been challenging to iden-
tify prescription drugs with notably high rates of resistance
in ROK. Nevertheless, among the genetic variants analyzed

on three or more occasions in 2022, the INSTI E92Q variant

1872

demonstrated high resistance to elvitegravir, whereas the
Y143R variant exhibited notable drug resistance to raltegravir,
emphasizing the need for caution. This study also analyzed the
number of drug resistance cases for the INSTI DTG [10], cur-
rently recommended for monitoring by the WHO. As a result,
the number of cases was found to increase from one in 2022 to
five in 2023. This highlights the need for the continuous mon-
itoring of DTG drug resistance, with drug resistance analysis
reflecting the latest analytical trends.

The substantial increase in the genotypic diversity of HIV
observed within the country highlights the crucial importance
of comprehending the characteristics of the epidemic and its
transmission, through epidemiological association analysis.
Moreover, given the increasing diversity of genotypes, it will
be essential to stay updated on international analytical devel-
opments and continuous method enhancements for detecting
different genotypes.

In the future, additional research will be necessary to iden-
tify epidemiologic associations and analyze the evolving rates
of drug resistance with treatment, incorporating molecular
phylogenetic analysis of genotypes. Despite slight increases in
drug resistance rates observed in recent years, they have re-
mained relatively stable, emphasizing the necessity for ongoing

research to determine yearly trends.
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Strategies for Improving Infectious Disease Surveillance Systems in
Temporary Housing Facilities during Climate—related Disasters

Hye Young Lee' @, Sowon Kim? @, Jemma Park' (3, Yeongseo Ahn® @, Hyungyong Lee' @, Yun Jin Park' @, Jeong Ran Kwon'

Yuna Kim'*
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Prevention Agency (KDCA), Daejeon, Korea, *Incheon Airport National Quarantine Station, KDCA, Incheon, Korea, *Division of Healthcare
Associated Infection Control, Department of Healthcare Safety and Immunization, KDCA, Cheongju, Korea

ABSTRACT

Global warming-induced climate change is accelerating extreme weather events worldwide, which is particularly evident in
the increasing frequency and intensity of heavy rainfall. This study aimed to analyze the occurrence of infectious diseases
in temporary housing facilities established during heavy rainfall events in the Chungcheong region in 2023 and 2024 and
to identify the shortcomings of the current surveillance system while proposing improvements. The study found that local
senior centers and community centers were primarily used as temporary housing facilities; however, critical information on
environmental risk factors was not systematically collected, specifically data on ventilation systems and hygiene standards were
lacking. Furthermore, comprehensive age-related data on the housing facilities population were lacking, making it challenging
to assess the vulnerability of high-risk groups, such as the elderly. In 2023, one temporary housing facilities reported that
eight out of 25 residents tested positive for coronavirus disease 2019, likely owing to transmission within the facility. However,
similar cases were not observed in other housing facilities, which limits the generalizability of these findings. Ultimately, the
current surveillance system showed considerable limitations in effectively responding to infectious disease outbreaks owing to
incomplete data collection and inconsistent reporting. Therefore, it is essential to establish an information system that facilitates
faster data collection and reporting between local and central governments. This study is expected to serve as a foundational

resource for future disaster preparedness planning and improvement of infectious disease response systems.

Key words: Climate change; Communicable disease; Emergency shelter; Floods; Public health surveillance

*Corresponding author: Yuna Kim, Tel: +82-42-229-1520, E-mail: yunaghim@korea.kr

Introduction of extreme weather events worldwide. Republic of Korea
(ROK) has also witnessed a notable rise in the frequency and
Global warming and climate change due to industrializa- intensity of extreme weather events in recent years. From

tion and urbanization are causing an increase in the frequency June to August 2020, the central region (Seoul, Gyeonggi-do,
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Key messages
(D What is known previously?

Climate change is causing extreme weather events, such
as heavy rainfall, to occur more frequently worldwide,
increasing the risk of infectious disease outbreaks in
temporary housing facilities established for displaced
populations.

(@ What new information is presented?

The COVID-19 outbreak in a temporary housing facili-
ties in 2023 showed the potential for the transmission of
infectious diseases within a facility. However, informa-
tion on environmental risk factors (such as ventilation
systems and hygiene standards) and vulnerable popula-
tions (such as age and underlying diseases) is incomplete
and inconsistent, making it difficult to use these data for
timely decision-making.

(® What are implications?

The surveillance system in temporary housing facilities
must be improved to effectively manage the infectious
disease response during disasters. For this purpose, a
mobile-based data collection system and real-time data-
sharing framework must be established.

and Gangwon-do) experienced a rainy season accompanied
by torrential rains that lasted for 54 days, the longest period
since the beginning of weather observations; this resulted in
38 deaths [1]. In August 2022, Seoul was subjected to a pre-
cipitation event of 141 mm per hour, representing the most
extreme rainfall ever recorded in ROK. This resulted in sig-
nificant flooding in low-lying areas and extensive damage to
property. In July 2023, a precipitation event in Cheongju,
Chungcheongbuk-do, resulted in cumulative rainfall exceeding
500 mm, which led to the flooding of an underpass and also
caused 23 casualties [2,3].

In the wake of storm and flood disasters, including

1882

typhoons, heavy rains, and snowstorms, the government has
provided temporary housing facilities for disaster victims who
have lost their housing or are unable to live in their homes
due to the adverse conditions. The Korea Disease Control and
Prevention Agency (KDCA) operates an infectious disease sur-
veillance system in temporary housing facilities to detect pa-
tients with storm and flood damage-related statutory and non-
statutory infectious diseases at an early stage. Facilities provid-
ed as temporary housing include accommodations with food
and other amenities, as well as hospital-level healthcare facili-
ties for the relief of the vulnerable. However, it is not uncom-
mon for local senior centers and community centers to serve
as reception areas for temporary evacuations. These facilities
are characterized by a high density of individuals sharing rest-
rooms of limited capacity, a lack of clear physical boundaries
between the individuals, and crowded living spaces, which col-
lectively increase the risk of infectious disease outbreaks.

Public health research on infectious disease outbreaks dur-
ing disasters and the most effective strategies for their man-
agement is scarce. In the aftermath of the 2017 earthquake in
Pohang, Gyeongsangbuk-do, a considerable body of research
has been conducted on the spatial planning of temporary hous-
ing facilities. However, few studies have addressed the crucial
issue of infectious disease outbreak surveillance and manage-
ment. The KDCA provides the “Response Manual for Storm
and Flood Disaster (Typhoon, Heavy Rain, and Snowstorm)-
related Infectious Diseases” to minimize the outbreak, trans-
mission, and spread of infectious diseases through various
activities [4]. These include monitoring infectious diseases
centered on temporary housing facilities for disaster victims,
strengthening hygiene in the temporary housing facilities, and

disseminating preventive measures during disasters such as

www.phwr.org Vol 17, No 44, 2024
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storms and floods. However, whether the information gathered
through the current surveillance system for temporary housing
is useful for timely decision-making needs to be discussed.
Therefore, this study aims to present the status of infectious
disease outbreaks in temporary housing facilities operated dur-
ing the heavy rains in Chungcheong-do region from July 13 to
July 18,2023, and from July 8 to July 10, 2024, and to explore

ways to ensure effective public health surveillance.

Methods

1. Data Source

The study used data from the “Daily Surveillance Status
of Infectious Diseases in Temporary Housing Facilities for
Disaster Victims” reported to the Emergency Operation
Center (EOC) of the KDCA by four cities and prov-
inces in Chungcheong Province (Daejeon, Sejong City,
Chungcheongbuk-do, and Chungcheongnam-do) where tem-
porary housing facilities were operated in July 2023 and July
2024.

2. Study Period and Participants

The study included 408 temporary housing facilities (daily
cumulative) and 2,694 residents (daily cumulative) reported
from July 19 to July 26, 2023, and from July 10 to July 22,
2024. To provide a more detailed account, in July 2023, 176
temporary housing facilities (daily cumulative) were established
in Sejong City, Chungcheongbuk-do, and Chungcheongnam-
do, with the exception of Daejeon, and were utilized by 1,403
disaster victims (daily cumulative). In July 2024, 232 tempo-
rary housing facilities (daily cumulative) were established in

four cities and provinces, which provided accommodation for

www.phwr.org Vol 17, No 44, 2024

1,291 disaster victims (daily cumulative).

3. Data Analysis

The status of the facilities and the number of residents were
analyzed by frequency using Microsoft Excel 2016 (Microsoft
Corp.), and the results were presented as percentages. The
prevalence of coronavirus disease 2019 (COVID-19) in tem-
porary housing facilities was determined by dividing the total
number of individuals residing in the facility at the time by the
number of confirmed cases among them, while the occupancy
rate was calculated by dividing the capacity of the facility by the

number of individuals currently residing there.

Results

1. Reporting System for the “Daily Surveillance
of Infectious Diseases in Temporary Housing
Facilities for Disaster Victims”

The Ministry of the Interior and Safety, the agency in
charge of disaster management, determines the level of crisis
alert through a situation assessment meeting, taking into ac-
count the speed of development of the storm and flood disas-
ter and the ripple effects. When the ‘alert' level is reached, the
KDCA begin operating daily surveillance of infectious diseases
in temporary housing facilities. In response, each city, county,
and district submits a report to the city and province on the
“daily surveillance of infectious diseases in temporary hous-
ing facilities for disaster victims” at 20:00 on weekdays and
16:00 on Saturdays and holidays. The city and province then
collate the data from the city, county, and district and trans-
mit them to the EOC of the KDCA via email. The data that can

be gathered through this process are primarily classified into
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three categories: facility status, resident status, and daily moni-
toring of infectious diseases (Supplementary Table 1; available

online).

2. Facility Installation and Occupancy Status
1) Facility status
In July 2023, 1706 facilities were in operation for eight days
(daily cumulative), and in July 2024, 232 facilities were in
operation for 13 days (daily cumulative). In terms of facility
types, local senior centers and community centers accounted
for a high percentage of the total, but in 2024, public facilities

(welfare centers) were mainly used in Daejeon (Table 1).

2) Occupancy status

In July 2023, the number of daily users reached 1,403

(cumulative), while in July 2024, this figure declined to 1,291
(cumulative). The distribution by province was the highest in
Chungcheongbuk-do in 2023 at 1,192 and Daejeon in 2024
at 759. Differences in distribution by gender and age should
be interpreted with caution due to missing information during

the data collection phase (Table 2).

3. Daily Surveillance Status of Infectious
Diseases in Temporary Housing Facilities for
Disaster Victims
In 2023, nine outbreaks were reported at three facilities. Of

these, two sites (designated as A and C) had three confirmed

cases of COVID-19 (Table 3). In temporary housing facil-
ity A, an on-site epidemiological investigation was conducted

due to a persistent outbreak of COVID-19 cases. Although the

Table 1. Temporary housing facilities operated in the Chungcheong-do region in July 2023 and July 2024
Duration Mana;ge_d. housing Total S T Chungcheongbuk—Chungcheongnam-—
acilities do do
2023 Type of housing 176 (100.0) 0 22 (100.0) 126 (100.0) 28 (100.0)
(19 July—26 July)  facilities
Local senior center 73 (41.5) 0 10 (45.5) 50 (39.7) 13 (46.4)
Village hall 70 (39.8) 0 12 (54.5) 49 (38.9) 9(32.1)
School 15 (8.5) 0 0 13 (10.3) 2(7.1)
Public facility” 9(5.1) 0 0 7 (5.6) 2(7.1)
Private 2(1.1) 0 0 0 2(7.1)
accommodation

Others” 7 (4.0) 0 0 7 (5.6) 0

2024 Type of housing 232 (100.0) 15 (100.0) 1 (100.0) 75 (100.0) 141 (100.0)

(10 July—22 July)  facilities
Local senior center 78 (33.6) 2 (13.3) 0 53 (70.7) 23 (16.3)
Village hall 86 (37.1) 0 1 (100.0) 0 85 (60.3)
School 0 0 0 0 0
Public facility” 29 (12.5) 12 (80.0) 0 12 (16.0) 5(3.5)
Private 24 (10.3) 16.7) 0 0 23 (16.3)
accommodation

Others” 15 (6.5) 0 0 10 (13.3) 5(3.5)

Unit: n (%). A)Community welfare center, welfare hall, temporary living facility, resident autonomy center, etc. Yprivate facility office,

residential village warehouse, container shelter.
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Table 2. Demographic characteristics of temporary housing facilities population in Chungcheong-do region
Duration Characteristics Total Daejeon-si  Sejong-si Chungcf:jeoongbuk— Chungchggngnam—
2023 Total 1,403 (100.0) 0 77 (100.0) 1,192 (100.0) 134 (100.0)
(19 July=26 July)  Sex
Male 476 (33.9) 0 31 (40.3) 412 (34.6) 33 (24.6)
Female 458 (32.6) 0 46 (59.7) 360 (30.2) 52 (38.8)
Unknown 469 (33.4) 0 0 420 (35.2) 49 (36.6)
Age group (yr)
0-19 22 (1.6) 0 0 20 (1.7) 2(1.5)
20-49 90 (6.4) 0 15 (19.5) 71 (6.0) 4(3.0)
50-64 286 (20.4) 0 0 257 (21.6) 29 (21.6)
=065 536 (38.2) 0 62 (80.5) 424 (35.6) 50 (37.3)
Unknown 469 (33.4) 0 0 420 (35.2) 49 (36.6)
2024 Total 1,291 (100.0) 759 (100.0) 1 (100.0) 196 (100.0) 335 (100.0)
(10 July—22 July) Sex
Male 490 (38.0) 326 (43.0) 0 81 (41.3) 83 (24.8)
Female 572 (44.3) 328 (43.2) 1 (100.0) 73 (37.2) 170 (50.7)
Unknown 229(17.7) 105 (13.8) 0 42 (21.4) 82 (24.5)
Age group (yr)
0-19 24 (1.9) 0 0 0 24 (7.2)
20-49 82 (6.4) 64 (8.4) 0 10 (5.1) 8(2.4)
50-64 414 (32.1) 322 (42.4) 0 60 (30.6) 32(9.6)
>65 448 (34.7) 268 (35.3) 1 (100.0) 86 (43.9) 93 (27.8)
Unknown 323 (25.00 105 (13.8) 0 40 (20.4) 178 (53.1)
Unit: n (%).

density in the facility was not high, the transmission was pos-
tulated to be attributable to the frequent intermingling of resi-
dents within the facility. In 2024, however, there were no re-

ported cases.

1) Temporary housing facility A
On July 19, 2023, temporary housing facility A was in-
stalled in the auditorium of a middle school. The facility en-
compassed an area of 744 m” and had a maximum capacity of
180 individuals, with relief tents set up for the residents. On
the day of the installation, a considerable number of individu-
als relocated for the purpose of evacuation. However, from day

2 until the end of the surveillance period, approximately 30

www.phwr.org Vol 17, No 44, 2024

individuals lived there daily. A total of three cases with having
symptoms occurred during the surveillance period, including
that of an 82-year-old female with a fever who was diagnosed
with COVID-19 on July 25, day 7, followed by four more
COVID-19 confirmed cases on the same day.

A field epidemiological investigation was conducted on July
206, and preemptive testing for COVID-19 among the remain-
ing residents yielded three additional cases, bringing the over-
all incidence rate to 32.0% (8/25). All of the confirmed cases
were older adults aged 65 and older, and seven of these indi-
viduals were hospitalized in healthcare facilities, while one was
discharged to isolation at home. The epidemiological investiga-

tion revealed that the facility had an occupancy rate of 13.8%
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Table 3. Characteristics of individual with symptoms in temporary housing facilities in July 2023
Individual with symptoms Housing facilities
pousing Reporting Facility -
name date Sex Age Symptoms  Diagnosis Location Type size Cejgeiiy hog.3|.ng
(yr ) (person) faC|I|t|§s
population
Housing 21 July, Female 86 Diarrhea - Chungcheong- School 744 180 27
facilities A~ 2023 buk-do
25 July, Female 82 Fever COVID-19 Chungcheong- School 744 180 25
2023 buk-do
25 July, Female 50 Diarrhea - Chungcheong- School 744 180 25
2023 buk-do
Housing 19 July,  Female 39 Fever, - Chungcheong- Public facility 896 100 91
facilities B~ 2023 headache buk-do
24 July, Male 64 Diarrhea, - Chungcheong- Public facility 896 100 72
2023 abdominal buk-do
pain
24 July, Female 84 Diarrhea, = Chungcheong- Public facility 896 100 72
2023 abdominal buk-do
pain
26 July, Male 73  Fever, = Chungcheong- Public facility 896 100 67
2023 headache buk-do
Housing 26 July, Female 62 Sorethroat COVID-19 Chungcheong- Private - 30 19
facilities C 2023 nam-do accommod-
ation
26 July,  Male 68 Sore throat COVID-19 Chungcheong- Private - 30 19
2023 nam-do accommod-
ation
COVID-19=coronavirus disease 2019.

(25/180), with the residents primarily utilizing the facility
during nocturnal hours, thereby reducing the overall density
of the facility. However, they may have experienced increased
physical fatigue coupled with the mental stress associated with
assuming responsibility for repair work at home despite their
advanced age. Given that there was little change in the number
of residents from day 2, the virus was assumed to have spread
within the facility through frequent contact between the resi-

dents, considering the rural community lifestyle.
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2) Temporary housing facility B

On July 19, 2023, temporary housing facility B was in-
stalled in a public facility (welfare center). The facility encom-
passed an area of 896 m? and had a maximum capacity of 100
individuals, with relief tents provided for the residents. On
the day of the installation, 91 disaster victims were admitted,
which resulted in an increase in density. However, this gradu-
ally decreased to 67 by the end of the surveillance period (July
206). The facility had four symptomatic individuals, three of
whom improved after taking over-the-counter medication and

one had an underlying medical condition (hypertension) and
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was hospitalized.

3) Temporary housing facility C
Temporary housing facility C, located in a private lodg-
ing establishment, had a maximum capacity of 30 people.
However, 19 people were admitted, all of whom were living
in rooms. On July 26, two people with sore throats were diag-
nosed with COVID-19, but the surveillance was discontinued
the following day, and no further information about additional

cases was available.

Discussion

This study investigated the outbreak of infectious diseases
in temporary housing facilities operated during the heavy rains
that occurred in July 2023 and July 2024 in the Chungcheong-
do region. Surveillance in temporary housing represents an ef-
ficient means of promptly identifying and characterizing the
health issues and concerns of residents, thereby facilitating the
development of evidence-based strategies [5]. Nevertheless, it
was determined that the data currently collected in the form
of “daily surveillance status” require enhancement in terms of
quality and rigor to serve as objective and scientific evidence.

Important elements of the surveillance process include de-
cisions about when to activate surveillance, the form in which
data will be collected, the elements of data to be collected, the
method in which information about the temporary housing fa-
cilities should be aggregated, and who and how to report after
aggregation [6]. These factors are also reflected in the “Response
Manual for Storm and Flood Disaster (Typhoon, Heavy Rain,
and Snowstorm)-related Infectious Diseases” published by the

KDCA [4]. However, the data collected by local governments

www.phwr.org Vol 17, No 44, 2024

and reported to the central government are frequently incom-
plete and do not include information that could identify risk
factors. In particular, the survey items concerning temporary
housing facilities (square footage and number of residents)
were frequently absent, and they did not include any elements
for assessing environmental risks (ventilation, sanitation, etc.).
Furthermore, gender and age were considered variables to as-
sess potentially vulnerable groups among residents, but the
information collected on these variables was not sufficiently
detailed. In particular, data on underlying medical conditions
were not available, which precludes the possibility of assessing
vulnerability for personalized interventions. In 2023, one tem-
porary housing facility exhibited a high incidence rate (32.0%)
due to a considerable number of COVID-19 cases. Respiratory
infectious diseases represent the most frequently reported in-
fectious diseases associated with overcrowding in temporary
housing [7]. However, the facility was not densely populated,
and similar outbreaks were not reported in other facilities,
which makes it challenging to ascertain the degree of associa-
tion with confidence.

In ROK, temporary housing facilities have been in opera-
tion for an extended period following two major natural disas-
ters: the 2017 earthquake in Pohang, Gyeongsangbuk-do, and
the 2019 wildfires in Goseong-gun, Gangwon-do. During the
heavy rains in the Seoul metropolitan area (Seoul, Gyeonggi
Province) in August 2022, the Ministry of the Interior and
Safety, the KDCA, and local governments organized a task
force team to conduct on-site inspections of temporary hous-
ing facilities due to a combination of the COVID-19 pandemic
and natural disasters. These examples highlight the need for a
tailored response system as infectious disease outbreaks and

corresponding strategies vary depending on the specific type of
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disaster. For example, an earthquake can destroy infrastructure
such as electricity, water, and gas, causing major social disrup-
tion. A study conducted in Japan revealed a significant negative
correlation between the availability of clean water and the prev-
alence of respiratory and gastrointestinal infections following
a disaster [8]. Therefore, prioritizing the mitigation of infec-
tious disease risks in earthquake scenarios is imperative, which
entails addressing the potential for disease transmission due to
the destruction of infrastructure and the deterioration of sani-
tation systems. Wildfires are more than just an environmental
disaster; airborne toxins can cause respiratory illnesses, and a
study conducted in the United States demonstrated that even
short-term exposure to air pollution from wildfires can cause
atopic dermatitis and itch, resulting in a surge in health care
use [9]. Therefore, the management of skin diseases must be
considered a significant aspect of the wildfire-related infectious
disease response. In addition, heat-related morbidity and mor-
tality are expected to rise owing to climate change [10], with
ROK experiencing a spike in estimated heat-related deaths in
2024 due to heatwaves. Prolonged heatwaves may require the
establishment and management of temporary housing facilities
for vulnerable populations, who are unable to care for them-
selves. Therefore, implementing an early warning surveillance
system to facilitate the timely detection of and preparation for
emergencies is crucial.

The most effective and widely recommended strategy
for preparing for and responding to these various disasters
is the establishment of an adequate disease surveillance sys-
tem. Therefore, this study makes several recommendations for
building a unified data collection system and reliable report-
ing. First, the development of a mobile application to facilitate

the prompt and efficient collection of data from temporary

1888

housing facilities is advisable. The expected benefit of this is
that unstructured information such as photos, video files, and
audio files can be delivered to local health officials at a certain
threshold, which will enable early identification of potentially
epidemic diseases [11]. Second, the method by which local
governments submit reports to the central government must
be modified from a paper-based system to a web-based system.
There are limitations to the representativeness of information
collected in a short period during a disaster. The implementa-
tion of additional information collection and the accommoda-
tion of these data in real time between local and central govern-
ments will facilitate the possibility of more proactive interven-
tions. Finally, organizing the data in a manner that facilitates
their utilization as a resource for long-term research endeav-
ors is crucial. The collection of data from disaster victims who
have experienced disasters and are residing in temporary hous-
ing facilities can identify actual and potential health problems,
which can help inform evidence-based policy.

This study has a few limitations. First, the study area was
limited to the Chungcheong-do region, which may limit gen-
eralizability to other regions or disaster situations. Second, the
lack of consistency and accuracy in reporting during data col-
lection requires caution in interpreting the results presented.
Third, the narrow and limited information collected prevented
the assessment of the threats posed by temporary housing facil-
ities. Therefore, future research should be conducted prospec-
tively in different regions and disaster contexts to establish a
sophisticated and comprehensive surveillance system for infec-
tious diseases in temporary housing facilities, which can serve
as a resource for timely decision-making.

This was the first study to investigate the outbreak of in-

fectious diseases based on the data collected from temporary

www.phwr.org Vol 17, No 44, 2024


http://www.phwr.org

I Public Health Weekly Re.:uu’\

housing facilities operated during the heavy rains that occurred
in the Chungcheong-do region in 2023 and 2024. This study
identified incomplete data, inconsistent reporting, and a lack
of information about environmental risk factors as key prob-
lems with the current infectious disease surveillance system
and made recommendations for improvement. The study is
expected to facilitate the timely acquisition of crucial insights
for the formulation of effective public health preparedness and
response strategies in the context of climate change-induced

extreme weather events.
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Results of the 2023-2024 "Winter Cold-related lliness Emergency
Room Surveillance System,

Juhyun Lee @, Daeshik An @, Younjhin Ahn*

Division of Climate Change and Health Hazard, Department of Health Hazard Response, Korea Disease Control and Prevention Agency,
Cheongiju, Korea

ABSTRACT

Since 2013, the Korea Disease Control and Prevention Agency has monitored the occurrence of cold-related illnesses (e.g.,
hypothermia, frostbite, chilblains, immersion disease, and immersion foot disease) every winter (i.e., December to February
of the following year), targeting over 500 emergency medical institutions nationwide. A total of 507 institutions nationwide
participated in the 20232024 seasonal cold-related illness surveillance system (as of December 2023). During the operation
period (i.e., December 1, 2023, to February 29, 2024), 400 cases of cold-related illness were reported, ultimately with 12
patients presumed to have died. The total number of patients decreased by 10.5% (47 patients) compared to that of the previous
year (447 patients). The national average temperature in the winter of 2023 (December 2023—February 2024) was 2.4C, which
was 1.9C higher than the annual average of 0.5C. A temporary cold wave occurred in mid-to-late December 2023 and late
January due to the influx of cold air from the North Pole. Most patients with cold-related illnesses were male (268 patients,
67.0%), over 80 years old (132 patients, 33.0%), and unemployed (147 patients, 36.8%). The most common location of
occurrence was on the roadside (86 patients, 21.5%), followed by home (72 patients, 18.0%) and residential areas (57 patients,
14.3%). The occurrence time was continuous throughout the day; however, 34.5% (138 patients) of all cases occurred during
morning activity hours from 6 a.m. to 12 p.m. Of all patients, 21.3% (85 patients) were intoxicated upon presentation, and the

most common cold-related illness was hypothermia (318 patients, 79.5%).

Key words: Cold-related illness; Hypothermia; Frostbite; Surveillance system; Cold wave

*Corresponding author: Younjhin Ahn, Tel: +82-43-219-2950, E-mail: carotene@korea.kr

Introduction intensity and duration of cold waves are likely to escalate due

to climate change [1].

Global warming involves more than just rising tempera- A cold wave is a meteorological event characterized by a
tures; it impacts the intricate climate systems, leading to more sudden drop in winter temperatures. According to the Korea
severe and unpredictable weather events, including more in- Meteorological Administration, a cold wave day is defined as
tense and frequent cold waves. Research indicates that the a day when the minimum morning temperature falls below
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Key messages
(D What is known previously?

Global warming affects complex climate systems and
causes stronger and more frequent cold waves. The in-
tensity and duration of cold waves are expected to in-
crease because of climate change.

@ What new information is presented?

The number of patients with cold-related illnesses dif-
fered according to the period, region, and main occur-
rence characteristics.

(® What are implications?

Appropriate preventive measures should be implemented
to prevent the occurrences and deaths of patients with
cold-related illnesses. Therefore, attention must be paid
to weather forecasts, the perceived temperature when
going out, and health guidelines for cold waves, such
as wearing hats, scarves, and gloves to maintain body
temperature.

-12T [2].

Cold waves pose significant health risks, leading to condi-
tions such as hypothermia, frostbite, chilblains, immersion dis-
ease, and immersion foot. These conditions are particularly se-
vere among vulnerable populations, including the elderly, chil-

dren, and the homeless [2].

700 7 correlation coefficient: 0.737*
600 -
500 A
400 A
300 A
200 A
100 A

Patients with CRI (person)

On February 3-4, 2023, the Northeastern United States
experienced a record-breaking cold wave, with maximum tem-
peratures plummeting to -44C and wind chill temperatures
reaching -78T. This extreme weather resulted in one fatality
due to strong winds and led to the closure of public schools in
Boston and Worcester, Massachusetts, as well as Buffalo, New
York. Simultaneously, neighboring regions in Canada, includ-
ing New Brunswick, Ontario, and Toronto, also experienced
severe cold. In the UK, Scotland recorded a minimum tem-
perature of -15T on March 8, 2023, the lowest for March
since 2010. Notably, unusual low temperatures were recorded
across Japan, China, Taiwan, Myanmar, Afghanistan, and even
Australia in Oceania [3]. A multinational study examining the
mortality risks associated with ambient temperature found
that deaths attributed to cold (7.29%, confidence interval [CI]
7.02-7.49) were significantly higher than those caused by heat
(0.42%, CI 0.39-0.44) [4]. Additionally, a 1T decrease in
temperature was linked to an increase in mortality from respi-
ratory diseases (2.90%, CI 1.84-3.97) and cardiovascular dis-
eases (1.66%, CI 1.19-2.14) [5].

In the Republic of Korea (ROK), the average number of
cold wave days each winter from 2013, when the cold-related

illness surveillance system was established, to 2023 was 5.3

Il Cold wave days r14
—+— Patients with CRI (person) | 12

sAep anem pjoD

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Figure 1. Number of cold wave days (2013-2023) and patients with CRI of winter by year

CRI=cold-related illness. *p<0.01.
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days. During this period, there has been a consistent occur- the incidence of cold-related illnesses was notably high at 0.737
rence of patients with cold-related illnesses each year. The cor- (p<0.01) (Figure 1). This study aims to provide crucial foun-
relation coefficient between the number of cold wave days and dational data to support the development and implementation
Table 1. Key results of the 20232024 seasonal cold-related illnesses surveillance system
Characteristic ey oy Rl
Sex
Male 268 (67.0) 67 (81.7) 201 (63.2)
Female 132 (33.0) 15 (18.3) 117 (36.8)
Age (yr)
0-9 7(1.8) 3.7 4(1.3)
10-19 15 (3.8) 5(6.1) 10 (3.1)
2029 27 (6.8) 16 (19.5) 11 (3.5)
30-39 26 (6.5) 13 (15.9) 13 (4.1)
40-49 23 (5.8 7 (8.5) 16 (5.0)
50-59 62 (15.5) 15 (18.3) 47 (14.8)
60-69 69 (17.3) 12 (14.6) 57 (17.9)
70-79 54 (13.5) 7 (8.5 47 (14.8)
>80 117 (29.3) 4(4.9) 113 (35.5)
Occupation
Managers 2(0.5) - 2(0.6)
Professionals and related workers 4 (1.0) 3(3.7) 1(0.3)
Office workers 11 (2.8 4(4.9) 72.2)
Service workers 9(2.3) 2(2.4) 7(2.2)
Sales workers 3(0.8) 1(1.2) 2(0.6)
Skilled agricultural, forestry and fishery workers 6(1.5) 1(1.2) 5 (1.6)
Functional personnel and related functional personnel - - -
Equipment, machine operating and assembly workers 4 (1.0) 4 (4.9) -
Elementary workers 6 (1.5 1(1.2) 5 (1.6)
Armed forces 10 (2.5) 8(9.8) 2(0.6)
Homemaker 18 (4.5) 1(1.2) 17 (5.3)
Student 20 (5.0) 9(11.0) 11 (3.5)
Unemployed (excluded homeless) 147 (36.8) 7 (8.5) 140 (44.0)
Homeless 6(1.5) 2(2.4) 4(1.3)
Unknown 141 (35.3) 35 (42.7) 106 (33.3)
Other 13 (3.3) 4 (2.4) 9(2.8
Underlying disease
Yes 231 (57.8) 25 (30.5) 206 (64.8)
No 169 (42.3) 57 (69.5) 112 (35.2)
Unknown - - -
Alcohol consumption
Drinker 85 (21.3) 7 (8.5) 78 (24.5)
Non-drinker 221 (55.3) 61 (74.4) 160 (50.3)
Unknown 94 (23.5) 14 (17.1) 80 (25.2)
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Table 1. Continued

Characteristic e o AR
Region
Seoul 36 (9.0) 8(9.8) 28(8.8)
Busan 14 (3.5) - 14 (4.4)
Daegu 8(2.0) 1(1.2) 7(2.2)
Incheon 37 (9.3) 7 (8.5 30 (9.4)
Gwangju 1(0.3) - 1(0.3)
Daejeon 7 (1.8) - 7(2.2)
Ulsan 7 (1.8) 1(1.2) 6 (1.9
Sejong 3(0.8) 2(2.4) 1(0.3)
Gyeonggi 74 (18.5) 26 (31.7) 48 (15.1)
Gangwon 58 (14.5) 25 (30.5) 33 (10.4)
Chungbuk 22 (5.5) 4 (4.9) 18 (5.7)
Chungnam 26 (6.5) 2(2.4) 24 (7.5)
Jeonbuk 19 (4.8) 1(1.2) 18 (5.7)
Jeonnam 13 (3.3) 3(3.7) 10 (3.1)
Gyeongbuk 44 (11.0) 2(2.4) 42 (13.2)
Gyeongnam 25(6.3) - 25(7.9)
Jeju 6 (1.5) - 6 (1.9
Occurrence location
Outdoor
Work place 11 (2.8) 8(9.8) 3(0.9
Playground (park) 9(2.3) 2(2.4) 7(2.2)
Farmland 8 (2.0) = 8 (2.5
Ski resort 3(0.8) 3(3.7) -
Skating rink - - -
Mountain 37 (9.3) 26 (31.7) 11 (3.5)
Riverside, beach 38 (9.5) 1(1.2) 37 (11.6)
Roadside 86 (21.5) 9(11.0) 77 (24.2)
Nearby residence 57 (14.3) 10 (12.2) 47 (14.8)
Other 50 (12.5) 11 (13.4) 39 (12.3)
Indoor
Home 72 (18.0) 5.1 67 (21.1)
Building 11 (2.8 2(2.4) 9(2.8)
Work place 5(1.3) 4(4.9) 1(0.3)
Other 13(3.3) 1(1.2) 12 (3.8)
Time of occurrence
0-3 42 (10.5) 8(9.8) 34 (10.7)
3-6 49 (12.3) 3(3.7) 46 (14.5)
6-9 75 (18.8) 9 (11.0) 66 (20.8)
9-12 63 (15.8) 17 (20.7) 46 (14.5)
12-15 45 (11.3) 15 (18.3) 30 (9.4)
15-18 53 (13.3) 14 (17.1) 39 (12.3)
18-21 38 (9.5 9 (11.0) 2909.1)
21-24 35(8.8) 7 (8.5) 28 (8.8)
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of related public health policies in the future by analyzing and
disseminating information from the cold-related illness sur-
veillance system operated by the Korea Disease Control and

Prevention Agency (KDCA).

Methods

Since 2013, the KDCA has operated a cold-related illness
surveillance system. In the 2023-2024 season, 507 (97.7%)
out of 519 medical institutions with emergency departments
nationwide (as of December 2023) participated in this system.
It targets individuals visiting hospital emergency departments
with cold-related illnesses such as hypothermia, frostbite, chil-
blains, immersion disease, and immersion foot, among oth-

ers (Table 1). Data reported through the Integrated Disease

A 2022-2023 Season

50 - [ No. of CRI (person)

45
40
35 1
30
25 A
20
15 A
10 A

Sq4h 1 1 1 2
0-laails 2 2 1

1 an
| ] 1]

Il Estimated no. of death with CRI (person)
Average lowest temperature (°C) i

and Health Management System are managed and operated
by obtaining initial approval from the respective public health
centers and municipal/provincial governments, followed by fi-
nal approval from the KDCA. This process culminates in the
aggregation of related surveillance information. The collected
data, organized by period (daily, cumulative), region (city/
province, city/county/district), and major case characteristics
(gender, age, occupation, disease, time and location of occur-
rence), are posted on the KDCA website daily at 4 p.m. This re-
port analyzes data on cold-related illnesses based on these ma-
jor characteristics, using daily surveillance data from December

1, 2023, to February 29, 2024.

December January

B 2023-2024 Season
20 - [ No. of CRI (person)

18 -
16 -
14 -
12 -
10 -
8_
6_
4_
2 1
O I

Bl Estimated no. of death with CRI (person)
Average lowest temperature (°C)

February

1 1 1

i i
1A I AR TAREY TRARNY 15

December January

February

Figure 2. Current status of cold-related illness and average lowest temperature distribution for the 2022-2024 winter seasons

(A) 2022-2023 season, (B) 2023-2024 season. CRI=cold-related illness.
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Results

During the 2023-2024 season (December 1, 2023~
February 29, 2024), the ‘cold-related illness surveillance sys-
tem’ reported a total of 400 patients with cold-related illnesses,
including 12 deaths. This represents a 10.5% decrease in cases
compared to the previous year, which saw 447 patients and
12 deaths. The monthly breakdown of cases based on the date
of symptom onset shows the highest number in January with
196 (49.0%), followed by 127 (31.8%) in December, and 77
(19.3%) in February. The coldest period of the 2023-2024
winter season occurred from January 20 to January 31, 2024,
during which 18.8% of all cold-related illnesses were reported,
attributed to a significant drop in temperature (Figure 2).

Regarding the weather conditions for the 2023-2024 win-
ter season (December to February) in ROK, the overall tem-
perature was higher than average due to a high-pressure sys-
tem from the east and frequent warm southerly winds [0]. The

average minimum temperature was —1.9C, higher than the

10-year average of -3.7T. Additionally, the number of cold
wave days was 3.1, a decrease from the 10-year average of 5.6
days. The reported 400 cases of cold-related illnesses were low-
er than the 10-year average of 416, while the number of deaths
remained consistent with the 10-year average of 12 (Table 2)
[71.

Examining the occurrence of cold-related illness by the
main characteristics of the cases revealed distinct patterns. In
terms of sex, male accounted for a higher number of cases (268,
67.0%) compared to female (132, 33.0%). Age-wise, the high-
est incidence was among the elderly aged 80 years or older,
with 117 cases (29.3%), followed by those in their 60s with
69 cases (17.3%), those in their 50s with 62 cases (15.5%),
and those in their 70s with 54 cases (13.5%). Notably, patients
aged 65 years or older comprised 51.5% of all cases. The in-
cidence per 100,000 people was 5.1 in those aged 80 years or
older, 1.4 in those in their 70s, 0.9 in those in their 60s, and 0.7
in those in their 50s. Regarding occupation, the unemployed

represented the largest group affected, with 147 cases (36.8%),

Table 2. Results of the emergency room surveillance system for cold-related illnesses by season over the past five years

Winter season _ Total cases® Average lowest No. of

(estimated no. of death) temperature (C) cold wave days”

2013-2014 (2013. 12. 1.-2014. 2. 28.) 258 (13) —3.2 3.3
2014-2015 (2014. 12. 1.-2015. 2. 28.) 458 (12) -3.6 4.5
2015-2016 (2015. 12. 1.-2016. 2. 29.) 483 (26) =2.7 5
2016-2017 (2016. 12. 1.-2017. 2. 28.) 441 (4) -3.2 4.3
2017-2018 (2017. 12. 1.-2018. 2. 28.) 631 (11) =55 11.8
2018-2019 (2018. 12. 1.-2019. 2. 28.) 404 (10) -3.4 4.9
2019-2020 (2019. 12. 1.-2020. 2. 29.) 303 (2) -1.4 0.8
2020-2021 (2020. 12. 1.-2021. 2. 28.) 433 (7) -39 7.8
2021-2022 (2021. 12. 1.-2022. 2. 28.) 300 (9) 4.8 6.1
2022-2023 (2022. 12. 1.-2023. 2. 28.) 447 (12) 4.8 7.0
Average of the last 10 years 416 (12) -3.7 5.6
2023-2024 (2023. 12. 1.-2024. 2. 29.) 400 (12) -1.9 3.1
“Total cases including death cases. “Korea Meteorological Administration Open Meteorological Data Portal: number of days with the lowest
morning temperature (03:01-09:00) below —12 degrees Celsius. Reused from the report of Lee et al. (Public Health Wkly Rep 2024;17:167-
80) [71.
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followed by students with 20 (5.0%) and housewives with 18
(4.5%). Among these patients, 231 (57.8%) had underlying
diseases. Regarding the type of cold-related illness, 318 (79.5%)
of the 400 reported cases had systemic diseases like hypother-
mia, while 82 (20.5%) had focal conditions such as frostbite.
Geographically, Gyeonggi reported the highest number of
cases with 74, followed by Gangwon with 58, Seoul with 36,
and Chungnam with 26. The incidence per 100,000 people
was highest in Gangwon at 3.8, followed by Gyeongbuk at 1.7,
Chungbuk at 1.4, and both Incheon and Chungnam at 1.2.
Most cases occurred outdoors (74.8%, n=299), while 14.8%
(n=60) occurred inside homes. The highest number of out-
door cases was roadside (86, 21.5%), followed by inside homes
(72, 18.0%), and near residences (57, 14.3%). Most cases oc-
curred between 6 a.m. and 9 a.m. (n=75, 18.8%) (Table 1).
The total number of deaths presumed to be due to cold-related
illness was 12 (5 males, 7 females), with hypothermia suspect-
ed as the main cause. The average age of the deceased was 77.4

years, with 75.0% being elderly individuals aged 65 years or

Table 3. Status of reported deaths due to cold-related
illnesses in the 2023-2024 season
No.? Region Sex Age (yr)
1 Gangwon Male 98
2 Gangwon Male 56
3 Gangwon Female 40
4 Gyeongbuk Female 92
5 Chungnam Female 88
6 Gyeonggi Female 83
7 Jeonbuk Female 94
8 Chungbuk Male 51
9 Gangwon Female 79
10 Jeonnam Female 88
11 Busan Male 76
12 Incheon Male 84
“The serial number is in order of the report date.

www.phwr.org Vol 17, No 44, 2024

older with underlying diseases. Regionally, there were 4 deaths
in Gangwon, and one each in Incheon, Gyeonggi, Chungbuk,
Chungnam, Jeonbuk, Jeonnam, Gyeongbuk, and Busan (Table
3).

Discussion

The occurrence of cold-related illnesses and associated
deaths can be prevented with appropriate measures. However,
inadequate preventive actions can result in loss of life. It is cru-
cial to heed cold wave alerts and weather forecasts, check the
wind chill temperature before going outdoors, and adhere to
health guidelines for cold waves, such as wearing hats, scarves,
and gloves. During the winter months (December to February),
the KDCA promptly updates the status of health impacts from
cold waves on its website (www.kdca.go.kr) at 4 p.m. daily.
After the surveillance period, it publishes an annual report on
reported cases of cold-related illnesses to provide foundational
data for responding to and developing policies for cold waves.
Additionally, the KDCA produces informational materials
such as posters, card news, and booklets to proactively educate
the public about the health impacts of cold waves and the nec-
essary precautions. The agency also strengthens its media rela-
tions by issuing press releases about the current status of health
impacts from cold waves and preventive guidelines when fore-
casts predict significant cold wave impacts.

This study revealed that cold-related illnesses and suspected
deaths predominantly affect the elderly, aged 65 and older. To
address this issue, it is vital to tailor health guidelines for the el-
derly during the winter and foster collaboration between relat-
ed ministries and local governments [2]. Moving forward, the

KDCA plans to actively collaborate with hospital emergency
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departments, public health centers, and municipal and provin-
cial governments nationwide to ensure the efficient operation
of the surveillance system, thereby facilitating prompt dissemi-

nation of information on health impacts from cold waves.
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1. 3wy FEY 9 AR L A Aol gt A 99k
" or=iny P Q13IH|(95% AIZ[FZH
FQAMBT AR MEBAY M AL ARHAY A=Y
SGLT2  Empagliflozin EMPA-REG 0.86 0.62 0.68 0.65 0.54
A A OUTCOME  (0.74-0.99)  (0.49-0.77)  (0.57-0.82)  (0.50-0.85)  (0.40-0.75)
EMPEROR- 0.92 0.92 0.92 0.70 0.50
Reduced (0.75-1.12)  (0.75-1.12)  (0.75-1.12)  (0.58-0.85)  (0.32-0.77)
EMPEROR- NA 0.91 0.91 0.79 0.50
Preserved (0.76-1.09)  (0.76-1.09)  (0.64-0.97)  (0.41-0.61)
EMPA- NA 0.84 0.87 0.71 0.72
KIDNEY (0.68-1.04) (0.71-1.07) (0.59-0.86)  (0.64-0.82)
Dapagliflozin ~ DECLARE- 0.93 0.98 0.93 0.73 0.53
TIMI 58 (0.84-1.03)  (0.82-1.17)  (0.82-1.04)  (0.61-0.88)  (0.43-0.66)
DAPA-HF NA 0.82 0.83 0.70 0.76
(0.69-098)  (0.71-0.97)  (0.59-0.83)  (0.67-0.87)
DELIVER NA 0.88 0.94 0.71 0.72
(0.74-1.05  (0.80-1.11)  (0.61-0.83)  (0.64-0.82)
DAPA-CKD 0.90 0.69 0.78 0.71 0.61
(0.76-1.07)  (0.53-0.88)  (0.61-0.98)  (0.55-0.92)  (0.51-0.72)
Canagliflozin ~ CANVAS 0.86 0.87 0.87 0.67 0.60
Program (0.75-0.97)  (0.72-1.06)  (0.74-1.01)  (0.52-0.87)  (0.47-0.77)
GLP-1 Liraglutide LEADER 0.87 0.78 0.85 0.87 0.78
84 (0.78-0.97)  (0.66-0.93)  (0.74-0.97)  (0.73-1.05)  (0.67-0.92)
Z-EAl  Dulaglutide =~ REWIND 0.88 0.91 0.91 0.93 0.85
0.79-099)  (0.78-1.06)  (0.78-1.06)  (0.77-1.12)  (0.77-0.93)
Albiglutide Harmony 0.78 0.93 0.95 0.85 NA
Outcomes (0.68-0.90) (0.73-1.19) (0.79-1.16) (0.70-1.04)
Semaglutide ~ SUSTAIN-6 0.74 0.98 1.05 0.86 0.64
(058-0.95)  (0.65-1.48)  (0.74-1.50)  (0.48-155)  (0.46-0.88)

SGLT2=sodium-glucose cotransporter-2; EMPA-REG OUTCOME=Empagliflozin Cardiovascular Outcome Trial in Type 2 Diabetes
Mellitus Patients; EMPEROR-Reduced=Empagliflozin Outcome Trial in Patients with Chronic Heart Failure and a Reduced Ejection
Fraction; EMPEROR-Preserved=Empagliflozin Outcome Trial in Patients with Chronic Heart Failure with Preserved Ejection Fraction;
EMPA-KIDNEY=Empagliflozin in Patients with Chronic Kidney Disease; DECLARE-TIMI 58=Dapagliflozin Effect on Cardiovascular
Events—Thrombolysis in Myocardial Infarction 58; DAPA-HF=Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure;
DELIVER=Dapagliflozin Evaluation to Improve the Lives of Patients with Preserved Ejection Fraction Heart Failure; DAPA-
CKD=Dapagliflozin and Prevention of Adverse Outcomes in Chronic Kidney Disease; CANVAS Program=Canagliflozin Cardiovascular
Assessment Study Program; GLP-1=glucagon-like peptide-1; LEADER=Liraglutide Effect and Action in Diabetes: Evaluation of

Cardiovascular Outcome Results; REWIND=Researching Cardiovascular Events with a Weekly Incretin in Diabetes; NA=not available.
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[22]. Tirzepatide= GLP-1/glucose-dependent insulinotro-

pic polypeptide (GIP) °]%:

28 A|(dual agonist)=, TS 72
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Study of Tirzepatide in Participants with Type 2 Diabetes)

9} SURMOUNT (A Study of Tirzepatide in Participants
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with Obesity or Overweight) A/GAIE A tirzepatidei= 71 skl A 7|17t Bt Y WHSE AAte R BYEY T
& GLP-1 5-8&A Z-8A tiv] v & 3t dg2dnt ot g Q= AAoltt. ALFGSHL 7129 AFAA AVHES
15% old9] A% HAE ASotATH25,26]. B AEH B FHo] Zopd 4= gl o Qe 1P ATGS BF &
T 2wt A HEFEH AP AAlste aHE 2 obd & Qlol A ¥ Helot FE2de B GolstA A
tH27]. 71 02 A s ol Bl A7 SHmetabolic TH30]. ol &°f B S T AdS 0= A9
dysfunction—associated steatotic liver disease, MASLD) & <= G X759 £25E dojrdl Ay AL A5
HRESEZO] et Aol E aadl AatEo] UiE < © 71ofskar Q311 ool wet 8 AeAYE FAl 1
of HvtS FRIRF Gt SAENA B 7HE L A 3 Fgolu el tela¥oR Ag F9l 29 Tt &
[28,29]. 7 oFE W% 2T Sl AFQFEHA Y §7HE S FHOE A4&EGEY AMES AF40r Avsty
ESIL SAEUAY SAIE ST Qo] At st ATH3,32]1. o]t ALEGESAH L T =Y Fofl HE &
ANE T €92 B GG A AT L AR BT TE Hg=HuA 99 ¥ 9 942 Aestal v 3 3
Hiet A7 9 vk B A SR BEske o 2% 9 < ded 39 A EFE AR 7|56k AA Qe
TS T A0Z 7= QT 2) d &% 28-S Eo5 = lEd AntEHo] SAE o] J&d

2 A2 A9 79 23 Sk & a0k
_ AL | S &0
o2 xig 71d gaguacy et FRIEE T aﬂgéxi;gaﬁ +0R5ES SO
=21
Semaglutide ~ GLP-1 =84 284 -1.5%F -2.2 >10 0.74 (0.58-0.95), 7N At F Rl
SUSTAIN-6
Oral GLP-1 =& &84 -15%8-20 510 079 (0.57-1.1D), - - <<
semaglutide () PIONEER-6
Tirzepatide GLP-1/GIP ©]5&-8A -2.0 >15 0.83 (0.66-1.04), A 7HA =<
SURPASS-4
(secondary)
Orforglipron ~ GLP-1 =84 284 -1.8%H -2.0 >10 = = - I
(3 H]’ﬂﬂE)
Cotadutide ~ GLP-1/2F7h2 -1.0%E-15 5710 AT 5 HA - ey
o284l
Mazdutide GLP-1/2 %7t -15 10 ATt 5 - - I
o]52H-&Al
Retatrutide ~ GLP-1/GIP/257h% -1.5%8 -2.0 >20 A+ A A+ AES
AF2Z-8A|
Semaglutide =~ GLP-1 &84 &84 HIF A+ F A4 AW At 5 Ky A4y s
hydrogel (& 13] =4 ATt 5 At 5 At F
HR=hazard ratio; CI=confidence interval; GLP-1=glucagon-like peptide-1; GIP=glucose-dependent insulinotropic polypeptide; PIONEER=
Peptide Innovation for Early Diabetes Treatment. *H|=-4]&-2]2F = 3591
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The Evolution of Diabetes Treatment: Combining Innovative
Pharmacological Therapies and Advanced Devices toward
Remission

Jong Han Choi' @, Min Kyong Moon?*

'Department of Internal Medicine, Konkuk University School of Medicine, Seoul, Korea, 2Department of Internal Medicine, Seoul National
University College of Medicine, Seoul, Korea

ABSTRACT

The global prevalence of diabetes is rapidly increasing, with one in six adults in the Republic of Korea being affected.
Traditional diabetes management focuses on glycemic control to prevent complications. However, recent advancements
emphasize individualized treatment strategies. These involve using drugs with a low risk of hypoglycemia and the potential to
prevent various metabolic diseases, aiming for diabetes remission, or selecting medications based on comorbidities, regardless
of blood glucose levels. Sodium-glucose cotransporter-2 inhibitors and glucagon-like peptide-1 receptor agonists not only
improve glycemic control but also offer cardiovascular and renal protective effects, making them direct therapeutic options
for these conditions. Additionally, early combination therapy, involving medications with different mechanisms of action
from those used in the early stages of diabetes, is being increasingly promoted to minimize treatment failure and reduce
diabetes-related complications. Innovations in diabetes management devices, including continuous glucose monitoring
systems, smart insulin pens, and automated insulin delivery systems, have improved glucose control accuracy and enhanced
treatment adherence. For type 1 diabetes, novel therapies, such as once-weekly basal insulin and immunotherapies, have been
introduced, with various approaches targeting autoimmune responses currently under investigation. This study explored the
impact of these emerging therapeutic agents and management devices on diabetes care and presented future prospects for

advancing diabetes remission, based on recent research trends.

Key words: Diabetes mellitus; Sodium-glucose transporter 2 inhibitors; Glucagon-like peptide-1 receptor agonists;

Continuous glucose monitoring; Insulin infusion system
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Introduction Korea (ROK) had diabetes in 2020. This prevalence repre-
sents a significant increase of 54.8% among men from 12.4%
The Korean Diabetes Association reported that one in in 2012 to 19.2% in 2020 [1]. The International Diabetes

six (16.7%) adults over the age of 30 years in the Republic of Federation reports that the prevalence of diabetes is expected to
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Key messages
(D What is known previously?

Recent diabetes treatments emphasize early combination
therapy to minimize the risk of treatment failure, reduce
cardiovascular and renal complications, and offer addi-
tional benefits, such as weight reduction.

@ What new information is presented?

New glucose-lowering drugs with diverse clinical benefits
are being developed, along with innovations in continu-
ous glucose monitoring and artificial intelligence-driven
diabetes management devices.

® What are implications?

The integration of novel medications and innovative
management devices has brought us closer to achieving
diabetes remission.

keep rising globally in the coming decades. Specifically, in the
Western Pacific region, which includes ROK, a 27% increase
is projected by 2045 compared to 2021 [2]. This sharp rise in
diabetes prevalence places a considerable burden on individual
patients, the healthcare system, and the country as a whole.
The primary goal of conventional diabetes management is
to regulate blood glucose levels to reduce the risk of both mi-
crovascular complications, such as retinopathy, nephropathy,
and neuropathy, and macrovascular complications, including
coronary artery disease, stroke, and peripheral artery disease
[3]. The emphasis is on improving the patients’ quality of life,
reducing mortality, and mitigating the socioeconomic impact
of diabetes [3]. However, achieving optimal glycemic control
remains a significant challenge for many patients. Additionally,
the issue of clinical inertia continues, where patients remain
hyperglycemic because they do not progress to more intensive

treatment levels when glycemic targets are not met [4]. Over

1916

the past two decades, diabetes management has undergone a
revolutionary transformation with the rapid introduction of
new therapeutic agents and advanced management devices,
such as continuous glucose monitoring (CGM). New medica-
tions have been developed to lower blood glucose levels with
minimal risk of hypoglycemia. Beyond their glucose-lowering
effects, sodium-glucose co-transporter 2 (SGLT2) inhibitors
and glucagon-like peptide-1 (GLP-1) receptor agonists are
widely used for their additional benefits, including weight loss
and protection against cardiovascular and chronic kidney dis-
eases [5]. Another strategy involves minimizing exposure to
hyperglycemia by using a combination of low-hypoglycemic-
risk agents with different mechanisms of action early in the
disease process. This approach aims to maintain blood glucose
levels within a range below the diagnostic threshold for diabe-
tes from the outset and over extended periods [6,7].

This study aims to evaluate the efficacy of novel antidiabet-
ic medications and management devices, assess the transfor-
mative impact of this paradigm shift on treatment approaches,

and project the future landscape of diabetes care.

Body

1. Early Combination Therapy to Minimize
Exposure to High Blood Glucose Levels in the
Early Stages of Diabetes
The conventional pharmacologic treatment of type 2 diabe-

tes involves a stepwise approach, beginning with metformin as

the initial therapy. Additional drugs are introduced if glycemic
control targets are not achieved or if blood glucose levels rise
again beyond these targets after initial control [3]. However,

this strategy often fails to achieve sustained glycemic control,
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leading to periods where treatment is ineffective and the risk of
diabetes-related complications remains high. Previously, there
were not many types of medications available for treating type
2 diabetes, and combination therapy often included sulfonyl-
ureas or insulin. As a result, combination therapy for patients
with newly diagnosed diabetes whose blood glucose levels were
not very high carried a high risk of hypoglycemia. Over the
past two decades, the range of available medications has ex-
panded significantly, with most new agents presenting a mini-
mal risk of hypoglycemia. This development allows for the ini-
tiation of early combination therapy, which can be consistently
maintained to keep blood glucose levels within control targets
while also reducing the risk of hypoglycemia. The effectiveness
of this approach was underscored in the Vildagliptin Efficacy
in Combination with Metformin for Early Treatment of Type
2 Diabetes (VERIFY) study. This large, multicenter, random-
ized clinical trial involved over 2,000 patients with newly diag-
nosed type 2 diabetes from around the world [8]. The VERIFY
study demonstrated that early combination therapy is more ef-
fective at maintaining blood glucose levels within target rang-
es than is traditional stepwise therapy. Furthermore, patients
could maintain glucose levels close to those of non-diabetic in-
dividuals for a longer duration. Thus, maintaining consistent
glycemic targets through early combination therapy may prove
to be a more effective strategy in achieving the primary goal
of minimizing diabetes-related complications, leading to its

strong recommendation in major diabetes guidelines [3,9].

2. Controlling Glycemia and Preventing
Complications at the Same Time: SGLT2
Inhibitors and GLP-1 Receptor Agonists

The traditional goal of diabetes treatment has been to

www.phwr.org Vol 17, No 44, 2024

prevent complications through glycemic control. However, re-
cent shifts emphasize that the selection of antidiabetic agents
should consider achieving both glycemic control and the pre-
vention of diabetes-related complications simultaneously [3,9].
This evolution in treatment strategy is largely due to the intro-
duction of two significant classes of antidiabetic drugs, namely
SGLT? inhibitors and GLP-1 receptor agonists, which have
demonstrated benefits beyond simple glycemic control, includ-
ing cardiorenal protective effects. This presents a paradigm shift
in the pharmacological management of diabetes. SGLT?2 inhib-
itors, while offering similar glucose-lowering efficacies as those
of conventional drugs, also provide additional benefits such as
weight loss and cardiorenal protection. This is evidenced by
several studies, including the Empagliflozin Cardiovascular
Outcome Trial in Type 2 Diabetes Mellitus Patients (EMPA-
REG OUTCOME), Canagliflozin Cardiovascular Assessment
Study Program (CANVAS Program), and Dapagliflozin
Effect on Cardiovascular Events-Thrombolysis in Myocardial
Infarction 58 (DECLARE-TIMI58) [10-12]. Notably, the
beneficial effects of this drug class on heart failure and chronic
kidney disease have been confirmed in numerous studies such
as the Dapagliflozin and Prevention of Adverse Outcomes
in Heart Failure (DAPA-HF), Dapagliflozin Evaluation to
Improve the Lives of Patients with Preserved Ejection Fraction
Heart Failure (DELIVER), Empagliflozin Outcome Trial in
Patients with Chronic Heart Failure and a Reduced Ejection
Fraction (EMPEROR-Reduced), Empagliflozin Outcome
Trial in Patients with Chronic Heart Failure with Preserved
Ejection Fraction (EMPEROR-Preserved), Dapagliflozin and
Prevention of Adverse Outcomes in Chronic Kidney Disease
(DAPA-CKD), and Empagliflozin in Patients with Chronic
Kidney Disease (EMPA-KIDNEY) [13-18]. Although most
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GLP-1 receptor agonists have the disadvantage of being in- as the Liraglutide Effect and Action in Diabetes: Evaluation
jectable, they have a stronger glucose-lowering efficacy and of Cardiovascular Outcome Results (LEADER); Harmony
weight-loss effect than conventional drugs. Their cardiore- Outcomes; Researching Cardiovascular Events with a Weekly
nal protective effects have been documented in studies such Incretin in Diabetes (REWIND); and Semaglutide and

Table 1. Summary of clinical trials on major cardiovascular and renal outcomes of anti-diabetic medications
Hazard ratio (95% confidence interval)
Class Drugs Study name MACE CV death Alg::tlﬁlse e Cogﬁgﬂite
SGLT2 Empagliflozin ~EMPA-REG 0.86 0.62 0.68 0.65 0.54
inhibitors OUTCOME  (0.74-099)  (0.49-0.77) ~ (0.57-0.82)  (0.50-0.85)  (0.40-0.75)
EMPEROR- 0.92 0.92 0.92 0.70 0.50
Reduced (0.75-1.12)  (0.75-1.12)  (0.75-1.12)  (0.58-0.85)  (0.32-0.77)
EMPEROR- NA 0.91 0.91 0.79 0.50
Preserved (0.76-1.09)  (0.76-1.09)  (0.64-0.97)  (0.41-0.61)
EMPA- NA 0.84 0.87 0.71 0.72
KIDNEY (0.68-1.04)  (0.71-1.07)  (0.59-0.86)  (0.64-0.82)
Dapagliflozin ~ DECLARE- 0.93 0.98 0.93 0.73 0.53
TIMI 58 (0.84-1.03) (0.82-1.17) (0.82-1.04)  (0.61-0.88)  (0.43-0.66)
DAPA-HF NA 0.82 0.83 0.70 0.76
(0.69-0.98)  (0.71-0.97) ~ (0.59-0.83)  (0.67-0.87)
DELIVER NA 0.88 0.94 0.71 0.72
(0.74-1.05)  (0.80-1.11) ~ (0.61-0.83)  (0.64-0.82)
DAPA-CKD 0.90 0.69 0.78 0.71 0.61
(0.76-1.07)  (0.53-0.88)  (0.61-0.98)  (0.55-0.92) (0.51-0.72)
Canagliflozin ~ CANVAS 0.86 0.87 0.87 0.67 0.60
Program (0.75-0.97) (0.72-1.06) (0.74-1.01) (0.52-0.87) (0.47-0.77)
GLP-1 Liraglutide LEADER 0.87 0.78 0.85 0.87 0.78
receptor (0.78-0.97)  (0.66-0.93)  (0.74-0.97)  (0.73-1.05)  (0.67-0.92)
agonists  Dulaglutide REWIND 0.88 0.91 0.91 0.93 0.85
(0.79-0.99)  (0.78-1.06)  (0.78-1.06) (0.77-1.12) (0.77-0.93)
Albiglutide Harmony 0.78 0.93 0.95 0.85 NA
Outcomes (0.68-0.90)  (0.73-1.19)  (0.79-1.16)  (0.70-1.04)
Semaglutide SUSTAIN-6 0.74 0.98 1.05 0.86 0.64
(0.58-0.95)  (0.65-1.48) (0.74-1.50) (0.48-1.55)  (0.46-0.88)
MACE=major adverse cardiovascular events; CV=cardiovascular; HHF=hospitalization for heart failure; SGLT2=sodium-glucose
cotransporter-2; EMPA-REG OUTCOME=Empagliflozin Cardiovascular Outcome Trial in Type 2 Diabetes Mellitus Patients;
EMPEROR-Reduced=Empagliflozin Outcome Trial in Patients with Chronic Heart Failure and a Reduced Ejection Fraction;
EMPEROR-Preserved=Empagliflozin Outcome Trial in Patients with Chronic Heart Failure with Preserved Ejection Fraction; EMPA-
KIDNEY=Empagliflozin in Patients with Chronic Kidney Disease; DECLARE-TIMI 58=Dapagliflozin Effect on Cardiovascular
Events—Thrombolysis in Myocardial Infarction 58; DAPA-HF=Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure;
DELIVER=Dapagliflozin Evaluation to Improve the Lives of Patients with Preserved Ejection Fraction Heart Failure; DAPA-
CKD=Dapagliflozin and Prevention of Adverse Outcomes in Chronic Kidney Disease; CANVAS Program=Canagliflozin Cardiovascular
Assessment Study Program; GLP-1=glucagon-like peptide-1; LEADER=Liraglutide Effect and Action in Diabetes: Evaluation of
Cardiovascular Outcome Results; REWIND=Researching Cardiovascular Events with a Weekly Incretin in Diabetes; NA=not available.
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Cardiovascular Outcomes in Patients with Type 2 Diabetes
(SUSTAIN-6) [19-22]. The remarkable outcomes observed in
these trials are summarized in Table 1. Given this compelling
evidence, in 2018, the American Diabetes Association and the
European Association for the Study of Diabetes recommended
the preferential use of SGLT?2 inhibitors or GLP-1 receptor ag-
onists for patients with diabetes who are at high risk for cardio-
vascular disease or chronic kidney disease [9,23]. The Korean
Diabetes Association continues to endorse these recommenda-

tions [3].

3. New Diabetes Medications Showing Promise
in Treating Comorbidities such as Obesity
Semaglutide, a GLP-1 receptor agonist administered week-

ly, offers significant hypoglycemic and weight-loss effects, sur-

passing those of traditional GLP-1 receptor agonists. In clinical
trials, semaglutide led to a substantial reduction in glycated he-
moglobin Alc (HbAlc) levels and an average weight loss ex-
ceeding 10% [24]. Furthermore, it significantly reduced the in-
cidence of major cardiovascular events, particularly in individ-
uals with preexisting cardiovascular conditions, and was effec-
tive in slowing the progression of chronic kidney disease [22].
Tirzepatide, a GLP-1/glucose-dependent insulinotropic poly-

peptide (GIP) receptor dual agonist, demonstrated enhanced

Table 2. Summary of new incretin-based drugs for type 2 diabetes
Drugs Mechanism of action HbA1lc (%) I\c/)\;esl%‘t}:) HR'{IQASC‘E/ECI) MASLD OSA FDA approval

Semaglutide =~ GLP-1 receptor -1.5t0 2.2 >10 0.74 (0.58-0.95), Improved In clinical  Approved
agonists SUSTAIN-6 trial

Oral GLP-1 receptor -1.5to 2.0 5-10  0.79 (0.57-1.11), = = Approved

semaglutide  agonists (oral) PIONEER-6

Tirzepatide GLP-1/GIP dual 2.0 >15 0.83 (0.66- Improved Improved  Approved
agonist 1.04),

SURPASS-4
(secondary)

Orforglipron ~ GLP-1 receptor -1.8 to 2.0 >10 - = = In
agonists (oral, development
non-peptide)

Cotadutide GLP-1/glucagon -1.0to-15 5-10 In clinical trial ~ Improved - In
dual agonist development

Mazdutide GLP-1/glucagon -1.5 10 In clinical trial = = In
dual agonist development

Retatrutide GLP-1/GIP/glucagon -1.5 to —2.0 >20 In clinical trial Improved In clinical In
triple agonist trial development

Semaglutide =~ GLP-1 receptor In preclinical In In preclinical In In In

hydrogel agonist (monthly study preclinical study preclinical  preclinical — development
injection) study study study

HbAlc=glycated hemoglobin Alc; MACE=major adverse cardiovascular event; HR=hazard ratio; CI=confidence interval; MASLD=metabolic

dysfunction—associated steatotic liver disease; OSA=obstructive sleep apnea; FDA=Food and Drug Administration; GLP-1=glucagon-like

peptide-1; GIP=glucose-dependent insulinotropic polypeptide; PIONEER=Peptide Innovation for Early Diabetes Treatment.
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effectiveness in glycemic control and weight reduction. In
a Study of Tirzepatide in Participants with Type 2 Diabetes
(SURPASS) and a Study of Tirzepatide in Participants with
Obesity or Overweight (SURMOUNT), tirzepatide showed su-
perior glycemic control compared to GLP-1 receptor agonists
and an average weight loss of over 15% [25,206]. Furthermore,
it also showed cardiorenal protective effects [27]. Additionally,
research on metabolic dysfunction-associated steatotic liver
disease (MASLD) and sleep apnea has shown promising re-
sults, raising hopes for the treatment of patients with diabetes
and obesity [28,29]. Both drugs have recently received approv-
al from ROK 's Ministry of Food and Drug Safety and have ei-
ther been launched or are nearing release. They are expected
to play a significant role in achieving glycemic targets through
potent glucose-lowering effects, along with providing cardiore-
nal protection, as well as managing obesity and obesity-related

metabolic disorders (Table 2).

4. Penetration of Continuous Glucose Monitoring
and Innovation in Diabetes Management
Devices
CGM is a device designed to monitor blood glucose fluctu-

ations in real time over extended periods. It involves inserting

a sensor subcutaneously and can detect blood glucose levels in-

directly. CGM is particularly effective at identifying hypergly-

cemia and hypoglycemia that conventional invasive blood glu-
cose testing methods might miss, thereby facilitating lifestyle
management and medication adjustments [30]. Thus, CGM
contributes to reducing the risk of diabetes complications while
minimizing the risk of hypoglycemia [31]. Consequently, ma-
jor guidelines now strongly recommend the use of CGM for

individuals with type 1 or type 2 diabetes who are on multiple
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daily insulin regimens [3,32]. Since its introduction in ROK,
CGM has seen rapid adoption and is at the forefront of trans-
forming glycemic control. Additionally, a smart insulin pen has
recently been released, which automatically records insulin in-
jection times and dosages and assists with prandial insulin dose
adjustments [33]. This is expected to enhance the accuracy and
adherence of insulin use. Moreover, sensor-augmented insu-
lin pumps, equipped with algorithms to suspend basal insulin
delivery to mitigate hypoglycemia risk by utilizing real-time
glucose data from CGM, as well as automated insulin delivery
(AID) devices with features to prevent hyperglycemia, are now
available [34]. Furthermore, advancements in artificial intel-
ligence are paving the way for the development of a fully auto-
mated artificial pancreas to regulate all insulin delivery. These
advancements in diabetes management devices are expected to
make treatment more convenient for patients, thus improving
adherence to medication and significantly enhancing the ac-
curacy of glycemic control. Ultimately, this progress is likely to
improve the quality of life of patients with diabetes and play a

critical role in preventing long-term complications.

5. Another Breakthrough in the Treatment of
Type 1 Diabetes: Once—weekly Insulin and
Insulin Immunotherapy
While CGMs and AID systems offer clinical benefits for all

patients with diabetes, their advantages are particularly notable

for those with type 1 diabetes who rely on insulin therapy—

a fact well documented and recognized, with health insurance

coverage for type 1 diabetes available in ROK [3,32]. Alongside

these advancements in diabetes management devices, there
have also been significant improvements in insulin formu-

lations. One of the primary challenges for those with type 1
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diabetes is the frequent need for insulin injections, which can
significantly disrupt their daily life. Although insulin is not
used exclusively for patients with type 1 diabetes, for those who
are absolutely dependent on it, non-invasive insulin delivery
methods or reducing the frequency of insulin injections could
significantly improve insulin adherence and enhance patients'
quality of life. The only currently available non-invasive insulin
is Afrezza, which received U.S. Food and Drug Administration
(FDA) approval in 2014. Afrezza is an inhaled rapid-acting
insulin absorbed through the alveoli, eliminating the need for
multiple daily pre-meal injections. However, its use is contra-
indicated in patients with asthma or chronic obstructive pul-
monary disease due to the risk of acute bronchoconstriction.
Additionally, its relatively high cost, the challenges of admin-
istering a consistent dose based on lung function or inhalation
capacity compared to injectable insulin, and concerns about its
long-term effectiveness and safety have limited its widespread
adoption [35].

The upcoming approval of insulin icodec in ROK is expect-
ed to improve insulin adherence by reducing the current need
for daily basal insulin injections to just once a week. Clinical
trials have shown its glucose-lowering efficacy to be compa-
rable to or better than that of conventional daily insulin (insu-
lin glargine and insulin degludec), although a slightly higher
incidence of hypoglycemia has been noted, highlighting the
need for careful hypoglycemia management [36]. Additionally,
there are ongoing efforts to address the underlying autoim-
mune pathology of type 1 diabetes, which involves pancreatic
beta-cell dysfunction. Teplizumab, an anti-CD3 monoclonal
antibody, aims to delay the onset of type 1 diabetes. It works by
inhibiting T-cell activation, reducing autoimmune responses,

and slowing pancreatic beta-cell destruction. Approved by the

www.phwr.org Vol 17, No 44, 2024

FDA in 2022 for delaying the onset of type 1 diabetes in indi-
viduals at high risk who test positive for two or more specific
autoantibodies (anti-glutamic acid decarboxylase 65 [GADG5],
insulin autoantibodies, tyrosine phosphatase, zinc transporter
8), teplizumab reportedly delays disease onset by an average of
2 years, making it the only treatment currently approved for

preventing type 1 diabetes [37].

6. Diabetes Treatments under Development and

Future Prospects

Most diabetes medications currently in Phase IT or higher
clinical trials are incretin-based therapies. Most of these drugs
demonstrate significant effects on glycemic control and weight
loss, along with additional improvements in blood pressure
and lipid metabolic markers. GLP-1/glucagon receptor dual
agonists, such as cotadutide and mazdutide, are prominent in
this category. Mazdutide, in particular, has shown robust hypo-
glycemic effects and weight loss outcomes [38]. Recent clinical
trials of mazdutide in China have delivered promising results,
with patients with type 2 diabetes experiencing an average
weight loss of approximately 7% and a reduction in HbA1c lev-
els of approximately 1.5%. Patients with obesity achieved ap-
proximately 10% weight loss [39,40]. Additionally, retatrutide,
a GLP-1/GIP/glucagon receptor triple agonist, reduced HbA1c
levels by 1.5 to 2.0% in patients with type 2 diabetes [41] and
facilitated weight loss of over 20% in those with obesity, along
with improvements in MASLD [42,43]. Orforglipron, an-
other GLP-1 receptor agonist, offers the unique advantage of
oral administration over other medications in this class. While
the oral semaglutide formulation Rybelsus is approved and
used in various countries, it is a peptide-based drug with sev-

eral limitations, including dietary restrictions and medication
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interactions. In contrast, orforglipron is a non-peptide formu-
lation that can be taken irrespective of meals, offering fewer
restrictions and comparable hypoglycemic and weight-loss
effects than those of conventional GLP-1 receptor agonist in-
jections [44,45]. A new hydrogel-based formulation of sema-
glutide is also anticipated to provide a more convenient option
for patients, as it can be administered monthly via injection, re-
ducing the frequency of administration while maintaining op-
timal glycemic control (Table 2) [46].

The investigation of therapies targeting the fundamental
etiology of type 1 diabetes is still in its early stages. In addi-
tion to teplizumab, the anti-CD3 monoclonal antibody pre-
viously mentioned, various immunotherapies mediated by
CD20, interleukin-6, and others are currently under investi-
gation [47,48]. Although research in this area is nascent, sev-
eral promising avenues are being explored, including vaccines
against antigens involved in the pathogenesis of type 1 diabe-
tes, such as GADG5 or insulin [49,50], the regeneration of beta
cells using stem cells [51], and gene editing techniques to mod-

ulate the autoimmune response or protect beta cells [52].

Conclusion

Owing to the advances in understanding diabetes, the de-
velopment of a variety of therapeutic drugs, and innovations
in management devices, it is now feasible to achieve safe and
effective glycemic control from the early stages of the disease
without the risk of hypoglycemia. Notably, many drugs, includ-
ing SGLT?2 inhibitors and GLP-1 receptor agonists, have dem-
onstrated direct preventive and therapeutic effects on comor-
bidities, such as cardiovascular and chronic kidney diseases,

regardless of the glycemic status. Nevertheless, the prevalence

1922

of diabetes continues to increase at an alarming rate, and the
financial burden, as well as the optimal utilization of recently
developed pharmaceuticals and medical devices, remain signif-
icant concerns. There have been notable advancements in the
treatment of type 1 diabetes. Although still in the early stages of
development, treatments that target the underlying pathogen-
esis of type 1 diabetes, such as autoimmune responses, are also
being tested. It is anticipated that advances in safer and more
effective medications and management devices will enable a

greater number of individuals to achieve diabetic remission.
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QuickStats

Trends in the Proportion of Adolescents Engaged in Physical
Activities, 2014-2023

In 2023, the proportion of adolescents boys and girls engaged in physical activities were 24.6% and 9.2%, respectively, an

increase over the past decade. The 2023 data indicated that the proportion was twice as higher for boys (24.6%) than for girls

(9.2%), and that for middle school students (20.7%) was higher than for high school students (13.4%) (Figures 1, 2).
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Figure 1. Trends in the proportion of adolescents engaged in
physical activities by sex, 2014-2023
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Figure 2. Trends in the proportion of adolescents engaged in
physical activities by school levels, 2014-2023

*Proportion of engaged in physical activities: Percentage of adolescents who engaged in physical activities that made their heart rate higher than

usual or out of breath for a total of 60 minutes or more on 5 or more days in the last 7 days, regardless of the type of exercise.

Source: The 19th Korea Youth Risk Behavior Survey (KYRBS), https://www.kdca.go.kr/yhs

Reported by: Division of Health and Nutrition Survey and Analysis, Department of Chronic Disease Prevention and Control, Korea

Disease Control and Prevention Agency
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