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PURPOSE The purpose of this study was to systematically review Korean research
on genetics and athletic performance, to examine patterns of research accumulation
and structural characteristics within the field of sports genetics in Korea, and to
propose directions for future research. METHODS This study adopted a systematic
review design. Relevant literature was retrieved from the Research Information
Sharing Service (RISS) using the search terms “genetic performance” and “athlete
genetics and exercise!” Following PRISMA guidelines, duplicate records, nonacademic
publications, and studies with limited relevance to the research focus were excluded,
yielding a final sample of 35 studies. The selected studies were analyzed across
multiple dimensions, including research themes, athlete characteristics, and sport
types, genetic variants examined, performance indicators, analytical methods, and
interpretive approaches to gene-performance relationships. RESULTS The findings
indicated that sports genetics research in Korea has predominantly focused on
candidate gene approaches, with particular emphasis on the ACE and ACTN3 genes.
Performance-related fitness variables, including aerobic power, aerobic capacity,
and muscular strength, were the most frequently examined outcome measures.
Study participants were primarily national-level and elite athletes, with research
samples heavily concentrated in combat sports and ice sports. Methodologically,
most studies relied on single-gene analyses, and interpretations of gene-
performance relationships were largely based on between-group mean comparisons.
CONCLUSIONS In conclusion, Korean sports genetics research should transition
toward the systematic adoption of polygenic and multi-marker approaches to
improve explanatory power related to athletic performance and injury susceptibility.
Moreover, the development of sport-specific and training—context-sensitive analytics
is warranted, alongside validation of field applicability using performance-based
data and cross-platform genetic analyses. Finally, establishing long-term research
infrastructures grounded in longitudinal designs and standardized data accumulation
will be essential for constructing a Korean-specific sports genetics research system
that supports talent identification, individualized training, and injury prevention.
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(Guilherme et al., 2014).
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2 25 o] gttt 53] Athlome Projecti= 37185 71 134249
A7} obd TR 129} 3 8919 SRR ANEE AARS
BN AZZ [ A5 fi2vhd A o] &I tHPickering et
al., 2019; Pitsiladis et al., 2016). |3t T2 o|F th-7=}F &
S 715 H A7) ZIE AR AR, AXZ{HRL ALY
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A-7718 TAZE ojd A0 & sjAE|o] F=AE TPHeR &
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Fig. 1. PRISMA flow diagram
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Table 1. Trends in research by year

. Number of
Period Studies Key Issues

Exploration of single
candidate genes and basic
association validation

2001'3~2005 9

Emergence of gene—
environment interaction
perspectives

2006'1~2010 7

Focus on sport-specific
characteristics and
performance indicators

20111~20151 10

Reassessment of the
limitations and applicability
of performance prediction

2016:1~2020 3

Integrated approaches
combining polygenic,
psychological, and
connective tissue factors

20213d~2025 6

Total 35

SAAYHETE &5 933 eyl 2UE

o] 2 oJske nAg 1 Byttt E Park et al.(2005)& H]E}
7l D $~&#(VDR) ¥ o|AEZA &4 (ER) F871e} SLE 74
; )

TBAE BA5t] AS Tt 25 S50 F34 a3t #24
2 e 5 52 AAISHIT Woo et al.(2005)2] AFoflA =
5ot 5 Aot Al e tdeE ACE A B84 #

of, Fitd EeAs FdolM T A3 Nzt &4

hFO 2 20064 ol AFES 9Y §AA FAE FASHHA
T {2 2t ehs 2743 dgo] gigt B4 08 IRE ]
ok &, fAAEY dFol LHF AR, T5, BYH HE =
°ﬂ uet Gt X8 ASoke BFo R A7 APt AmE
¥, Kang et al.2006)2 EH—} Aot At Al &gt S o
*J’oi NAERA F8A-¢ |AA AT Y, SU:, AAX
d 7o) BAE B4t &5 o] FAA arE FEHeR A
Al

AT 5= ASS Bkt ol A A58 7He S

715t 27] AF-2 F71E) o]of Jung et al.(2007)2 TGF-A1 44
A T AR 2 SUE 7] BAE E45t B 2EE
FEolA AR TE Apol7F YEhe = S-S HASkelt ®
gh Kim and Yang(2007)2 9458 22 ACE 4412t o1
A AT E 254 #skE E45 o, AR
o2 43 A7 Aol ATH AL AAIsHet 22 WEolA
Kim et al.(2009)9] A-olA = ApoE 4%} t1g gzt @4 A ds
= 9 AR 25 Aot LdeTolA 54 fAAE0] F48A
W A9 AHE 73S AASHT uHAEEe & Jung(2009)2
TGF-B1 Tt A8 759 TAE 40t 4247 &5 A&
g7 A S &S Bkl

o]0} 20114 o]F A+ =7t @ AYE A FHY T/ &
o]y £40 = ZASIE|Q). o] Al7]ole B8 A¥Ho R AR
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H 54k 59, 299, 554 2715 ARt 8 4 e
2 Yehgth WA, Kang et al.(2011)2 9 AQEAAOC|Y =7}
HE A4S o R ACE R34 83 54k 589 &
AE w450l 182 AHHA+E, DDP2 FAkA hejel IAHE 7
2 Holthy ® 1519tk ©]9] Joo and Kim(2011)& F4d At
= e E 78 B AY a9 f3AF 1HY] A4S Bt
A5k E451 . Kim(2012)9] d7-olA%= ACESF ACTN3 &
AR o fAA ZREoA-E E-8oto] 22 A7]E A5 The S
45190, & |AA A(TG)7F 48 Aot #HE 4= IS

AAIBFATE. T3 Ahn and Kim(2012)¥} Byun and Park(2012)2
77y o vk Al e AR At S AT EAA O] ASE o

Aoz ACTNS AR g Tt FAA E fAR 5O A £
Asto] S £/ wet §42F 21t golstA e Ealskgl
o mjgto Cho(2012)~ SEASE b0 & ACE 947 T
A1} 54743 715 Aolg £A5te], DDEo] FAta 7]solA
AdH o= FET 4= &2 AAISHT
20164 ‘H-_TL FAe 718 di5oA &5 a&d 4 9E &
=2 o5, =W AT SE Fachs A Btk WA,
Park and Park(2017)— et A E A4EZ =2 COLSAL
AR g8 28 49 9 okx] 2E4A 2849 #AE A5t
o §x1A5go] TE Fof W 4 9 AvE 5 A2 Blskel
t}. E3), Cho(20200% P& 38 A452 thAho 2 ACE @ ACTN3
AR AT f- At 5 92Uk 7HY] TAIE A4Sk
AR G=0 2 3718 Ast=t] A7 Qla= A6
U]'Z]““’i e Oq:r"‘:2 ChRAA, ’SEL Agx32 348 2
q, Ahn(2021)3} Min et al.
= EH* 08 ACTN3 #47 t+374
31]( ;q]eﬂ E“;?l—J HAE H“ﬁ}oq FAAFL &, AATAT Al
EA40] Aol 523 S il BsHGIT) 22 WEtol A
Kang et al.(2022)2 A= A4E A4S Z DRD4 5 A8 & &
AR 3 &5 3 549 BAE B4t fAA7 A9H
AFE ol HAH R A7) IS 1A 7S AAsHE
o]o] Jeon et al.(2023)9] AFAME AYE LEEH A4S 4t
o0& ACE 474 0347 544 7159 #AE E4sto] §4
Agd &9 9 g& A AolE HASker wpACE Lee and
Kang(2025)9] AtolM e AEAS0] AR |A% o347 4
718 EAY TAE 4510 A71H A4 S BN fd BE
ZE 7Hs S =osielth

ﬂll

FUSHA, S LFAS A4 AL 2719 9 2 FA%
4 94 Q7oA FLIAAL, o|F A7 2HS T B4, £
9 4, 49 ol te §404 B3} ol 87 RS 7
St WEoR A% BYHULS & 4 Ak AT AT e
@42, 42 AT 99 471 ALE FTHo 1A
L At Soksie, SR JRE 471 o5 nx i BE

o
she AR/ dehta 98-S Bl ol Ha Make SAKE
14" 24 2elo] ohjel, A4 4, T4 9% Bel, 259 £
A 92 A Yok 4714 Be) E7E A4S A7 Tkl
Ag ulsieki & 5 e,

Korean Journal of Sport Science 2026, 37(1), 123-135

A7l 54

1. 22 &4
(Table 2)= & A7 Z3HE 3519 AF5 s Ao F&
EHEE AT Aot & At xE AT 9 A

it dFtides AT AR ofye, B4 AedE &
Alo] etsto] Blal FARE 97t i AR ofof whet 2 &
T ot ol A FE IR ETIHRGVHE £ A5 23,
AP E, FadAds, dutel Sioll Al 272 5 9ler, o= 7l
3 N =20 Haeet AT W] Sk AAsHA] et
WA, =7 R Aeg e s o oq—_r"%—% #i AR B34
I 710 AgH s Add A 21l TAE 24k H
23E Folth W82 710 & AuEY, ACTN3 R34 3447
T o9 AE 24T A eEgeH, el S5
SV A1 e o2 §AR] T Sl Thele) Aol
% B WS HMin et al., 2015). ESF ACE ¥ ACTN3 -8#} ot
BEE BH R uHgt \‘4%%%%“‘#%@1 =5 3719 14 B
AZ BHT ATE SAYCH, o B Tel F4 AT §
23 71+9] ¥io] @EQ%{EP(Kim 2012). 9 F5& W
o AN E LEEY 7R A4S SHE ACE 134
GRS £ £9 5Ee) WAL HEAT, SR
573 Aol7t AA = A eHKim et al., 2012)
ob2® ¢ g AYEAA Y SUHHE A4S ddeE & A
ol ACE S04 c19493} 271t el Al 9l el )
H/ﬁgo}otq S BAAAN 5 4 275 B FQ BA HEe
A= H(Kang et al., 2011). FZol= %LH AE G2 £E
o4 44 20955 149 2L SE9 A P9 Aoz
ACE #44F @43t 554 2715 9 A9 5*494 AS AT
AG7F Y= A H(eon et al., 2023). &, Z7HHE A A AT
+ ACTN3 % ACE 34 t34de T2 T o9, 29
5 3719, AR 9 59, A71E 1 AY 8 7o) #
AS AT A== FAH ASITh
WIE M52 QU F AFES 32 FA4 H43t 47]
g 9 5 37 BEE AY-493 B4 19 BAE B4Hste
o 23S Foloh A EE, ACE 9 ACTN3 32 g4 /-5
e B, 2E Y 29 B4 2158 FR B4 W A
At AG-E0] S E}(Byun& Park, 2012; Cho, 2012; Kim,
AFolME F719 A EY= &5 3l 0

r\l
L

570l 24& Fo1 ApoE ¥ TGF-p1 #-21#F o393}

e %E A 7z 9 75, FUE ko] BAE B4
009; Lee et al., 2004). o2} A 2z #HA §

ket T__"Je‘z"ﬁﬂ E4E& B4 A7k 2Eo] A2E AP I

Table 2. Frequency by athlete classification

Athlete Classification Frequency
National team athletes 9
(including elite-level players)
Adult athletes 23
Adolescent athletes (high school) 9
General population and sports participants 12
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o 417)
2017).
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A oY, 49 58 F8 B4 HEE 4% A7Eo] Y=
tHAhn & Kim, 2012; Woo et al., 2005). E3t, YE Ao
AAE Aot IRIsYS A 2gsto] f-47Hy

ztolg At on, olF Bl 7] Ao I B4
= 93 AA7F ALEHAHWoo et al., 2005). o3t AF+=2 F
20580 29 A I o2 FP=|9iTt.
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2. 5% 2x
(Table 3)°] %2 ¥ $42 7o) X 2 =29 A7eja
F52 71202 St ol & AT B 3
Aol 7 528 EPdoe 154 YAsks $42 Hgstalr
et $59 NEE AE A7 W42 oJushs Ro] ohe), 4 %
Bo] YA A7) P 54 WY +A NES ekt
WA, TE FRS o

% RALY 29 5 9] BAS B o) 29 R
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5 54 1Eote] 54U F5 As JY elAl fAAR0 i
A B4 #olg E45IAtHAAn, 2021; Cho, 2020; Feng et al.,
2020). YF AolMe 282A T |44 E= Y4 48 A
EE I EAst] R F5 A5 AA| EAAS TPHCE FE
3t tHJung et al., 2007; Lee & Kang, 2025).

W S5S B2E 3 A9E2 A4 3T /- FAka
d 2718 821 7t TAE FHoE #4450 AUATHCho, 2020;
Lee & Yoon, 2013). AW EH, ACE 34 tFg 4=} chefet 47
g I AY 821E A BAT AdE0] ALHoRE BuE|o]
HAhn & Kim, 2012; Kim & Yang, 2007; Woo et al., 2008). &
5] £AEEHT AnEAA0]g FE A= ATV E Es AYE A

F7FHEEA 0 2 £ =t} (eon et al., 2023; Kim et al., 2012).

T7) TEE FCE o AFE2 AR g B3 A
g 82l 7t TAE B4t Ul 23S Ttk H&S AWEH,
ACE 9 ACTN3 §47 ttg 3 f-FAtad 58, g3 =
(VOemax), &8 9 2448, 119 55 F8 24 Hez 44 o
TE°| £FEAY. S 5E W RE & AFollMe A A
ot kel xS T Zgote] FHAY B E BYH vhg
9] Aol & H|W FATE A = FRIE|ITt. ofo] A9} ES}H]
F& AolAEs A7 B4 wE A 845 w3t £40] o]F
O] HHGil et al., 2002; Kang et al., 2002; Lee et al., 2005).

Q@ T5S WL E T AFE2 AR 8T fAAAS =9
8 9 AH 75 AR 719 BAE E4cts b 238 5ok o
T AEE 71202 B, ACE §A% 34T Hiitad 3=, &
Aba/d A, D& I ARE F8 74 WEE AP At
FEQUt D7 AFoA= FFHAFE HAIFTE &6 T AFE
TEske] AlFEol S5 Ageto] 42 £/ Aol & Hlw 46131
HKim & Yang, 2007; Park et al., 2005).

4 9 7E FE5S AR & d4E2 A% 938 5
Eol8 A 82l 7t IAE Ao LAE ] it S FTH
AFolM = FARA XY e FARAA o9 fAR Y
FAZE B oH, NGt 329 AAARZE tJFo R 3 A4
oAM= &8, T9, AARY & F8 B4 R A5t o]
g ATE2 TE 540 WE AY 3 Zpolg whgs B4 A
£ 48391 Joo & Kim, 2011; Jung, 2009; Min et al., 2015;
Woo et al., 2005).

LEERR

(Table 4)9} o] AYPAFE AT HH, = 2545 4 ACE #
AR Ats AR B B4 gl dAA 3718 B A9 2
Aoz JuHoZ dAF o] gt EHoz AuHEY, Lee et
al.(2005)= 2Rl A4 S5 dukelS o2 ACE &
AR A4YJ/ZAA/D) T BEE vl B4 5ke] A4 ek} v
Ae A 2 A B 5SS )16k oo Kim(2012)2
ACE®} ACTN3Y] th5f484dE A0l 1elsto] &8 &5 47]

1l

iy

A

Table 4. Frequency of gene type utilization

= Gene Type Frequency
S A9e g0, SAAY0 BE Y B4 Aols BAsl: o ACE o
ACTN3 14
Table 3. Frequency by sports classification ApoE 4
Sports Classification Frequency VDR (Vitamin D Receptor) 3
Combat sports (e.g., judo, kendo, tackwondo, 17 ER (Estrogen Receptor) 2
boxing, wrestling) TGF-81 2
Ice ]ipt(?rts (ﬁ.g.],( sh;)rt track, speed skating, roller 8 COL5SA1 1
skating, hockey
Ball sports (e.g., soccer, bgsketball, volleyball, 16 CA(ZIICdll’Izl i
field hockey, table tennis)
Aquatic sports (swimming) 3 GDF5 1
Athletics and other sports (e.g., track and field, 4 PRD4 1
sepak takraw, dance sports) Other single genes 1
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o] IAE BT o2 Tdd AR FEL ¢
S Aottt $HH, Joo and Kim(2011)2 5

Ao & ACE R34 g1 4718 B Alg a9l 7h9] 4F

AR 5 9 s ARkl #HHEdS
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BX EA FHo=, dIE AF dAdME 37|85 F3
B4 FAoZ S8ET 93-S HojEr)
&3 ACTN3 f42Hs o= gt APATE
o9 2 29 F49 78 293} f-4A g4
ol= o] 28 Tk Min et al.(2015)2 9] &
O = ACTN3 f4% thg gzt Fata/d 19 719] Ao
9] 4 TR +8 EGT fAA e #AE HESISIT
Kim(2012)2& ACE2} ACTN3 RHAE SAlol 1 2iet thsR-d3d
AEE 5o 2 25 471939 $AE EATo =N od %
EAE A A5 $YotAT. T3 Byun and Park(2012)2
EYATEAA Y M-S Ao E ACTN3 §-82 T A w} A
121 2ke] JAE EAste T8 EAS vt FAaAd 9 s
ARE F8 B4 W52 Y5t F4d A5 gos &
TollA= ACTN3 §-47F g dat FAAY 48 529 TA7L &
Helglon, A7) A4 JaolA Y Ag S 547 £x B4
o] 3 AEEAHAhn & Kim, 2012).

ApoE |AAE tAC 2 3 AFLEL F2 |4 GFA4T A}
2 AEA B A A X ke BAE BYSHE bl 23S T
Kim et al.(2009)& 25452 A2 & ApoE S-3A @A &
A AR 5 9 A% F2o0] WAE BAsle] fHAG] U o
AL 9 AETA EALS AESIITE Han et al.(2002)2 FEAFE
4O 2 ApoE f-AAket 4l¥ 715 W oAb T A RS EA5H
5 548 gt AEd B4 £48 SY5ilth 3 Kim et

-
29} Autol g BlWato] Apok RAA HE B4

I

A rlo

[

o
o,

L4

o

o
o :
£ fr P
o 1% oX

J
i

i
[Sha
2
ol

p

al.(2009)2 54l 1
9] Z}o] = g BA51At.
VDR |47E giAe 2 3 752 A g4y 2ue ¢

T Pl AR 71] PAE FAOE SR Park et al. 2005
Aol L HABEG S5 45S TP VDR 904 H A
I ZEE0 IAE v EA5FAT. Lee et al.2004)+= +5AFE
G402 VDR S84 h T BUE E4E BAste] fEAge

i

o2 I # A1 Afols AESIAT 3 Kang et al.(2006)
VDR 3 fA%e} AA2A 2 ZARE TA 245t 244 &
d7tke] AFHIS FlstolTt.

ER 9428 o2 & AFES a4 st 2d: 2 Al
Az A AR 9] BAE BA5E ¥ 239L FA Park et
al.(2005)2 ER 947 b33 T4 719 BAE BA5t 45
ZE £ 8A ARt A4 E49 TS AESIT Kang et
al.2006) ER F-3AF T34 EeF € AA R A RS B0t
FAR ol w2 A B4 Zpols TA A A5

TGF-p1 §4%E o2 g A5 44 gy B T
A 23 TAA 4 AER/A 715 19 BAE EASHAT Jung
et al.2007)2 TGF-41 |44 b33 4% 9 AA=RAg 1F
o] TAE BH3to] T T NHEFY] JdBAEE AEFAL, o]o]
Jung(2009)2 TGF-41 &8t A 7|5 A RS B4k 442
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2ot AETA 715 7] BAE AASHA
2824 9 2244 T fAAE dFoR ¢ dFES 74
2F o 2EAA B4 9 B 1R AE 2o BAE EAoke
ol 273& S0} Park and Park(2017) COL5AT 544 T4
28 Bt 9 B B9 AHE Aokl 28] BT 7
AE AESISITE Lee and Kang(2025)2 A=ASE tdor 4
FxA FA4 BT A7 B4E EAstgon, Y Aol
COLIAL, MMP3, GDF5 f-AAtet 2922 E4 1t9] ¥AE A
A AI5HA e
upAE e 2 DRD4 %S thdez & A75S 744 1
T 3 B4 2 HEAET B9 89 1Y TAE Aol W 2
S T3tk Kang et al.(2022)2 F&=A4E g4 28 DRD4 §-4%
T} 9 A4S EAstglon, Y ATolAl Al 4% B
FHA L &% 9 19 BAE I AAISHAT
%, ACE®F ACTN3 FAAE tido s & A1E52
o

o)

X,

=

:

i)
2 o

B
o

[0l BAo| & &85 9lon, ApoE, VDR, ER, TGF-41
E o g AFES tAL 7, FEE, AETA A AR 5

AA BS B BE4o 284S FUoh B3t 2ER3Z I fAR9k
DRD4 R34 9= SE2A §4, 4 &9 x4 38 E43%
o] FAZS A0 7 4PE Ut

FEEE

(Table 5)°F Zo] AHA 7 P& BAT 23}, sheJ(FAAA)
d w7k 17002 7MY 2 WE B od (e 5
YACIE AAL 719 Hvf-g o], otg] tiH] AS HE 55
SF5kal AJATHCho, 2020; Min et al., 2015). tF20 2= {4k
4 58 AR} 14Ho|A E8E o, it gdFHFHVO:max)
I FAAA 93] 5ol 8 £ WIS E AREEATHAn, 2021
Ahn & Kim, 2012; Byun & Park, 2012; Gil et al., 2002; Joo &
Kim, 2011; Kim et al., 2012).

48 9 554 49 AEE 1399 o)A L8], Hd

=

B

Table 5. Types of performance indicators

Type of Performance Indicator Frequency
Anaerobic power 17
Aerobic capacity (e.g., VO.max) 14
Muscular strength / isokinetic strength 13
Fatigue index / fatigue-related indicators 9
Bone mineral density (BMD) 7
Body composition 6
Cardiovascular function / cardiac structure 4
Blood lipids 3
Blood pressure 2
Psychological, behavioral, and performance traits 3
Musculoskeletal and injury-related indicators 2
Other single-gene-related indicators 1
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g 93 B3, 554 2715 22 A 17 23EAHCho, 2012;
Jeon et al,, 2023). BEX|4 E 12 FA AR 9HY] AFolA
/‘}'Q‘Q&’iotq FAtAA 9 oA ml 2 vh-S AFSteke Hl

28519/t Ahn & Kim, 2012; Byun & Park, 2012; Cho, 2012).

A F2d A Ee FEE AR7F 79, ARG D AR
A E7F 6H O] AT A AFEEATH(Jung et al., 2007: Kang et al.,
2006: Lee et al., 2004; Park et al., 2005). 3, 483 715
A T T A= 49, @A A7 39, ) AEE 299
ALofA ZzF E8E Ao g YeEYTtHByun & Park, 2012; Cho
2012: Jung, 2009; Jung et al., 2005; Kim et al., 2009). ¥+
TFolAs HE-F55y 4 AR 34, ke 2284 4 4 t}%
A3 20| AHAER EFE| o] E4o] o]Fo]H Hrh(Kang et al.,
2022; Lee & Kang, 2025; Park & Park, 2017).

Sotd, 2 Aol 23 AgAT=S AR g9 A
£ 5] el o9, S4B, 28T 22 Al 4 4
X]EE 71 BlsobA E8otgon, UL, AARA, AE3A A

5 A9d oA Rt He A T Axe dHyos A
?PS’]QE AREE T S-S FRlsk

rr
1o

re
5
N
EY
T
4
5
O
&

APATE TPH R AES A7, Y 545 A% A+
FA= Ao R fAx g 4718 B A JAXE 7h
o] AW HEE FAHLE “Qﬂ ASITh. HFEY A+t §F
AR FFS AT H, o FAAE FAatad 1], S 5
g, 28 4 g2 1 A #x} ojugt WA E Hol=AE gt F
A +2E5 FHsk JAHJoo & Kim, 2011; Kim, 2012; Kim et

A FAY AR e AWEH, 7Y dldsHA Uit A=
Harad mhe] 9 ke F4 A 8913 51 v 7k A
£ 5= A=t tiEEelgith ACTN3 R4 S4HC &, ot
A 5 4 FANY 9 HFo] w2 TEOA - B oYt 1
225219 AL HES dA50] S35 o] gthAhn & Kim,
2012; Byun & Park, 2012; Min et al., 2015). ©]&3t A+ FA=
4% B4 FAFPFo= AFE A 760l tigt Falo] A+
FA Aol wrgE AR E 5=

o0& =2 HFE QAT A+ T4 f4tad 58 2 A

715 A#et F *7\} o34 7t9] BAE e Aol g

o Zg ﬂW*P*@ﬁ%(VOzmax) o] A4E2
JEIRom, ACE F-3#k

_l

AFA LT 22 YA RHE FHOE 4% .
o389 3’1:]'%’\3% T8 otAt st tHJoo & Kim, 2011; Kim et
al., 2012; Kim & Yang, 2007). o]&} Z-2 FA] FAL AR} A
7} 37189 712 AlE 248 A¥oks dl 23S T U2 BY
2t
E"”{} cﬂ?“’ﬂ" = 49 9 554 sg i AR
T e Y #AE £4

e u} olejet s
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He 2715 ARE AR FAE A0t lgleH, dd /4
A B v YA #HYE A0l FESHITHCho, 2012
Jeon et al., 2023; Kim, 2012).

U, S, AARY, @SAE, AER Ve 22 A
24 ARE FHOE T AT FAl= AHH LR ATl HFL
2 Yebytth g FAEL F& VDR, ER, ApoE, TGF-81 #-3%
£ B4 Qo R AAote] L54s JTe AA H-g E4olv A
7 T A 1eke] BAE ks WFLE A=A Jung et al.,
2007; Kim et al., 2009; Lee et al., 2004; Park et al., 2005).

T AF IFoA= 224 B9 FHAHCOL5A1, COLIAL,
MMP3, GDF5) %+= DRD4 §4AE #4 ti4do g HAAsto] I=
AA B4, 744 T4 Ax, 3 54 2 A-P5 82079 A
& FAR 921 UAHKang et al., 2022; Lee & Kang, 2025;
Park & Park, 2017). Tk, o] 4] T/ AA| AT SFlA
At Ak HFo] ZA] o, A FA4 A FAof v AriEos
AT Q1 Mol A A =]o] St

[t

o)

FPehE, Y LTS A4 A7 A YL B71E

Ao AWH AY YHARES FHOE & FAVL FRE o2

3, Qe 72A A3 AEY e 234 20 XY FAL 1

24 Eb $94 4208 7450 Jglth. ol §A4 A7t 3

2 A2 7|3 4718 A W gajoleks XA & QoA £ 5]
[e]

APATE HEST 23, 4 25 a4 d+ts A
T W] oA Bl A 3T 0SS Bk A A
o S B, fiRa] A7t diskidS, dHE ’ﬂ—’F =7}
i A5E SHOE FHeH,

I 29 A9E AeE ZARE A7 RHEF o g SlE Y q
(Jeon et al., 2023; Joo & Kim, 2011; Kim et al., 2012). °]&=
AR} A719 719] TAE Kok J&o] 1ot ) =3 —’F-ao]
2 AP JEE 7GR dFstel s AT Aol Rt E 23

_\é_ s th-
eSS GO B AT A I HIFS AT A0
o, %

ol& A7+ TV Aol v J 70l 2 HES
&0t §37 U340 A AR 719 BAE BEAote ¥
FAEJAHByun & Park, 2012; Cho, 2012; Kim, 2012). EE?}
YE Afolre es B AYE A4S DRI b2 3
zoteto] Mo Ao} vlAdS Jd 7hY] f4AF B B AYH &
A Aol & Hludl= A AAZE FEEHAHKim et al., 2009; Lee
et al., 2005).
Aad A5
Jx0om, 8 F 1590 59 & ’ﬂ-’Fe EH*JOE T4 ok
BT 7% AY Ee TN 93 58 119 BAE E451= Tl
23S T3 39HAhn & Kim, 2012; Woo et al., 2005). o|&{3t
ATEL 7] A guu E4E drgstaat skl o, AA o
T SEoIA AAot= H52 3A G2 AR 1/}‘:4";1'@
TE HES /Hoié_hﬂ_“i‘:q =4 545 87 de F
T IEEE, AL, 9dE 53 Y SEREEY, ATEAA0]
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g, EfaveaAolg)e] AFHe 4TS Btk FE F5 A
A= Ag, 28, FAtad shelet 9 AIA BT F2 8
A.2m(Cho, 2012; Kim, 2012), A $5& o= g Agd
TES AR 5, B 3 Mz B RS FHeE fA
A EAJ3te] FAAZS B43) Yh(Joo & Kim, 2011; Kim et al.,
2012).

iy

S, 7] $2olut 49, S4T 2 FBL hyoR 3 ATE
AR ARAQ S Uehon], A% AT o
=H

E3tE] o] AAJTHGIl et al., 2002; Kim & Yang, 2007). o=
H 7] B4 A+ J2AY Aort At S5 gl 92
RS 73S AR

3 g FEY AFolA g Aol B 5 B B A
BAO] 2Fo A AAVE AEEoH, o2 Qe FHE E
Ag e A 7 Gl =8 " AohA] g FRE R
Aot o2t A2 AT F5 W] 9 SR vk
X FAHOE A= o] ¥ HolET
S, S 84 A% A+ I A Jg 54
FTELol| Artdol JEEo] gor, Ayt A3 S5 WS
A718 A Ag AR RE FHOE AT FAV AHE 24
7|9ro 2 ZHge grhal & 4= Qi

[

o |

2

Ee)

AR B4 A2 HA e &4

AYATE ZA 23} i 2545 |84 dE FAtHos
TR A SAHY 24 A2 FAS AEs) gk REe] Aol
A BR fA2E AT & i fEAe] ggde SUEaE 4
gota AlE Ee YA 4R Y] BAE B4k #Halo] whE
H oz A&9irt. 5] ACEQ ACTN3 HAAE 402 Y &
A2 A 718 B AY 8919 TAE 4T AFE0] A
%702 $35 0] gtkJoo & Kim, 2011; Kim et al., 2012; Min

et al., 2015).

AR B4 A2
QA ;® 7He] BAE EQl .
ACTN3 §4% g8 F4atayd ohel, m2X 4, &9 XX 719
Z}olE H| WA Ahn & Kim, 2012; Byun & Park, 2012), ACE
A7 S SHOE A 58 A7 B4 AE 89l
7] AL B8 Yri(Joo & Kim, 2011). o]&sh HEL /4
A2 A9 HeE JF st A AR Eete] TS 54
Ao g HFoh= HEAQ FH §17 A+ £ 7]5ketar Qlck

GH AtoflA= B FAR FZoA Yot B4 fARE SA
o x2jote thERAF A ol AlEE] gith Kim(2012)2 ACE
9} ACTN3 42 SAloll 4950 78 {42 aapaat ofyzt
FAA 230 WE 28 5 37189 Aolg AES. ol2gt
A= O 94 £49] TAE d4lsta, A71g U] B
54L& WgstEe AR E £ oy, AA A+ 5514 AA|5t
= HS2 obg Al ]l o] HED AU

E3h IF AHoA e A% B3 AA 9 715F QuETh=

=
AAg B2 54 ulie] £49) 288 S Ao A8 g

EO
ofy
Y
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A o2 gt A+
=2 T8 A% dg8T F2-+2F AR 719 BAE E4ok=
WAL FHokAL ISt oF AtolAe TUE, AARA, BFA4E,
AET 75T Z2 AAANEE FHLE, A0 e BYF
£/ ZJo] & H|wdH= E4Jo] o]ZoHTH(Jung et al., 2007: Lee et
al., 2004; Park et al., 2005).

T AR AFolM= 224 B9 FHAHCOL5A1, COLIAL,
MMP3, GDF5) ®+= DRD4 32 &4 Yo & d4sto] &=
AA B4, 74 T4 Ax, £ B4 E= AP 8179 &
AE EA45H= FZo] YelgtiKang et al., 2022; Lee & Kang,
2025; Park & Park, 2017). Thit, o213k 2 A B4t /4
Y] i At W7 AlgHH ool A, 71& S8 fA% S £4 &
< Aol | Bk BbA S Fei= A= AU

TP, I LeAE FAR AT B4 JL A2 FH §
AR 716He] Y §A%F BAE SAHoRE g0 o, 7
TolA FFAFE B0y B2 Hjul B4o] ARE o, B

1

g
AT A9 e ok AR o] B2 it ol

BT WA B4 olF fAA-771E BAE A BAolE
YT FFL 0|HS 5L xS Yot

S WA A Py

o M AY HUALY B Aol E- JUBATL FAYCE §
JAAE FHOE FUE SHstOH, FHAY 2 ol el
A9 ol o A 29 Ex 3718 B4 BYoR s

E£3] ACE 9 ACTN3 S-S 243 A7 S0 &4 4%
Fo| §-FAAA SEolu 1], &Y ARAA JHoR 435
9 E4S Bt 949 gi4o] vHEH o2 A A=A HARN &
Kim, 2012; Byun & Park, 2012; Min et al., 2015). o2&t s}4]
o F2 et 7+ B v n Ao LA ko] o]FojF o, fE M
FF|A 9] A718 dEEths A 20 £4 Ato] Aol 23]
gr3=o] A At

A7 AFoxe dd FAR ZAo] dist oA Yolrt, &
F FAZ 2] U2 F71g 54 XolE TA A ASHA.
Kim(2012)& ACE®} ACTN3 F-AAS FA| ot 28 %
718 3e] AE s =M, H7E ddo] Tl fRt] 93]
AR Bk 4 239 TS TS F USS A 4o
EFAIH T ok, o]t 4] Al AlF Aupx| ;] Zpoof AT
of HEe], 4718 &d 37 Axte] et 2L 402717
=

A )

TG, U AL RA4Y 1k Ko7t AR §o54]
2 AT AN 2AR 54 §
= #40] AAF3cHCho, 2012;
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Kim & Yang, 2007). ©]&3t a4 g2 F-AA-4371 #A7F &
<o oY e 7271 obdZ AAISHEA = A3t SjA oA o] 24
71df = A A o] oEshe FFe Rt

S, VDR, ER, ApoE, TGF-81 §348 o g AF-E0]
N 4718 AA Rt A 724 A Boke] #AE U= o
iAol F2 AAIHAT. ol AFolME TLE, 4IRS, EFA
A, AGH 7153 22 AN TEE /A 1 Afolg e A
F A9 AA AE 54 B AY2A 54 Aol 2 siAshe FFel

HEFSTHKIm et al., 2009; Lee et al., 2004; Park et al., 2005).

H AolA 5et 2e22 I FHAY DRD4 /A4S &
ATt AEoA e FARE71E BAE 7 31 54, 29 O4F
g, el BE 207 AAISHY A4Stz A7t e th(Kang et
al., 2022; Park & Park, 2017). 2|3t s 42 7|& A|E F4l9 4
719 dfjaofA Holut, F7|E HdS Bt §2 49 549 W
A Aot A2oR E 4 1o, oy At Hee X H A
= AR 0l HEH 0“’4'

FTEotE, FUH &54F AR Aol fAR-E71E BA
2 Jg £29 %74]7‘4 ato] RIS FAH O R o]FolA from,
QX B 59 EXT X[ o2 AF5}H
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