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b 35k 2AE uhsta Ak gk

A AGE 27| HoA 194 olFe] T BEE ¥4 F AAE A0 T A4S AT E st AA
S oAbl Al 371 A2 S B EAA LS SASHAT £ A7 E AT #F A72 v BILE A Az L A

Uik o)z Pgo] S Foul AR R, AR A, AR A4 ol P PAEY B 7 BA PIZ WY ol 5

w
0.

)
of

e 2L
oo oX
N
ol

ol

r

0z
N IF
olN
© &
i)

4
2
ol
1o of

lo

N, o

filo
1o
2
ol
o)
fu)

Zak: 201593 E 2024970 % 3,2210] SEE0] o] F 42279 EAE A 2,799 Q4 HRE AT T8 AFAA

A FoH, £ AL 199 6-1271€ ZHE 02 B 4.2 $£510] A7k 2 ¥ishE ¥rgstE A9 7uhE BHrskg

ot 4 AR B4 oju] gEjAl S| BELE A G5HA Wske 22 S Bo] 52 dHT 4 Y AYH A EAS

lst@on, gtAQl Futoly A4 RS B3l I BIUE ZAW #E7t anbolw HA3| o]FojX 1 IS Bt

ZE: & A7 E ASTo 2N vy BITA A8 A9 d F71A Y AHE AAY-BEH R wotdd £ 9oH, o]F

U A=A AY L BAGH £ 7|0 5 9s Ao R J]iErh

FQ AM0j: BEZHE HholglAs; BETE; W3 BEY;, IS E AT

A 2 AR BYIFA (hepatitis B YoXIth 7] A4H Al
2 =

B 7t vho| 2 A(hepatitis B virus, HBV)E 3=t A

vfo] 2] 23 (Hepadnaviridae) 9] @ EES|utEUwto]f A% 5= Qo HBVE 343 W 71 BF8 #9292 4 9lor,
(Orthohepadnavirus)©| 4ot= F& ©o|F 7t DNA Hfo] 4 49 F BPHY EW FY(hepatitis B surface antigen
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S 2 EE AR o T0%E W BYZHA o
o AR 59 A PSS 22t oF 23%8} 3% +E0)
A, Fotole A AEE WE A9 A7 5.3%, 0.8%E
T, ol AYEIE A7 oF 65% D 50%7HF st
L 53 nal,

(perinatal transmission)¥t & 0] §lom o]= RA|ZRE 4
Aotz ZFFo] AutEE A9 g

20239 -2yt SA 9
OF A AFT 9% F 10915 &
A5t o (A 105 ¥Y 19.8%), 142 & AHLE
Al AAZ &2 A101tH3]. 53] dA9] AlEol oK
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2 perEhg). webA f-2uEtolAl g BETHY
S 83 e giiol,

T BEEL 54 vEE o FRE H|g
AL g7k gestA] g2 49k ik 54 BITEL

A2 7H ) G3L WAAA AR 215 ASkE £

3l &

N
_?L

=)

o
ot

=9 ol

of

¢

pas
|o

flo
f
=
ol

AL 497 grHol.
A T BRAGS BT 4 Ak ARAL AL

54 ghgrort, 19989% e Sslol W3 Aol & AT

& Futolel2A|Z 717 ALgte] ARAOE vy BY

Gol AT 43 BT 2715 Ak, FIF WY PP 24

O_u

ofof] gh=R19] AT} - WY EAS wtgs 2A 7|9t 9
243 goly] YeiM= g BT Aol tigk A &4
l &l AA 7L Zastet. olo] = A& AL oz &
718 4 Aatet A& adE gofsta, 11 23E s e
AR NG 9 BARA o] &-8517] 98 S HBV &
S E(Korea HBV Cohort) A5 201598 EA7IA] A
£202 g5t ot & Sol4= = HBV L2 E A
173, &3 @8 9 $8 A+ 205 A7fstLA} gt

=
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1. 32 HBV Z35E 75 U 29

A= HBY ZTEE U oAl /) A9 7 BAEAR
AN, BASATYY, AgetnY, BAstm okt

Al o]4<] 48Rl dd F 670¥ ol4 HBsAg F/go] Eeld W
A BETE BAZ AAFATYA & Bl A71AHA YA
& AFo] s AEHo R Foste] A
o, ol F UARAEZISEIAE EH 16 mlY
Aol tigt 715G AT A HFoE 6-1270Y 114
9] AAAL LS 443t peripheral blood mononuclear cell
(PBMO)¥} plasma®| Hej & HA5t] AAgict. 555 2o
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55 A= 671Y o4 HBsAgZ7l YAo=Z FRIEA
Qo= vhyg BP7rIol et Fxtoltt. 2015-2018
A7 Futol2 A4 &2 ¥ AEFHE A R(UH
oAU A& Adshs g4
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& A&7 x2hHE a4 AP
= A 19 ol A8 & FUT A5 IR oA,
20194 o|¥2& HE T BETE AE Yo R IS E
£ A AT 2 EZ| mE 23] 7hsohd, 2
QA A T E T2 A= G & AFE APttt 5
£ Aol 71k 4 v 7o) SRk 84 5= A 7]
‘50| Child-Pugh Coll agsk= 4}, 59 oW 7hhE Al ejgh
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G, W] ARA/ DY) ARA 5 A2 Ago] FuiE 2,
7et AT B0 B elck BerE BAEL A9EY
o
3. 312 HBV TS E EAMIH(AUA- ASIXIE U QI
S )
APH B FFER AR B T 6

Bt AAL HBsAg, hepatitis B e-antigen (HBeAg), anti-
HBe, HBsAg quantitation, 1811 A3t 59 ZFX 2 HAL
e = A AHFibroScan 5)& E33H HIAGH H73H A
AL EYE GAE WAE AA A
S RS A Sostoll (M5 oA i &) ¢ 715t )
o|efH|o] A (database, DB)2] HA}5# E 1A (electronic case
report form, eCRF)O| 5235t UtHE 1). 20154 =4
HBV 2 E QA& SEA A wet BEALS st
o] PBMC?} plasma®] FE|Z AL A& HAF 118 F A4
A4 gag 54 By & A8EgA SH4SIIAAE 2
of A5 4 HEygict

S A5 ol-§oto] nhAE YA E DB= HotE o] 4
AAFE &3l FF A7AEC] &8 & A=E A B E

A455}31 SIeHI 1.
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A (em), AS(kg), 55 A BDA, A7) 5
AgAR, FE 58 off, A= S F7 AlAd 5

AHEY, CBC EHAAL ALT, AST, calcium, phosphorus, total bilirubin, urin acid, albumin, gamma
GTP, BUN, alkaline phosphatase, creatinine, cholesterol, HBsAg, HBeAg, HBcrAg, &<, 7H%F,

Child Pugh score, MELD score, HBV-DNA
AR AP A AWM= W oA THWME =5
AR, 233, CT, MR, PET &
Algo] B AP, 7P| Y o B lobular activity, fibrosis stage 5
Al B A|H Y, liver stiffness, IQR, CAP &
Aol 5, AR, TZ A 5

HBV=hepatitis B virus; CBC=complete blood count; ALT=alanine aminotransferase; AST=aspartate aminotransferase; gamma GTP=gamma-
glutamyltransferase; BUN=blood urea nitrogen: HBsAg=hepatitis B surface antigen; HBeAg=hepatitis B e antigen; HBcrAg=hepatitis B
core-related antigen; MELD=model for end-stage liver disease; HBV-DNA=hepatitis B virus-deoxyribo nucleic acid; CT=computerized
tomography; MRI=magnetic resonance imaging: PET=positron emission tomography; IQR=inter quartile range; CAP=controlled attenuation

parameter; TZ=t-score, Z-score. Data from the report of National Institute of Health and Korea Disease Control and Prevention Agency (2024)

[12l.

Sh= ZofH, o2} i Iy A& &AolA Ty Bt

QB A 7AW 2 7ol WA ofR, Qe dom, 1919 Wit 427, B9 44T 117 interquartile
so, gutolel A AHEO] THE A7150) WS 52 B3 range, 26 FHHoE

= Aot}
o] 22 AT H FHHAATY HAATL - F9IA 2 4335 Sk HBV F T E o
St Sk HBV % T (2022-E1904-02)9] SATNRIA[12]E LF5te] FAJstgoH,

2 4
=
o

1. 81 S5 AlE2 2

£ 718 B AT B2 AWM 24 Folth 2F FAD 2 BAL $EAY 9 B

542

EEEREEES
' (2022-E1904-02)9]
o] B0
3te] 2t akact. =22 % 20159 1095 E 202449 79 252714 DB A

FH T 3,068 22T E U 25,443709] ZAME HIE

o7 94 1,8679

= 4 glasty EY (60.9%), %173 1,201%8(39.1%)2.& = ct. HA| Ht+
2 A= 2015958 20249714 F 3,2217%°] 55 EEHA A2 53.6+£10.7416 29, HA2 Bt 52.3+

5ol o] F 42279 EHAE A9t 2,799 ¥ HE 10.54], 9/ B+t 55.6£10

# QA%o] o

Foi7t 33.8%
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B2 A7H8A9 A+ 9 A4 A
HH|(n=3,068) =XHn=1,867) 04 Xt(n=1,201) p-value
IS E 5F A AFA) 53.6+10.7 52.3+10.5 55.6+10.7 <0.0001
20-29 45 (1.5) 31(1.7) 14 (1.2) <0.0001
30-39 263 (8.6) 188 (10.1) 75 (6.2)
40-49 775 (25.2) 519 (27.8) 256 (21.3)
50-59 1,031 (33.8) 636 (34.1) 395 (32.9)
60-69 794 (25.7) 422 (22.6) 372 (31.0)
>70 160 (5.2) 71 (3.8) 89 (7.4)
oA
T 233 (7.6) 175 (5.7) 58 (1.9) <0.0001
T8 492 (16.0) 302 (9.8) 190 (6.2) 0.7934
IAEE 129 (4.2) 67 (2.2) 62 (2.0) 0.034
=335 32 (1.0) 1(0.0) 31 (1.0) <0.0001
AR 46 (1.5) 32 (1.0) 14 (0.5) 0.2226
g9/ Eate 4/2 2/2 2/0 -
#3635 33 (1.1) 10 (0.3) 23(0.8) 0.0003
{AFAS 10 (0.3) 5(0.2) 5(0.2) 0.4812
=
ofH{ %]
BEH4 131 (4.3) 80 (4.3) 51 (4.3)
ekl 110 (3.6) 59 (3.2) 51 (4.3)
dgly 141 (4.6) 92 (4.9) 49 (4.1)
IAY B 2,686 (87.5) 1,636 (87.6) 1,050 (87.4)
ofH
By 862 (28.1) 526 (28.2) 336 (28.0)
Ll 121 (3.9 60 (3.2) 61 (5.1)
7t 147 (4.8) 73 (3.9) 74 (6.2)
IAY BE 1,938 (63.2) 1,208 (64.7) 730 (60.8)
FA Apej
B4 956 (31.2) 532 (28.5) 424 (35.3)
Ll 87 (2.8) 43 (2.3) 44 (3.7)
s 199 (6.5) 94 (5.0) 105 (8.7)
AU 25 1,826 (59.5) 1,198 (64.2) 628 (52.3)
Hj--=}
BEH4 30 (1.0) 18 (1.0) 12 (1.0)
Ll 2(0.1) 0 (0.0 2(0.2)
s 1(0.0) 0 (0.0 1(0.1)
AU BE 3,035 (98.9) 1,849 (99.0) 1,186 (98.8)
A
BY4 226 (7.4) 21 (1.1) 205 (17.1)
KoLl 3(0.1) 0 (0.0) 3(0.3)
oz 0(0.0) 0 (0.0 0 (0.0
FAY BE 2,839 (92.5) 1,846 (98.9) 993 (82.7)

&9 B (%) &2 Bt HEH
Prevention Agency (2024) [1

2}, —=not available. Data from the report of National Institute of Health and Korea Disease Control and
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a1, 60-69A1(25.7%), 40-49A4
(25.2%) <22 30A4] o]st A ZF9] Higo] #4sh vhH,
AHEE o)™ Altil 30-60t &

MES Holt T HBeAg FHE GoHd B4 5T

24 9.8% (3027), %4 6.2% (1908)&
7.6% (233%9)2& 94 5.7% (175%), o
A 1.9% (58™)°]1 AL, olo] IAEZ(4.2%, 129), THAl
AH(1.5%, 4698) «=2.2 BHI= gt
7458 AL A3t BA 7HEE0] 86275(28.1%), BAIAH
7F590] 9568(31.2%) 2.2 o5& ot 43.7%°l4 2
E AR BRY 715 ol Atk E3 A 9] 74
AHE 32 o4 9] Zhd(2059, 17.1%)°14 1= A
ot AA 715l gt W] B A9ER Yok A
e of Sy B
S AL AlAKSHH, olof whet 1Y Abmo] g
Jufol g A4 o Qo] 73t aAS AT 4= Sk &
BALS] ZHE(RE - FARH) F oF 4.6-6.5%NA 7+t 7t
o] Buglo], gz AjQlo] gt X 28 ofet 7HE T

A7) AA 9 AAAA 75 Fa4E FAL & Aotk

=

ol o o
l\\)/ o,

2. Hto[2{A X2 g1}

AT 52 AHoNALE H=ZHEDF (44.2%), A=
H]2(27.9%), HIX=EHZAF (12.3%) £2& guto]HAA]
£ AHE Foloith WA ulo] &1 PHtolgA mIF 95
3t AR 20059FH =YE A7 29 20089 &Y
¥ Hx=ZHEDF7}F Bol AFEEE FAoIgod, drE B
oA gt 9 HAHE
BE M HEZH| 2 AR} S T oFAQl HAEZH| 2
(5.5%)9 AHEAZE FA; Eolue FE EATh ol oA

I F=AA 201794 FRE 7)1&

544

H3. A7 SF A AzdA

X 22H| CH&f Xt
TDF 1,054 (44.2)
ETV 0.5 mg 665 (27.9)
TAF 293 (12.3)
BSV 131 (5.5)
Adefovir 58 (2.4)
ETV 1.0 mg 38 (1.6)
ETV 1.0 mg+TDF 38 (1.6)
Telbivudine 24 (1.0)
Lamivudine 18 (0.8)
Peg-interferon 14 (0.6)
Lamivudine, adefovir 13 (0.5)
Adefovir, ETV 1.0 mg 10 (0.4)
Clevudine 7(0.3)
ETV 0.5 mg, tenofovir 6(0.3)
Telbivudine, adefovir 5(0.2)
Lamivudine, tenofovir 4(0.2)
ETV 1.0 mg, TAF 1(0.0)
Telbivudine, tenofovir 1(0.0)
7| € 2(0.1)
A 2,382 (100.0)
@$]: H(%). TDF=tenofovir disoproxyl fumarate; ETV=entecavir;
TAF=tenofovir alafeamide; BSV=besifovir dipivoxil maleate. Data
from the report of National Institute of Health and Korea Disease
Control and Prevention Agency (2024) [12].

£ 4hHos 75z

12

olr

BAE fEA @] BEd B of
AE 712 RAT 24l YA, AI5A A R
o] A9 WAYBHA] % BEAGS At vl U

S EAGE 3, IY 1, 2).

st
4

3. 78 2 Zioto)

u
0=
02

Yl

20049 749 259 V1€, 55 & S 75. 1EEE M
oflAf ZkeFo] ATt 60t BAF] HlEo] 42.6% (23%)
= 7P wten, qiiEe 9389, 70.4%)°1w ZHdH
(367, 66.7%)°] &RtE o] AU E2F Zheh WA b= 1

L] oko. ST 1EQH(29.6% vs. 15.8%), B (20.4%
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BN ETV W TDF [3 TAF [ BSV
100 . . . - -

80 1 -
< 60
ol 40 A

20 A

0 T — — — — — — — — — — — — — T T

Baseline 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17
3|zt
JE 1. 2A 520 FAE ks g5
ETV=entecavir; TDF=tenofovir disoproxil fumarate; TAF=tenofovir alafenamide; BSV=besifovir dipivoxil maleate. Adapted from the report of
National Institute of Health and Korea Disease Control and Prevention Agency (2024) [12].

A2 RAZO| AAIE 2rkt

ol
ot
an

N ETV [ TDF [ TAF IH BSV

Baseline
Enroll
Tob
N
I

J8 2. AmfAZY FAE Sk &5
ETV=entecavir; TDF=tenofovir disoproxil fumarate; TAF=tenofovir alafenamide; BSV=besifovir dipivoxil maleate. Adapted from the report of

National Institute of Health and Korea Disease Control and Prevention Agency (2024) [121.

vs. 7.4%), &5 AH(66.7% vs. 46.8%)9] H|&o] BA X olE°] tigt oD B0 2 A Fupo|HAAE 1 A
Z o5l &3kt 5] ol HFE W2 WA T 5&@—’?(pr0pensity score) WY £4& AlFstALY, Ftl

A=) &, 1FuEAE, FeUseadss} 22 AgE APHE FoT AolE HolA] FUTHARH] 1.78, 95% Al
Bl A=A oU HA H7E TE] €A T 59 ol A 257k 0.71-4.52). o] HolA wY & A v &
HEo] 80%°l Eot= 1+ E44 AlTte] AuH QA =E 4](Cox proportional hazard analysis)e &3 1%, ZH4H,
Hhe SRARF AYSHIL 1A, U ol I AEo] A HBeAg YA R, TYH 25 of L 7ok #A o] A1
St A0 2 BIE Lt A= gl

Bl ZH[EDF7} MH 72 AR} H]5|
e BT sk oy £3E 1Este] B AFoAx
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Surveillance Report

Analysis of Clinical Characteristics and Treatment Efficacy in
the Korean Hepatitis B Cohort

TaeYong Kim' @, Jae Seung Lee? @, Oeuk Jeong' @, Jeong Gyu Lee' @, Seungmi Choi' @,
Sangmi Ryou' @, MindJin Go' @, Jungyeon Kim™*

'Division of Clinical Research, Center for Emerging Virus Research, National Institute of Infectious Diseases, Korea National Institute of
Health, Korea Disease Control and Prevention Agency, Cheongju, Korea, “Department of Internal Medicine, Yonsei University College of
Medicine, Seoul, Korea

ABSTRACT

Objectives: The Korea hepatitis B cohort study is a prospective cohort established to analyze the epidemiological characteristics
and treatment outcomes of individuals with chronic hepatitis B virus (HBV) infection in the Republic of Korea (ROK). This
study aims to provide evidence to support HBV control, prevention strategies, and national policy development.

Methods: Adults aged =19 years with chronic hepatitis B were enrolled at five regional medical institutions across ROK.
Additional blood samples were collected from participants who consented to biospecimens donation. This prospective
observational study did not interfere with routine clinical care. Data on antiviral treatment, treatment continuation, and liver-

related outcomes, including hepatocellular carcinoma, were collected.

Results: Between 2015 and 2024, a total of 3,221 participants were enrolled in the study. After excluding 422 individuals who
were lost to follow-up, clinical data from 2,799 participants were collected. On average, 4.2 longitudinal blood samples per
participant were obtained at 6- to 12-month intervals. The cohort exhibited epidemiological patterns consistent with previously

reported trends in the ROK. The use of effective antiviral therapy was associated with better management of chronic hepatitis B.

Conclusions: The continuation of this study will enable systematic and efficient monitoring of the current status and long-
term clinical outcomes of patients with chronic hepatitis B. These findings are expected to inform revisions of national clinical

practice guidelines and support the development of public health policies in the ROK.

Key words: Hepatitis B virus; Hepatitis B; Hepatitis B, chronic; Cohort studies

*Corresponding author: Jungyeon Kim, Tel: +82-43-913-4810, E-mail: erijykim@korea.kr

Introduction most cases are asymptomatic initially, some patients develop
acute symptoms, such as vomiting, fatigue, and abdominal

The hepatitis B virus (HBV) is a partially double-stranded pain. In rare cases, the disease may progress to acute liver fail-
DNA virus belonging to the genus Orthohepadnavirus within ure and result in death. HBV can cause both acute and chronic

the family Hepadnaviridae and causes hepatitis B. Although hepatitis. Chronic hepatitis B is diagnosed when hepatitis B
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Key messages
(D What is known previously?

Chronic hepatitis B is the most prevalent chronic liver
disease in the Republic of Korea (ROK) and negatively
affects national health and social activities due to its pro-

gression to liver cancer and cirrhosis.

@ What new information is presented?

Approximately 70% of cirrhosis and hepatocellular carci-
noma cases in the ROK are caused by chronic hepatitis B.
The 5-year cumulative incidence rates are approximately
23% and 3%, respectively, but decrease to 5.3% and 0.8%
when treated with antiviral drugs, indicating the risk is
reduced by approximately 65% and 50%.

(® What are implications?

Implementation of effective treatment and prevention
strategies for chronic hepatitis B in middle-aged and
older adults is expected to significantly reduce the fu-
ture socioeconomic burden associated with chronic liver
disease.

surface antigen (HBsAg) remains detectable for more than 6
months after acute infection. The natural course of chronic
hepatitis B is classified into five phases: the immune-tolerant,
surface antigen-positive immune-active, inactive carrier, sur-
face antigen-negative immune-active, and surface antigen
clearance phases. The immune-tolerant phase is mainly associ-
ated with perinatal transmission, which refers to cases wherein
infection is transmitted from the mother to the newborn [1,2].
According to 2023 national statistics in the Republic of
Korea (ROK), approximately 7,200 deaths were attributed to
liver disease in a single year, ranking it 10th among all causes
of death (19.8 per 100,000 population), and liver cancer was
the third leading cause of cancer-related mortality [3]. In par-

ticular, the mortality rate among men was two to three times

www.phwr.org Vol 19, No 13, 2026

higher than that among women, and liver disease has been re-
ported as a major cause of death among socioeconomically ac-
tive middle-aged adults in their 40s and 50s [4]. The primary
cause of liver cirrhosis in the ROK is chronic hepatitis B, fol-
lowed by alcoholic liver disease.

The prevalence of chronic hepatitis B was reported as an
HBsAg positivity rate of 8.6% in a national survey conducted
in the ROK in 1982. However, following the development
of the hepatitis B vaccine in 1983, the implementation of ac-
tive vaccination recommendations, the designation of hepa-
titis B vaccination under the national immunization program
in 1995, and the introduction of a perinatal infection preven-
tion program in 2002, the prevalence of chronic hepatitis B
has steadily declined to 2.7% in 2021 [5-7]. Nevertheless, age-
specific data indicate that the prevalence among individuals
in their 30s to 60s remains at approximately 3-4%, reflecting
the high HBV infection rate among those born before the in-
troduction of vaccination [8]. Therefore, chronic hepatitis B
remains an important target for clinical management in the
ROK.

Chronic hepatitis B is classified into active and inactive
forms, and the inactive form may not require treatment. Active
hepatitis B causes persistent intrahepatic inflammation, lead-
ing to liver fibrosis and deterioration of liver function, ulti-
mately progressing to liver cirrhosis or hepatocellular carcino-
ma (HCC) (hereinafter collectively referred to as liver cancer).
Because the disease generally progresses slowly and symptoms
are often not apparent, it is often detected only after it has al-
ready progressed to severe liver disease without prior recogni-
tion [9].

Although no therapeutic agent capable of curing chronic

hepatitis B has been developed to date, oral antiviral agents
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introduced since 1998 and gradually improved have been used
long-term and can effectively alleviate the inflammation caused
by chronic hepatitis B, the deterioration of liver function, and
the development of complications. Therefore, through early di-
agnosis and continuous management, the risk of progression
to liver cirrhosis or liver cancer can be substantially reduced
[10].

Accordingly, establishing evidence-based healthcare poli-
cies that reflect the epidemiological and clinical characteristics
of the Korean population requires a continuous management
system for patients with chronic hepatitis B. To this end, the
“Korea HBV Cohort Study” has been continuously conducted
since 2015 to identify the long-term clinical course and treat-
ment outcomes among patients receiving treatment in the
ROK and to utilize the results for the revision of national clini-
cal practice guidelines and the development of healthcare poli-
cies. This article introduces the background of the establish-
ment of the Korea HBV Cohort Study, its operational status,

and its major research findings.

Methods

1. Establishment and Operation of the Korea HBV

Cohort

The Korea HBV Cohort established a patient registration
system across five regional institutions in the ROK (Severance
Hospital, Soonchunhyang University Hospital Bucheon,
Wonkwang University Hospital, Pusan National University
Yangsan Hospital, and Korea University Anam Hospital) and
has been continuously operated since 2015. The study pop-
ulation comprised adult men and women aged 19 years or

older with chronic hepatitis B who have been confirmed to be

550

HBsAg-positive for at least 6 months. Individuals who vol-
untarily agreed and signed the “project participation consent
form” for the provision of regular clinical data were enrolled
in the study. Among these participants, individuals who pro-
vided consent through the “human biological material dona-
tion consent form” were included in the biospecimen collec-
tion, and 16 ml blood samples were collected at intervals of
6-12 months, processed, and stored in the form of peripheral
blood mononuclear cells (PBMCs) and plasma. Registered par-
ticipants are followed every 6 months based on standardized
questionnaires, and clinical and epidemiological information is
continuously collected through surveys and clinical examina-
tions. Data cleaning of the collected data has been conducted

by the Epidemiology Team at Hanyang University since 2019.

2. Study Population

Eligible participants were patients with confirmed HBsAg
positivity for at least 6 months or those whose symptoms were
clinically consistent with chronic hepatitis B. From 2015 to
2018, the cohort targeted patients who were currently receiv-
ing treatment with oral antiviral agents or pegylated interferon
(including interferon therapy), patients planning to initiate
treatment, or patients who had discontinued treatment af-
ter receiving therapy for at least 1 year. Since 2019, however,
the cohort has included all patients with chronic hepatitis B.
According to the study protocol, the study was conducted
among individuals who could be followed up and provided
written informed consent. Patients were excluded if they had
HCC or decompensated cirrhosis prior to enrollment; had
liver function corresponding to Child-Pugh class C before en-
rollment; had a diagnosis of or treatment history for malignan-

cies other than HCC within the past 5 years; had co-infection
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with hepatitis C virus or human immunodeficiency virus; had
severe conditions such as end-stage heart failure or end-stage
renal failure; or were otherwise judged to be unsuitable for the

study purpose.

3. Study Method of the Korea HBV Cohort
(Collection of Clinical and Epidemiological Data
and Human Biospecimens)

As a prospective observational cohort, follow-up is con-
ducted at 6-month intervals after participant recruitment.

Study participants provide clinical information through a

baseline survey conducted at enrollment, repeated surveys

conducted periodically (at 6-month intervals) after recruit-
ment, and a final survey conducted at the end of follow-up
(after 10 years of follow-up or in cases of study dropout or
withdrawal). Demographic data include personal information
(sex, place of residence, nationality, date of birth, marital sta-
tus, education, occupation, smoking status, alcohol consump-
tion, medical history, family history, diagnosis of hepatitis B,
treatment history, etc.) and anthropometric measurements,
including height and body weight. Clinical examination re-
sults include findings from imaging studies, laboratory tests
(including white blood cell count, hemoglobin, platelet count,

renal function, liver function, and liver enzyme levels), and

Table 1. Korea HBV cohort study questionnaires

Category

Variables (factors)

Self-administered
Sociodemographic status
Health-related lifestyle

drinking, etc.)
Past disease history

disease, etc.)
Family history

Investigator-administered
Diagnosis
Treatment

Blood chemistry

score, HBV-DNA
Endoscope

Imaging test
Biopsy
FibroScan test

Bone density test

Sex, birth date, marital status, job, etc.

Smoking, drinking habits (smoking status, duration of smoking, drinking status, duration of
History of past disease (hepatitis, HCC, bone and joint disease, mental illness, cranial nerve
Family history if disease (hepatitis B, hepatitis C, cirrhosis, HCC)

Height (cm), weight (kg), clinical stage at registration, diagnosis time, etc.

Treatment status, medication adherence status, treatment response evaluation, start date, etc.
Blood collection date, CBC blood test, ALT, AST, calcium, phosphorus, total bilirubin, urin
acid, albumin, gamma GTP, BUN, alkaline phosphatase, creatinine, cholesterol, HBsAg,
HBeAg, HBcrAg, hydrops abdominis, hepatic encephalopathy, Child Pugh score, MELD

Endoscope examination status, date of endoscope, esophageal varices, gastric varices,
gastroesophageal varices related bleeding

Imaging test status, ultrasonic waves, CT, MRI, PET, etc.
Biopsy test status, date of biopsy, HCC status, lobular activity, fibrosis stage, etc.
FibroScan test status, date of FibroScan test, liver stiffness, IQR, CAP, etc.

Bone density test status, date of bone density test, TZ score, etc.

and Prevention Agency (2024) [12].

HCC=hepatocellular carcinoma; CBC=complete blood count; ALT=alanine aminotransferase; AST=aspartate aminotransferase: gamma
GTP=gamma-glutamyltransferase; BUN=blood urea nitrogen; HBsAg=hepatitis B surface antigen; HBeAg=hepatitis B e antigen;
HBcrAg=hepatitis B core-related antigen; MELD=model for end-stage liver disease; HBV-DNA=hepatitis B virus-deoxyribo nucleic
acid; CT=computerized tomography; MRI=magnetic resonance imaging; PET=positron emission tomography; IQR=inter quartile range;

CAP=controlled attenuation parameter; TZ=t-score, Z-score. Data from the report of National Institute of Health and Korea Disease Control

www.phwr.org Vol 19, No 13, 2026
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analysis of HBsAg, hepatitis B e-antigen (HBeAg), anti-HBe,
and quantitative HBsAg. When performed, additional data
include liver biopsy results, non-invasive liver fibrosis tests
including liver stiffness measurement (e.g., FibroScan), bone
mineral density tests, endoscopic examination results, and clin-
ical care outcomes. These and other types of information are
registered, with the participant’s consent (after obtaining writ-
ten informed consent), in the electronic case report form of a
web-based database (DB) (Table 1). According to the human
biological material collection system established for the HBV
cohort in 2015, biological resources are collected, and cell vi-
ability testing is performed on PBMCs and plasma. The speci-
mens are then cryopreserved in liquid nitrogen tanks and sub-
sequently provided to and stored at the National Biobank of
Korea (NBK) under the Korea Disease Control and Prevention
Agency (KDCA).

The clinical information DB established through this study
is continuously maintained with quality control through data
cleaning performed by the Epidemiology Team, enabling fu-
ture use by researchers [11].

The primary objective of the study is to evaluate the effec-
tiveness of antiviral therapy for chronic hepatitis B by deter-
mining the detectability of HBV in patients receiving antiviral
agents. The secondary objectives include examining the natu-
ral course of chronic hepatitis B in the treatment environment
in the ROK, identifying the occurrence of liver cirrhosis and
liver cancer, determining associated risk factors, and assessing
changes in renal function related to antiviral therapy.

This article was prepared by excerpting the final results re-
port of the “Korea HBV Cohort Study” (2022-E1904-02) [12],
which was conducted as a policy research and commissioned

research project by the National Institute of Health (NIH) of

552

the KDCA.

Results

1. Demographic and Clinical Characteristics at

Study Enroliment

A total of 3,221 individuals were enrolled in this study
from 2015 to 2024, and clinical information from 2,799 in-
dividuals, excluding 422 participants who dropped out, was
collected until the end of the study for each individual patient.
As of July 25, 2024, a total of 6,544 biospecimen samples had
been collected for future translational research. These samples
were collected longitudinally, with a mean of 4.2 samples per
participant and a median of 4 (maximum 11; interquartile
range 2-6).

This article was prepared based on the final results report of
the “Korea HBV Cohort Study” (2022-E1904-02) [12], con-
ducted as a policy research and commissioned research project
by the KDCA and the NIH. The report analyzed 25,443 survey
records collected from a total of 3,068 registered participants
whose data were stored in the DB between October 2015 and
July 25,2024.

The study population included a total of 3,068 participants,
including 1,867 men (60.9%) and 1,201 women (39.1%). The
overall meantstandard deviation age was 53.6+£10.7 years.
Furthermore, the mean age was 52.3+10.5 years for men and
55.6+10.7 years for women, indicating a slightly higher mean
age among women. In terms of age distribution, individuals
aged 50-59 years accounted for the largest proportion (33.8%),
followed by those aged 60-69 years (25.7%) and 40-49 years
(25.2%). This pattern was consistent with the epidemiologi-

cal characteristics of HBsAg positivity in the ROK, with the
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Table 2. Demographic and clinical characteristics of study subject

Total (n=3,068) Men (n=1,867) Women (n=1,201) p-value
Age at baseline (yr) 53.6%£10.7 52.3+10.5 55.6+£10.7 <0.0001
20-29 45 (1.5) 31 (1.7) 14 (1.2) <0.0001
30-39 263 (8.6) 188 (10.1) 75 (6.2)
40-49 775 (25.2) 519 (27.8) 256 (21.3)
50-59 1,031 (33.8) 636 (34.1) 395 (32.9)
60-69 794 (25.7) 422 (22.6) 372 (31.0)
=70 160 (5.2) 71 (3.8) 89 (7.4)
Comorbidities
Diabetes 233 (7.6) 175 (5.7) 58 (1.9) <0.0001
Hypertension 492 (16.0) 302 (9.8) 190 (6.2) 0.7934
Hyperlipidemia 129 (4.2) 67 (2.2) 62 (2.0) 0.034
Osteoporosis 32 (1.0) 1 (0.0) 31 (1.0) <0.0001
Chronic kidney disease 46 (1.5) 32 (1.0) 14 (0.5) 0.2226
Hemodjalysis/peritoneal dialysis (person) 4/2 2/2 2/0 =
Hypothyroidism 33 (1.1) 10 (0.3) 23 (0.8) 0.0003
Hyperthyoidism 10 (0.3) 5(0.2) 5(0.2) 0.4812
Family history
Father
Hepatitis B 131 (4.3) 80 (4.3) 51 (4.3)
Hepatic cirrhosis 110 (3.6) 59 (3.2) 51 (4.3)
Liver cancer 141 (4.6) 92 (4.9) 49 (4.1)
Absent/unknown 2,686 (87.5) 1,636 (87.6) 1,050 (87.4)
Mother
Hepatitis B 862 (28.1) 526 (28.2) 336 (28.0)
Hepatic cirrhosis 121 (3.9) 60 (3.2) 61 (5.1)
Liver cancer 147 (4.8) 73 (3.9) 74 (6.2)
Absent/unknown 1,938 (63.2) 1,208 (64.7) 730 (60.8)
Brother/sister
Hepatitis B 956 (31.2) 532 (28.5) 424 (35.3)
Hepatic cirrhosis 87 (2.8) 43 (2.3) 44 (3.7)
Liver cancer 199 (6.5) 94 (5.0 105 (8.7)
Absent/unknown 1,826 (59.5) 1,198 (64.2) 628 (52.3)
Husband/wife
Hepatitis B 30 (1.0) 18 (1.0) 12 (1.0)
Hepatic cirrhosis 2(0.1) 0(0.0) 2(0.2)
Liver cancer 1(0.0) 0(0.0) 1(0.1)
Absent/unknown 3,035 (98.9) 1,849 (99.0) 1,186 (98.8)
Children
Hepatitis B 226 (7.4) 21 (1.1) 205 (17.1)
Hepatic cirrhosis 3(0.1) 0(0.0) 3(0.3)
Liver cancer 0(0.0) 0(0.0) 0(0.0)
Absent/unknown 2,839 (92.5) 1,846 (98.9) 993 (82.7)

—=not available. Data from the report of National Institute of Health and Korea Disease Control and Prevention Agency (2024) [12].
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positivity rate decreasing among individuals aged <30 years.
However, the prevalence remained relatively high among mid-
dle-aged adults aged 30-60 years who were born before the in-
troduction of vaccination.

Among comorbid conditions, hypertension was the most
common, observed in 16.0% (492 individuals) of participants,
including 9.8% (302 individuals) of men and 6.2% (190 indi-
viduals) of women. Diabetes mellitus was found in 7.6% (233
individuals) of participants, including 5.7% (175 individuals)
men and 1.9% (58 individuals) women. Furthermore, hyper-
lipidemia and chronic kidney disease were detected in 4.2%
(129 individuals) and 1.5% (46 individuals) of the partici-
pants, respectively.

Family history analysis revealed maternal family history
in 862 participants (28.1%) and sibling family history in 956
participants (31.2%). Moreover, 43.7% of the participants
had a family history of hepatitis B in either maternal relatives
or siblings. In addition, cases of infection among participants’
children were mainly observed among the children of female
patients (205 cases, 17.1%). Considering that the medical his-
tory of immediate family members is often uncertain, these
findings suggest that the major routes of hepatitis B infection
in the ROK are perinatal transmission and infection during the
preschool period. Accordingly, the results highlight the need to
strengthen antiviral prophylaxis for high-risk pregnant wom-
en. Furthermore, a family history of liver cancer was reported
in the immediate family members (parents or siblings) of ap-
proximately 4.6-6.5% of participants, highlighting the impor-
tance of establishing regular screening and surveillance systems
at the family level in addition to treatment for individual pa-

tients (Table 2).
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2. Effectiveness of Antiviral Agents

At the time of study enrollment, the antiviral agents in use
were tenofovir disoproxil fumarate (TDF, 44.2%), entecavir
(27.9%), and tenofovir alafenamide (TAF, 12.3%). Entecavir,
introduced in 2005, and TDF, introduced around 2008, were
widely used because of their high genetic barrier to resistance
and strong antiviral efficacy. However, according to annual re-
porting trends, since around 2017, the use of TAF, which im-
proved resistance development and adverse effects associated
with earlier agents, as well as besifovir (5.5%), a drug devel-

oped in the ROK, has gradually increased. Since these agents

Table 3. Treatment medication at the time of study
registration

Treatment medication Subject
TDF 1,054 (44.2)
ETV 0.5 mg 665 (27.9)
TAF 293 (12.3)
BSV 131 (5.5)
Adefovir 58 (2.4)
ETV 1.0 mg 38 (1.6)
ETV 1.0 mg+TDF 38 (1.6)
Telbivudine 24 (1.0)
Lamivudine 18 (0.8
Peg-interferon 14 (0.6)
Lamivudine, adefovir 13 (0.5)
Adefovir, ETV 1.0 mg 10 (0.4)
Clevudine 7(0.3)
ETV 0.5 mg, tenofovir 6(0.3)
Telbivudine, adefovir 5(0.2)
Lamivudine, tenofovir 4(0.2)
ETV 1.0 mg, TAF 1(0.0)
Telbivudine, tenofovir 1 (0.0)
Other 2(0.1)
Total 2,382 (100.0)
Unit: n (%). TDF=tenofovir disoproxyl fumarate; ETV=entecavir;
TAF=tenofovir alafeamide; BSV=besifovir dipivoxil maleate. Data
from the report of National Institute of Health and Korea Disease
Control and Prevention Agency (2024) [12].
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Complete response by initial treatment regimen
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Figure 1. Complete response by initial treatment regimen
CRR=complete response rate; ETV=entecavir; TDF=tenofovir disoproxil fumarate; TAF=tenofovir alafenamide; BSV=besifovir dipivoxil maleate.
Adapted from the report of National Institute of Health and Korea Disease Control and Prevention Agency (2024) [12].

Complete response by maintenance regimen
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Figure 2. Complete response by maintenance regimen
CRR=complete response rate; ETV=entecavir; TDF=tenofovir disoproxil fumarate; TAF=tenofovir alafenamide; BSV=besifovir dipivoxil maleate.
Adapted from the report of National Institute of Health and Korea Disease Control and Prevention Agency (2024) [121.

do not directly induce a functional cure, long-term mainte- after enrollment. However, liver cancer occurred in 54 pa-
nance of a single agent is generally required. Nevertheless, dur- tients. Most liver cancer cases were individuals in their 60s
ing long-term follow-up, resistance rarely occurred, and these (23 patients, 42.6%), men (38 patients, 70.4%), and suffer-

drugs showed excellent efficacy in suppressing HBV (Table 3, ing from cirrhosis (36 patients, 66.7%). In addition, compared
Figures 1, 2). with patients without liver cancer, those who developed liver
cancer exhibited significantly higher incidence of hypertension

3. Occurrence of Liver Cirrhosis and HCC (15.8% vs. 29.6%), diabetes (7.4% vs. 20.4%), and a history
As of July 25, 2024, no patients were newly diagnosed with of alcohol consumption (46.8% vs. 66.7%). Fortunately, most

cirrhosis during a median follow-up period of 75.1 months cases were detected at an early stage and were treated with
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curative therapies such as surgical resection, radiofrequency
ablation, and transarterial chemoembolization. However, given
the characteristics of HCC, in which the recurrence rate within
5 years after curative treatment can reach up to 80% across all
stages, some patients required retreatment over time, and sev-
en patients were confirmed to have died due to liver cancer.
Considering previous studies reporting that TDF provides
superior prevention against liver cancer compared with enteca-
vir, a subgroup analysis using propensity score matching based
on antiviral therapy was conducted in this study. However, the
hazard ratio between the two groups did not show a statistically
significant difference (hazard ratio 1.78, 95% confidence inter-
val 0.71-4.52). In the matched cohort, Cox proportional haz-
ards analysis confirmed that older age, liver cirrhosis, HBeAg
positivity, and high alcohol consumption were risk factors for

the development of liver cancer.

4. Changes in Renal Function according to
Treatment Agents
Because TDF is known to carry a higher risk of renal func-
tion decline due to phosphaturia than entecavir, a linear mixed
model was applied in this study to compare patterns of change
in glomerular filtration rate between the two agents. Group

differences, time effects, and group-time interactions were

93
91 4
89 4
87 -
85 4
83 1

eGFR (ml/min/1.73 m?)

811 ETV

79 17— 1O

analyzed. The estimated glomerular filtration rate calculated
using the CKD-EPI (chronic kidney disease epidemiology col-
laboration) equation was significantly higher in the TDF group
than in the entecavir group (p=0.0295). Considering that this
study is a prospective observational cohort, this finding likely
reflects clinical practice wherein patients with reduced renal
function were more often prescribed entecavir rather than
TDEF. Over time, both groups showed a gradual decline in glo-
merular filtration rate, which itself represents a natural phe-
nomenon. However, there was no statistically significant dif-
ference in the change in glomerular filtration rate over time be-

tween the two treatment groups (Figure 3).

Discussion

The Korea HBV Cohort Study is a long-term cohort study
initiated in 2015. Since participant recruitment, it has success-
fully conducted follow-up over a 10-year period while collect-
ing clinical data and human biospecimens. The collected bio-
logical resources (clinical data and human biospecimens) are
being prepared for deposition in the NBK to promote research
related to hepatitis B, and a management and operational sys-
tem for the efficient utilization of these resources will be estab-

lished in the future.

Group by time effect p=0.7690

Figure 3. Changes in kidney func-
tion according to treatment medi-
cation

ETV=entecavir; TDF=tenofovir diso-
proxil fumarate; eGFR=estimated
glomerular filtration rate. Adapted

from the report of National Institute

0 6
Time since baseline (mo)
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12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102 of Health and Korea Disease Control

and Prevention Agency (2024) [12].
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Patients with chronic hepatitis B in the ROK undergo ei-
ther routine follow-up or antiviral therapy according to clini-
cal practice guidelines and insurance coverage criteria, and the
occurrence of liver-related complications among these patients
has remained very low. Appropriate use of antiviral agents sup-
presses HBV DNA, thereby reducing intrahepatic inflamma-
tion. Although antiviral therapy cannot completely prevent the
development of liver cancer, long-term follow-up enables early
detection and treatment. Through this systematic manage-
ment, disease control among individuals with HBV infection
in the ROK has been shown to be highly effective.

The cohort has now been maintained for more than 10
years, and by securing human biological resources for future
analyses, it enables systematic and efficient evaluation of the
current status and long-term clinical outcomes of patients re-
ceiving treatment for chronic hepatitis B. These resources are
expected to serve as scientific evidence for future revisions of
national clinical practice guidelines and the development of
health policies. The Korea HBV Cohort Study represents a
major national resource for the early diagnosis and eradica-
tion of hepatitis B in the ROK. Through continuous investi-
gation of evolving risk groups, it will play an important role
as an evidence-based research resource for informing policy

development.
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SH3TH RDSRS DICOM Tf-Zof wzt gojd Fxohe Az
HIAMZ A2 5, 82 A&, Yo, A%, 574, AN,

AA AALS] 4 DAP, ZF 9749 DAP, FAAZE 5 ohgst
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EA A7) ABAME Y] S CAG 440.00, CAG+PCI Adaizy

o&‘i %,

1,201.50, CAG+PTCA 1,284.65, CAG+SPASM 341.26, Aol BrArA

ro,

T Q) AT ANAMESY], FU4gh, BAGES H 29k 2t I A
A& DAPSF FAIAIZES] A3ARE RS #h& A2 u=x

42 stel BY7|® A7 @

FAA Algof Higt /29| =7} DRLs AHgS
glolElE o2 o7 7]TollA] S ste] HAF &
AMI 947.64, CTO 2,819.00, PCI 1,479,502 Uehdth, oz BAg 48d724 1 227t 9ok

01Z oz 7|9 thr|# A e suto
£ 2ok, An

=2
A SAH Ale dE A I gt =7 DRLs= dAst o fRAdd} 94 B3Eg HU0. E3F DICOM RDSROA]
F AT

= g DAPS} BAATHE B4 Wsz Agsierh. AA] il

2] dhef M LE A
24 7% 7} DRLs @
o8 44 AAE

U dYsEor dHx Y 9 A Alsd tg % 3AHEYSE F7F DRLs&E A%
7F DRLs> 201283} 20199 23]o] 24 AAH = 9oy ol vlsf| Er} EESHE tlo]E 7|9t
(121, A7gE ol dsfx= = i AAol] o AAE AR FollA 297k Sl
A7 B o] XA EOITHI0L. o] & dFe FW A AL 323 AHEE DRLsY] v

A®E ZEsHH, 718 2 vl 7S

TR 4 7hed FF

A3 CTO7} 7V &2

H1.AAEH2Y 2 A4 Ay HAMG T Bx

AAE HMIALE S 2 YU HIBALE? 2 Hrat
CAG 6.22 10.17 18.68 14.92
CAG+PCI 24.20 39.13 63.40 48.78
CAG+PTCA 25.20 33.84 53.89 42.89
CAG+SPASM 10.89 17.90 25.44 18.68
AMI 29.13 43.10 58.52 56.38
CTO 48.98 73.56 106.83 78.95
PCI 11.74 21.82 49.94 34.13

©@9: (Gy-cm?). CAG=coronary angiography; PCI=percutaneous coronary intervention; PTCA=percutaneous transluminal coronary

angioplasty; SPASM=spasm provocation test; AMI=acute myocardial infarction; CTO=chronic total occlusion.

H2 AZERARY 4 A8 Ael S7E FAAL X
AAIH MIAL2 S 2k SYU HIBAHE R 2 Bt

CAG 135.00 22453 440.00 395.84
CAG+PCI 520.00 817.50 1,201.50 938.28
CAG+PTCA 469.72 673.84 1,284.65 1,091.80
CAG+SPASM 174.80 232.12 341.26 298.52
AMI 439.00 671.41 947.64 874.69
CTO 1,203.18 2,143.22 2,819.00 2,099.02
PCI 555.99 982.00 1,479.50 1,192.61

@9 . CAG=coronary angiography; PCl=percutaneous coronary intervention; PTCA=percutaneous transluminal coronary angioplasty;

SPASM=spasm provocation test; AMI=acute myocardial infarction; CTO=chronic total occlusion.
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ABSTRACT

Objectives: This study aims to establish national diagnostic reference levels (DRLs) for coronary angiography (CAG) and
interventional procedures in the Republic of Korea (ROK), providing objective standards to optimize patient radiation exposure.
Methods: Data were collected from the second through the fourth quarter of 2024 from 20 certified medical institutions.
A total of 1,980 cases involving seven major procedures—including CAG, percutaneous coronary intervention (PCI), and
chronic total occlusion (CTO) procedure were analyzed. Using digital imaging and communications in medicine (DICOM)
radiation dose structured reports (RDSRs) and procedure reports, the dose area product (DAP) and fluoroscopy time (FT) were
evaluated. The DRLs were defined as the 75th percentile of the dose distributions.

Results: CTO showed highest values with a DAP of 106.83 Gy-cm® and an FT of 2,819.00 seconds, reflecting high
procedural complexity. In contrast, diagnostic CAG showed the lowest values with a DAP of 18.68 Gy*cm’ and an FT of
440.00 seconds. The DAP and FT for combined CAG+PCI was 63.40 Gy-cm® and 1,201.50 seconds. Overall, the derived
Korean DRLs were generally lower than those reported in major developed countries.

Conclusions: This study presents the first national DRLs for cardiac interventional procedures in the ROK based on
multicenter clinical data. These findings provide a foundational baseline for the management of radiation safety and dose

optimization in clinical practice.

Key words: Diagnostic reference levels; Coronary angiography; Radiology, interventional; Radiation exposure; Radiation dosage
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Introduction interventional procedures for the diagnosis and treatment of
these diseases has been steadily increasing [1,2]. Angiography
Cardiovascular diseases in the Republic of Korea (ROK) are and interventional procedures can be performed with rela-

among the leading causes of death, and the use of image-based tively low invasiveness compared with conventional invasive
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Key messages
(D What is known previously?

Coronary angiography and interventional procedures
involve high radiation doses, and diagnostic reference
levels (DRLs) has been recognized. However, no nation-
al-level DRLs have been established in the Republic of
Korea.

(@ What new information is presented?

This study presents the first national DRLs for seven car-
diac procedures based on clinical data collected from 20
Korean hospitals, using dose area product (Gy - cm®) and
fluoroscopy time (seconds) as reference metrics.

® What are implications?

The established DRLs can be used for institutional dose
management, practitioner education, and benchmarking,
and they may serve as practical reference standards for
future radiation optimization.

treatments and therefore constitute an indispensable compo-
nent of medical diagnosis and treatment [3]. However, because
angiographic and interventional procedures are performed
based on high-resolution imaging and prolonged fluorosco-
py, the radiation dose delivered to patients is relatively higher
than that received during general imaging examinations [2,3].
According to the 2023 annual report on medical radiation
exposure of the population published by the Korea Disease
Control and Prevention Agency (KDCA), the use of medical
radiation among the population has been steadily increasing,
with angiographic examinations increasing by approximately
21.3% in 2023 compared with 2020. As of 2023, angiograph-
ic examinations accounted for only 0.2% of the total use of
medical radiation, but they contributed to 2.3% of total patient

radiation exposure, ranking third among medical examinations
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in terms of radiation dose [4]. The effective dose per capita
from angiographic examinations is 0.07 mSv. Among these
procedures, coronary angiography (CAG) accounted for the
largest proportion (39.3%) of all angiographic examinations
and showed a relatively high contribution to radiation expo-
sure (26.4%) [2,4].

Six international organizations, including the World Health
Organization (WHO) and the International Atomic Energy
Agency (IAEA), jointly recommended the management of
patient radiation dose through the international basic safety
standards No. 115 in 1996 [5]. In addition, the International
Commission on Radiological Protection (ICRP) recommends
the establishment and use of diagnostic reference levels (DRLs)
to optimize patient radiation exposure, and dose management
and optimization based on these levels have become important
components of healthcare systems worldwide [6,7]. DRLs are
defined as the third quartile (75th percentile) of the radiation
dose distribution obtained by surveying the radiation doses
used in diagnostic imaging examinations at individual medical
institutions nationwide [6-9].

Developed countries, including those in Europe, Japan,
and the United States, promote radiation dose management
and quality improvement by periodically updating national
DRLs. In the ROK, national DRLs were first established and
announced by the Ministry of Food and Drug Safety in 2008.
Following the transfer of responsibility in 2013, the KDCA has
been presenting national DRLs for various types of medical ra-
diation examinations every 3-5 years [8,9]. To date, national
DRLs have primarily focused on major examinations such as
general radiography and computed tomography (CT), while
DRLs for interventional radiology procedures, particularly

cardiovascular interventions, have not yet been sufficiently
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established [8-10].

In the absence of DRLs for high-dose procedures, objective
criteria for variations in radiation dose between medical insti-
tutions or operators cannot be established, which might lead to
unnecessary increases in patient radiation exposure. This situ-
ation may contradict the radiation protection principle of dose
optimization [6-8]. Therefore, the establishment of objective
standards for interventional procedures is urgently needed, and
the development of DRLs based on real clinical data is essen-
tial. Accordingly, this study collected and analyzed radiation
dose data from CAG and interventional procedures performed
at major medical institutions in the ROK and aimed to propose
procedure-specific DRLs, thereby providing baseline data for

the establishment of future clinical and policy standards.

Methods

1. Study Population
1) Examinations and procedures

According to ICRP publication 135, when determining
which examinations or procedures should have DRLs estab-
lished, priority should be given to procedures that are com-
monly performed in the region, particularly those performed
most frequently or those associated with the highest patient
radiation exposure [6,7]. The main variables to be recorded
should be quantities that can be easily evaluated and, if possi-
ble, should be radiation dose metrics that can be directly mea-
sured during the examination or obtained from the imaging
equipment [6,7]. Accordingly, this study selected seven exami-
nations that are most frequently performed in the field of CAG
and interventional procedures. In this study, acute myocar-

dial infarction (AMI) and chronic total occlusion (CTO) were

www.phwr.org Vol 19, No 13, 2026

treated not simply as diagnostic labels but also as representative
clinical categories wherein lesion characteristics might increase
procedural difficulty and the amount of fluoroscopy and im-
age acquisition. Therefore, cases wherein interventional pro-
cedures for these lesions were actually performed were defined
as separate procedural groups. The selected examinations and
procedures were as follows: (1) CAG; (2) Coronary angiogra-
phy and percutaneous coronary intervention (CAG+PCI); (3)
Coronary angiography and percutaneous transluminal coro-
nary angioplasty (CAG+PTCA); (4) Coronary angiography
and spasm provocation test (CAG+SPASM); (5) AMI proce-

dures; (6) CTO procedures; (7) PCIL.

2) Selection of participating medical institutions

According to ICRP publication 135, sample surveys con-
ducted to establish DRLs should collect sufficient data to obtain
a representative patient sample, and it is reccommended that at
least 20 patients be collected for a specific examination from
a single facility. Furthermore, it is stated that when a sample
survey is conducted by randomly selecting a subset of facilities
from all facilities, results from 20-30 facilities are sufficient to
estimate national DRLs [6,7].

The status of accredited medical institutions capable of per-
forming CAG and interventional procedures was identified
through the database of the Korean Society of Interventional
Cardiology. Subsequently, the institutions were contacted to
confirm their willingness to participate in the study. To facili-
tate efficient data collection, 20 medical institutions equipped
with systems capable of generating digital imaging and com-
munications in medicine (DICOM) radiation dose struc-
tured reports (RDSR) and procedure reports after the comple-

tion of procedures were selected, and radiation dose-related
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information was collected for the establishment of DRLs.

2. Data Collection and Analysis

According to ICRP publication 135, several metrics may
be used for establishing DRLs for angiography and interven-
tional procedures, including dose area product (DAP), cumu-
lative air kerma, fluoroscopy time (FT), and the number of
images acquired through cine imaging or digital subtraction
angiography [6]. In this study, DICOM RDSR files and pro-
cedure reports generated from angiography systems installed
at participating medical institutions were used for data col-
lection. The RDSR is a structured dose report defined accord-
ing to the DICOM standard and quantitatively includes vari-
ous exposure-related information, such as device type, patient
sex, age, height, weight, examination name, cumulative DAP
for the entire examination, DAP for each image, and FT [11].
Therefore, the RDSR is suitable for use as an indicator for esti-
mating DRLs. Depending on the network environment of each
institution, RDSR files can be transmitted to an external server
through linkage with the imaging equipment server or the pic-
ture archiving and communication system [11].

Accordingly, for data collection, the research team con-
ducted on-site inspections of the participating medical insti-

tutions. Depending on whether network access was available,

Anonymization and DICOM standard dose
information extraction

XA modality
Encrypted
— e transmission
(.. Y n XARDSR, m F_I_, -
/2| gy - order
( ,L—-__ information Firewall
< 3 waj LR
Client SW Network
\ Participating medical institutions /
t

institutions were allowed to provide data using one of two
methods: real-time transmission of data or local storage fol-
lowed by subsequent collection. In addition, for institutions
where opening the DICOM network was not possible due to
institutional constraints, procedure reports generated after the
completion of procedures were collected in parallel. For proce-
dure report data collection, an Excel (Microsoft) data form was
used to receive the entered information, retrieve the completed
forms, and upload them to the study’s internal data collection
server for analysis. Among the total of 20 participating medical
institutions, data from 14 institutions were obtained through
an RDSR-based real-time transmission method, while the re-
maining six institutions used a procedure report-based data
collection method due to network limitations. A schematic dia-
gram of the data collection process is shown in Figure 1.

Data collection was conducted from the second quarter
to the fourth quarter of 2024. Considering the consistency of
the data and the feasibility of data collection across participat-
ing institutions for each examination type, cumulative DAP
(Gy - cm?) and FT (second), which were available from all in-
stitutions, were selected as the final analytical indicators and
collected. Cumulative DAP and FT are procedure-based indi-
cators calculated at the completion of a procedure and reflect

the level of radiation exposure delivered to the patient during

National radiation dose
information center

Figure 1. Schematic diagram of
radiation dose data collection for
coronary angiography and inter-

National radiation dose
management system for
angiography and
interventional procedures

ventional procedures

DICOM-=digital imaging and com-

Establishment of DRLs
| angiography; RDSR=radiation dose

munications in medicine; XA=X-ray

Feedback on DRLs

establishment by region or medical institution
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structured reports; SW=software;

DRLs=diagnostic reference levels.
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the procedure. The collected raw data were aggregated on the
study’s internal server and organized into an integrated data-
base. To prevent the leakage of sensitive personal information,
technical security measures were implemented, and all institu-
tional identifiers and patient information were removed during
preprocessing to ensure that the data were fully anonymized.
To analyze the collected data, descriptive statistical analysis
was performed for each variable. For each examination type,
the mean, quartiles (Q1 and Q3), and median values were cal-
culated for cumulative DAP and FT. DRLs were defined based
on the third quartile of the calculated dose values. In addition,
the first quartile (25th percentile) was defined as the lower

DRLs, and the median was defined as the target dose.

Results

A total of 1,980 cases were collected during the second to
fourth quarters of 2024 for the seven types of CAG and inter-
ventional procedures included in this study. The unit of analy-
sis in this study was a single procedure, and only valid cases
wherein cumulative DAP and FT were available were included.
All participating institutions satisfied the minimum sample

size criterion (at least 20 cases per institution). Based on these

data, the 75th percentile values were calculated using descrip-
tive statistics for each procedure type. The results showed that
DAP values were 18.68, 63.40, 53.89, 25.44, 58.52, 106.83,
and 49.94 Gy - cm” for CAG, CAG+PCI, CAG+PTCA,
CAG+SPASM, AMI, CTO, and PCI, respectively. The 25th
percentile, median, and mean values of DAP are presented in
Table 1.

The 75th percentile values of FT were 440.00, 1,201.50,
1,284.65, 341.26, 947.64, 2,819.00, and 1,479.50 seconds
for CAG, CAG+PCI, CAG+PTCA, CAG+SPASM, AMI, CTO,
and PCI, respectively. The 25th percentile, median, and mean
values of FT are presented in Table 2.

The 75th percentile values of cumulative DAP and FT de-
rived from these data were established as the national DRLs for

the seven CAG and interventional procedures.

Discussion

National DRLs for angiography and interventional pro-
cedures in the field of radiology in the ROK were established
twice, in 2012 and 2019 [12]. However, for cardiovascular
procedures, available information had been limited to radia-

tion dose data reported by individual researchers in the ROK

Table 1. Distribution of dose area product for CAG and interventional procedures

Procedure name 25th percentile Median 75th percentile Average
CAG 6.22 10.17 18.68 14.92
CAG+PCI 24.20 39.13 63.40 48.78
CAG+PTCA 25.20 33.84 53.89 42.89
CAG+SPASM 10.89 17.90 25.44 18.68
AMI 29.13 43.10 58.52 56.38
CTO 48.98 73.56 106.83 78.95
PCI 11.74 21.82 49.94 34.13

Unit: Gy-cm’. CAG=coronary angiography; PCI=percutaneous coronary intervention; PTCA=percutaneous transluminal coronary

angioplasty; SPASM=spasm provocation test; AMI=acute myocardial infarction; CTO=chronic total occlusion.

www.phwr.org Vol 19, No 13, 2026
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Table 2. Distribution of fluoroscopy time for CAG and interventional procedures

Procedure name 25th percentile Median 75th percentile Average
CAG 135.00 224.53 440.00 395.84
CAG+PCI 520.00 817.50 1,201.50 938.28
CAG+PTCA 469.72 673.84 1,284.65 1,091.80
CAG+SPASM 174.80 232.12 341.26 298.52
AMI 439.00 671.41 947.64 874.69
CTO 1,203.18 2,143.22 2,819.00 2,099.02
PCI 555.99 982.00 1,479.50 1,192.61
Unit: sec. CAG=coronary angiography; PCI=percutaneous coronary intervention; PTCA=percutaneous transluminal coronary angioplasty;
SPASM=spasm provocation test; AMI=acute myocardial infarction; CTO=chronic total occlusion.

[10]. Accordingly, this study is meaningful as a policy-oriented
study that collected radiation dose data from multiple medi-
cal institutions and analyzed them by procedure type in order
to estimate the first national DRLs for CAG and interventional
procedures in the ROK.

In this study, multicenter clinical data from accredited
medical institutions were analyzed, thereby overcoming the
limitations of single-institution studies and increasing the rep-
resentativeness and external validity of the results. In addi-
tion, while utilizing quantitative dose indicators derived from
DICOM RDSR, cumulative DAP and FT, which could be com-
monly collected from all institutions, were selected as analytical
variables in order to ensure comparability among institutions.
By establishing the third quartile of the dose distribution as the
national DRLs for seven procedures frequently performed in
clinical practice, this study presents a more standardized, data-
based, and consistent estimation framework compared with
previous national DRLs studies.

A comparison of the calculated DRLs by procedure
type showed that CTO exhibited the highest DAP (106.83
Gy - cm?) and the longest FT (2,819.00 seconds). This find-
ing reflected the characteristics of CTO lesions, which are

chronically occluded and often involve long lesions or severe

572

calcification. These factors increase procedural difficulty and
are associated with complex procedural processes and a ten-
dency toward prolonged FT [3]. These clinical characteristics
lead to prolonged fluoroscopy and repeated image acquisition,
ultimately resulting in increased patient radiation exposure. In
contrast, because CAG is mainly centered on simple image ac-
quisition for diagnostic purposes, it showed the lowest DAP at
18.68 Gy - cm?, and its FT was also confirmed to be the sec-
ond shortest among the procedures at 440.00 seconds.

In the case of combined procedures such as CAG+PCI,
CAG+PTCA, and CAG+SPASM, radiation exposure was
found to be relatively higher than that of purely diagnostic
procedures. In particular, the DAP of CAG+PCI was approxi-
mately 3.4 times higher than that of CAG, with three times
longer FT, indicating approximately 12.7 minutes longer ra-
diation exposure time. This finding might be attributed to the
structural characteristic that the procedural process becomes
more complex as interventional treatment is performed con-
secutively following diagnostic angiography [3].

When the DRLs derived in this study for CAG and PCI
were compared with values aggregated by continent [13], the
DRLs were found to be relatively lower (Figures 2, 3). This

finding suggested that medical institutions in the ROK are
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Figure 2. Diagnostic reference levels of CAG published for
different regions

When several works were compiled, the boxes represent the quartiles
and whiskers show the 5% and 95% percentile. CAG=coronary
angiography.

actively adopting advanced equipment and radiation dose-re-
duction protocols. A previous study by Lee et al. [14] compre-
hensively analyzed the status of DRLs establishment for inter-
ventional procedures in the ROK and other major countries
and reported that radiation dose levels vary substantially across
procedures and that differences exist among countries in terms
of the criteria and numerical values used for DRLs establish-
ment. In particular, interventional procedure DRLs in the
ROK were generally lower than those in the United Kingdom,
Germany, and the United States for most procedure categories,
which might be attributed to radiation dose optimization ef-
forts and the use of advanced equipment in some leading med-
ical institutions [14].

The establishment of national DRLs is not limited to the
simple presentation of numerical values but can also support
various applications in clinical practice. Medical institutions
can perform self-assessment of radiation dose levels using

DRLs as a benchmark and can use them as reference materials
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Figure 3. Diagnostic reference levels of PCIs published for
different regions

When several works were compiled, the boxes represent the quartiles
and whiskers show the 5% and 95% percentiles. PCI=percutaneous

coronary intervention.

for equipment performance evaluation and the development
of operational guidelines. In addition, DRLs can be used to im-
prove operators’ awareness of radiation dose and as education-
al materials, thereby contributing to the establishment of a ra-
diation safety culture. Furthermore, at the national level, DRLs
can support comparative analyses among medical institutions
and the development of feedback systems, and in the mid-term
to long-term, they can serve as baseline data for the establish-
ment of radiation dose optimization policies.

For the effective implementation and operation of DRLs,
continuous and systematic data collection should be conducted
in parallel. In this study, the validity of DRLs establishment was
confirmed through DICOM RDSR-based data, suggesting the
potential for the future introduction of an automated radiation
dose monitoring system. However, during the pilot operation
process, some medical institutions experienced practical dif-
ficulties in applying computerized workflows, and the specific

characteristics of procedures, such as changes in orders during
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the procedure and the occurrence of emergency procedures,
acted as factors that hindered system integration.

In addition, the fact that data collection was concentrated
within a specific period should also be taken into consideration
when interpreting the results. The data collection period of this
study partially overlapped with a period during which clinical
care and procedural operations were subject to change due to
collective actions within the Korean medical community, and
thus, the number of procedures performed at some institutions
may have decreased compared with typical years. Therefore,
the DRLs derived in this study might reflect the clinical opera-
tional conditions during that period, and future re-evaluation
and updating based on accumulated data over a longer period
are needed.

In this study, because the focus was placed on deriving rep-
resentative values for national DRLs using RDSR-based mul-
ticenter real-world clinical data, detailed stratified analyses ac-
cording to device characteristics, patient characteristics (sex,
age, height, and weight), and operator-related factors were not
performed. However, ICRP publication 135 states that appro-
priate DRLs quantities can be recorded using automated meth-
ods and that, in sample surveys where a sufficient number of
patients (>100) is secured at each facility, restrictions related to
patient factors, such as body weight, may be relaxed [6]. In ac-
cordance with these recommendations, this study adopted an
approach to derive representative values based on large-scale
multicenter clinical data. In addition, given the characteristics
of angiography and interventional procedures, radiation dose
variation may occur depending on equipment configuration,
procedural difficulty, operator proficiency, and lesion charac-
teristics, and the results of this study are subject to some limi-

tations in interpretation in that stratified analyses according
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to these factors were not performed. In the future, additional
detailed analyses reflecting patient characteristics, equipment
characteristics, and procedural difficulty are warranted.

In conclusion, this study was significant as it presented na-
tional DRLs for CAG and interventional procedures based on
multicenter real-world clinical data and proposed their poten-
tial utility and the importance of their clinical application. In
the future, additional efforts will be required, including the es-
tablishment of a real-time feedback system based on national
DRLs, expansion to comparative evaluation indicators among
medical institutions, and the establishment of more detailed
criteria for high-difficulty procedures. Through such efforts, it
will be possible to contribute to the creation of a patient-cen-
tered and safe radiation-use environment and to the realization

of radiation dose optimization.
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QuickStats

Trends in the Prevalence Gap of Binge Drinking
by City and Province, 2019-2025

Based on the 2025 Korea Community Health Survey (KCHS), the prevalence of binge drinking among adults aged >19
years was lowest in Sejong-si (28.2%) and highest in Ulsan (39.2%) (Table 1). The disparity in binge drinking prevalence be-
tween the highest and lowest regions increased from 10.8%p in 2024 to 11.0%p in 2025 (Figure 1).

Table 1. Trends in the prevalence of binge drinking by city and province, 2019-2025
Category 2019 2020 2021 2022 2023 2024 2025
Median 359 32.9 31.7 34.5 35.8 35.0 33.8
Seoul 32.9 30.6 27.7 32.9 34.8 33.6 32.7
Busan 36.0 34.7 32.1 37.0 36.6 36.5 33.6
Daegu 31.4 27.6 29.7 32.2 34.6 34.9 33.9
Incheon 36.0 34.3 31.8 34.4 35.8 37.7 34.1
Gwangju 37.0 31.5 32.8 37.3 37.9 34.7 30.2
Daejeon 294 299 279 31.5 35.0 33.1 30.2
Ulsan 39.3 359 34.4 40.5 39.0 40.8 39.2
Sejong-si 273 24.5 25.1 24.2 31.7 30.0 28.2
Gyeonggi-do 34.5 31.4 29.0 33.9 34.3 35.0 33.8
Gangwon-do 38.8 37.8 37.0 40.5 40.6 40.6 38.7
Chungcheongbuk-do 37.4 33.6 32.9 39.3 39.9 38.6 38.7
Chungcheongnam-do 33.2 32.9 31.7 36.4 36.2 35.9 34.9
Jeollabuk-do 32.0 29.5 30.8 33.2 33.6 34.0 28.9
Jeollanam-do 359 31.4 31.5 34.5 34.4 35.1 33.8
Gyeongsangbuk-do 36.2 34.1 314 35.5 37.0 35.0 34.4
Gyeongsangnam-do 36.4 34.1 33.4 375 36.4 37.5 34.0
Jeju 353 33.2 31.9 33.1 32.9 33.6 31.6
Unit: %.
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Figure 1. Trends in the prevalence gap of binge drinking by city and province, 2019-2025

*Prevalence of binge drinking: the percentage of individuals (aged =19 years) who drink alcohol 7 glasses (or 5 cans of beer) or more for men,
and 5 glasses (or 3 cans of beer) or more for women on one occasion during the past 30 days.

**The prevalence gap was calculated as the difference between the maximum and minimum values across the 17 cities and provinces.

Prevalence rates in Figure 1 were age-standardized using the 2005 projected population. This indicator was introduced in 2019.

Source: Korea Community Health at a Glance 2025: Korea Community Health Survey (KCHS), https://chs.kdca.go.kr/

Reported by: Hyo-Jeong Bae @, Division of Chronic Disease Control, Department of Chronic Disease Prevention and Control, Korea
Disease Control and Prevention Agency
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