L)

Check for
updates

Korean Journal of Sport Science 2026, 37(2), 191-202
https://doi.org/10.24985/kjss.2026.37.2.191

KsrPo’

Original Article

Effects of 12 Weeks of High-intensity Interval Training
Combined with Heat Stress on Inmune Cell Composition
and Metabolic Risk in Obese Men

Do-Hyun Kim', Eun-Sook Kim', Yong-Hyun Byun?, and Sung-Jin Yoon'”

'Department of Physical Education, Korea University

*Department of Sports Medicine, Dankook University

Article Info

Received 2025.07.31.
Revised 2026.04. 04.
Accepted 2026.06. 24.

Correspondence®
Sung-Jin Yoon
jiss@korea.ac.kr

Key Words

High-intensity interval training,
Heat stress, Adipokines,
Immune cell composition,

Metabolic syndrome risk factors,

Obesity

NE

—

A AAROR WE ATE

HTHE2 A&EH 08 F7sta
Organization, 2021). 2023 %"H 19A] ol A3R1E& tiide = 4
2 45.6%°] Zotgiom, 1dAdT}
g 8382 7k7F 28.6%, IS.Z%E H I EAHKorea Disease
Control and Prevention Agency, 2023). Kim et al.(2023)9] <

ARt EAA R W=, vgke

PURPOSE This study investigated the effects of high-intensity interval training
combined with heat stress on immune cell composition and metabolic syndrome risk
factors in obese men. METHODS Forty-five obese adult men were randomly assigned
to one of three groups, high-intensity interval training with heat stress (HIIT + H),
moderate-intensity continuous training with heat stress (MICT + H), or heat stress
only (H). All groups participated in their respective interventions three times per week
for 12 weeks. Body composition, adipokine levels, immune cell profiles, and metabolic
syndrome risk factors were measured before and after intervention. RESULTS Both
HIIT + H and MICT + H groups exhibited significant reductions in body weight, BMI,
and body fat percentage (p < .05). Adiponectin levels significantly increased in HIT
+ H and MICT + H groups, whereas adipsin levels significantly decreased in all three
groups (p < .05). NK- and T-cell proportions significantly increased across all groups
(p < .05). Waist circumference, fasting glucose, and triglyceride levels significantly
decreased in HIIT + H and MICT + H groups, whereas HDL-C levels significantly
increased in both exercise groups (p < .05). CONCLUSIONS Combined exercise and
heat stress training was associated with favorable changes in body composition,
adipokine levels, immune cell composition, and metabolic syndrome risk factors
in obese men. Both HIIT + H and MICT + H resulted in similar positive changes, and
HIIT + H can be considered a practical intervention option based on comparable
improvements observed with a shorter exercise duration.
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i
7}9l(adipokines) EH] 249 oA 5= A0 FE HUETH
(Kiernan & Maclver, 2021; Taylor, 2021).

oft] 7RI AHF R A oA HH| == g AR, o|X]
EH/‘} 9 HY 20| Pojot= thYT SF7F EA ST o] F ofH
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iAol 7]ofob, ZFAASIAZ(NK cel)QF T Al29] 7|52 245
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£ Wt 4SS ko2 DA% QI Edohdst o A0l U
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B39 25 8 A A1 HRLE TSk 2 A

AAG=E 5% BMI 251<g/m oiﬂgi'ﬂ 90cm ol* o= A 7}
2 25 353 S 2O A RES 22 3
TR R ‘g.‘o ﬁij—%"ﬂ ZrofolA] FotoH, d $7o) o
A= WS Z-SHAY. A =
= G*Power 3.1.9.7 &ilaé.‘—% o]-&sto] HHESA o] dEAREA]
(repeated measures, within-between interaction ANOVA)O]
71dreto] AP 7838 E-4(a priori power analysis)& AA|5ko] Ak
319t aata7](effect size) £ = 0.25, §95F(a) = 0.05, A
FE(1-p) = 0.82 HAoto] F 4289 At AEEoH, &
GRS 1LEsto] 4579 HIdAE BFsHT tdAES A 4
Zpet A EAo) tigt S B3 FYANE AHOR AT &
of Zofstitt. A+t 14 IEE Edold & & A=
(high-intensity interval training with heat stress, HIIT+H), &
B A4 EFold & & A=H(moderate-intensity continuous
training with heat stress, MICT+H), € A= FtH(heat stress,
H)oll Z¥zr 1584 F219] dd=lo] & 4590] A4 AR o]
st AR AAH /442 (Table 10 AAIsHAT &
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Table 1. Characteristics of participants (Mean+SD)
Variables HIIT+H MICT+H H
(n=15) (n=15) m=15) 7
Age 28.06£4.44 2626472 27.53+4.47 543
s 0624, 2644, 53447 .
}igrglg‘t 174.78+6.75 175.72+£3.89 174.66=4.69 .832
“Ef{ght 87.94+£589 88.76£5.62 88.77+£5.65 .903
BML 28.8942.84 28.75+1.80 29.13+2.08 .901
(kg/m’)
Body fat
percent  31.46+3.50 31.46+3.46 32.26+2.76 .742
(%)
Waist
circumference 100.86+5.39 101.66+5.02 102.86+8.53 .701
(cm)

HIIT+H: high-intensity interval training + heat stress,
MICT+H: moderate-intensity continuous training + heat stress,
H: heat stress, BMI: body mass index. p<.05
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1. A4

A WA AAFEE F7F5H7] Sl 7 B4 28 A
oA s EHE ST &, A5AGAZ7I(BSM 340, Biocpace
Co., Republic of Korea)2t A A7 A&=%47](Inbody520,
Biospace Co., Republic of Korea)& AR&3lo] A& (cm), AF
(kg), AATE(%), BMI(kg/m>)E AP} AFZo] 27431}

2. &5

E ALoA = JAA o210 E(Powermax-1I, Combi Co.,
Japan)E &3t AL FHFH(VO,,,.) S8 Yl Bruce Ramp
Cycle Ergometer ProtocolZ A&ttt A= HE® &=
60~70 rpme RAT AJefollA] &0ttt Holg HEHoRE FTHA|

71, HE& QA A& E7FsT WA 36t 27] Boh=
sowagANE 4% 01'93\2”4, o|% uf 3Eult} 25WH F71oFCt
25 T Ath AHERVO.), olAtsterA AARFHVCO.), S7]7HVE),
ZENEERER), AHHR)IE AATCE S5 0H, 557}
2 B2A47](Quark be, Cosmed Co., Italy)?} 48t X YE|(Polar
RS 400, Polar., Finland)& AM8-ste] 7|E51h &5 $& 71&2
F|AE(220 - Yo))9] 85% =, RER > 1.10, VO: plateau(¥l
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The recruitment of participants(n=45),
Obesity men

Pre test
<Body composition, Graded exercise test, Blood
p Blood sampl

!

Randomized into 3 groups

Intervention for 12 weeks, 3times/week

Moderate-intensity
continuous training Heat stress
+ Heat stress (H, n=15)
(MICT+H, n=15)

!

Post test
<Body composition, Graded exercise test, Blood
pressure measurement, Blood sample>

}

| Statistical analysis

High-intensity interval
training + Heat stress
(HIIT+H, n=15)

Fig. 1. Experiment design

SHe < 150 mL/min), = A4 @22 Qs ¢t = shsE =
£ A2 Aot &5 F 784 &5 AT Borg's Rating
of Perceived Exertion (RPE) Scaleg AM&slo] 7|&E35t9 o, &
532 5 ARE JEEEY £ 50 rpm, £3F25W, 3~58) &
AE AA P AHE T & APS =

Ql, HAZEEY 4 dASF
821 BAE 9ol AFT} AR F 230 A4 N WES A
otal FASHITH A2 ALFA WA 8mLe] NS A3 ol=
Ao g SeElon, HE 2447 AEE PIAENA AEet 4
A &, S5, IE 582 At A1 35 JHE FAES
AP Qrdistoich A E E9 W& AHE A% 3000 rpmollA] 15
E2F 94 £ = -804 ¥E Histylon, RE HE 1A
2 ISA ASE BRSO AR 7P7P Yokt

H o)A o] ZWE (adiponectin), ©FH ZEAl(adipsin), NK
Az, T Az, S4A 3 (triglycerides), LB = AdH-Z 2HE
(HDL-C), @3 (glucose)S &4 FHO&E HAol3lon, BE A
42 AiEojm 7] gFsto] MP= it ofrjzdld 9 ofr
A9 =r = A7|stshd HI=AH(electrochemiluminescence
immunoassay, ECLIA) ¥ g 5 4 7| E(Adiponectin kit
9 Adipsin kit., USA)E ol-&st] S5ttt S4A% T HDL-C
= 5F8 4 H(homogeneous enzymatic colorimetric assay)
£ Argot] HeF EASI oM, SR I A= UV assay TS 28
slo] A5 A3}st B4 7] (Hitachi 7600-110., Japan)® B3 =4

ol

Aol A AFHIAEL 1257 F 38

g 7<F‘(HHT+H) FTHE A EFlold & d A=MICT+H),

= 9EH) F 8 7R SAel Fodskich. HIT+H Adt
5513 F A Alskgle

1A% AHY Edloly

h=h
2
%

F=
o MICT+H QE}S 4 s TR T EE

g
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High-Intensity Interval Training + Heat Stress

90-95% 65-10%
Hrmax Hrmax
(4min) (3min)

F ] -

Omin 25min 45min 60min

Moderate-Intensity Interval Training + Heat Stress

Moderate-intensity continuous training
(60-70% HRmax)

Omin 40min 60min

Omin 20min 60min

Heat Stress

Fig. 2. Training protocol

o, 2 AHOIA @ AT H8 A7k 20R0= Agsett. H Ag
2 95 glo] 5YT A A3 2087 48T o5 TrEIe

(Fig. 2>° AAlstATt.

1. 27% IEd Edo]yd

£ AFoA 173 QIEE Efo]d2 Aol o2 E(MK-
2100H, Melkin., Korea)& &-&3to] =3 =lom, Egold A &
v &=og M u =4 AEHALS AL 14%E QEHE E
glold2 & 4709] bout2 2 FH=H R 21, Z} boutol A= 90-95%
HRmax ZEE 4% 5 AlE3S 33t 2 bout Ato]9]
3|E o M= §F 2 ES AE5to] 383t 65-70% HRmax 4%
2 A= AfolEFS skl

2. = FA4 Edoly

2 AN S AR E
&5to] AAfstion, Egoly
ek EH| 252 $3okel ‘:}. FALE FAA Edlo]
HRmax@] FE=Z 408 59 X&2 0

3.4 A=

2 AFolME d A= Aol Hol4] Ex(eH9%, 4onemillion.,
China)g &8sl 2 IS5 AASAT dAES 95 £
= gtAujet gt E 2HEet oA g2 AR HE =ol7t
A ApsiFon, 220 24 J|E|(WAT-730B, Ystage., Korea)
£ ol8&5t] 40TE FASIA. F A= H& WA APAolA
AAE T2 EFS Farste] A5 2 (Mclntyre et al., 2021;
Zurawlew et al., 2016), 20& & A=) A4 ¥g-& gt A
FE 7|Hto g A EckKojima et al., 2018; Naumann et al.,
2020; Roxburgh et al., 2023). o]9], & AFoA= & A= A7
20802 AAstct. HIT+H J&3 MICT+H &2 24 &5 &
B ¥ 5Us 2794 4 A=< J8H0ky, H Je-2 5 ¢lo] &
A3t 274 2087 E AR Al BE AES 1
H Alztoll AR AE WHEste] SUe 27004 @ A= Ak
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ovf, AT 7|7 B FHH LEH FEA ANBEL WIES oF
Ystsict.
A5A

B JFo| A= SPSS(Version 29.0) AZE0]E &8t Aa s
EA51%loH, 7t 54 FEY V& A = Bt (mean)T} EEH
ZHSD)E AAISFATE Ed RS 7H9] 45 28-S HESH] df o]
HHE S AR (two-way repeated measures ANOVA)E 43
sk, folgt zfol7} ERlE ¢ AR AH(Tukey's post-hoc
test)S AA|5to] Hek 7+ Zo]S BEASHYTH AT AR 59514
Ae A A EHHSY FaAE Bt £ A9 FAH &

9)4E ()2 0.052 A7t

AA T4 9] wslol digt A= (Table 2)oll AASIA AF2 =
7 AT Aek 2F A4S AE g3 YERTHE, ,=11.824, p=.001,
7’=.360). AFEA A3}t 27 Al 7F 2o|E AT EH HIT+H J
ok MICT+H FAgtol A AFA Bk Abgof f-9]s1A] 74t on
(p<.05), Fet 7+ 2fo]5 A EH Ao HIT+H fthe H A &
o} FoloHAl Al e TH(p<.05).

BMIE &4 AdT Ag 7 A58 a3t YebgohE, 4=
12.081, p=.001, #°=.365). AFEEA A} 24 A4 7} 2ol & Aty
i HIT+H A9} MICT+H Jdol A AP Bt Aol §-9J5HA
A4t om(pd.05), A 7+ Aol U] eEtTHp).05).

ANGEL S AT It 2F A28 G37F Y ThE, =
3.370, p=.044, ’=.138). AFFEA At Z4 A|A 2t Zpol& A
R HIT+H 93 MICT+H JetollA Abd B} Ao {25t
A 45190 (p<.05), ek 7t Aol & A B Aol HIIT+HS}
MICT+H Je-2 H ot Bt 59514 @A Yebgth(p<.05).

obtjE7}elo] wist

offz g o] H3lE 4% ik (Fig. 3ayoll Ak, &
4 AR A 2 ARSI UETHE, ,=4.231, p=.021,
7'=.168). A4 At S 3t Aolg AW EE HIT+H 3
@3 MICT+H AeolA AR Hoh Abgof §-9JstA S7Fshl e
(p<.05), S It Apol= UehFA] GRkThp).05).

oftjLAl9] Hsks 4% A= (Fig. 3byoll AlAlstleH, &
3 AAT A T AdEAE a3t UEA] F9ITHE, (,=.018,
p=.982, #’=.001). FHI} 4 23} SYAIY 1 Aol& AR
Al Aol A 2 AP B ARRo] fofsiAl s oH(p<.03),
At 7+ Aol= HEIUA] &4mHp).05).

e AE 249 Wet

NK cell®] H18}E 243 Aik= (Fig. 4ayoll AASHRoH, 34 Al
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Table 2. Changes in body composition (Mean+SD)
Variables Group Pre Post F P
' HIIT+H 87.94+5.89 83.40+5.59" Time 53.640 <.001%*
“Ei‘gg?t MICT+H 88.7645.62 84.4245.73% Group 1.100 342
H 88.77+5.65 88.58+6.53 TimexGroup 11.824 <.001%*
HIIT+H 28.89 +£2.84 27.41+2.77° Time 55.058 <.001*
(lzl/\ﬂz) MICT+H 28.75+1.80 27.35+1.89" Group 967 389
H 29.13+£2.08 29.07+2.31 TimexGroup 12.081 <.001%*
#,a .
Body fat HIIT+H 31.46+3.50 25.33+4.16 Time 31.338 <.001%*
percent MICT+H 31.46+3.46 27.46+£5.27" Group 3.690 .033*
(%) H 32.26+2.76 30.6043.73 TimexGroup 3.370 044%
HIIT+H: high-intensity interval training + heat stress, MICT+H: moderate-intensity continuous training + heat stress, H: heat stress,
BMI: body mass index. *: p<.05, “: significantly different from pre, *: significantly different from H.
da 20 Pre
a ® Pre I Post
N Post 18 .
8 *
16 *
7
5 14
g 3 |
g SRG
L. =
£ ° 10
- v
v
a
£ 3 6
<
2 4
1 2
0 0
HIT+H MICT+H HIT+H MICT+H H
b 800 b 100
20
700
80
600 7o T
]
£ 500 ~ 60
) 2
£ =
T 0o 3
2 - 40
5 300}
< 30
200
20
100 10
0 0
HIIT+H MICT+H HIT+H MICT+H

Fig. 3. Changes in adipokines

HIIT+H: high-intensity interval training + heat stress, MICT+H:
moderate-intensity continuous training + heat stress, H: heat stress,

p<.05, *: significantly different from pre.

kjss.sports.re.kr

Fig. 4. Changes in immune cell

HIIT+H: high-intensity interval training + heat stress, MICT+H:
moderate-intensity continuous training + heat stress, H: heat stress,

p<.05, *: significantly different from pre.
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Table 3. Changes in metabolic syndrome risk factors (Mean+SD)
Variables Group Pre Post F P
HIIT+H 100.86+5.39 95.40+6.79 Time 86.803 <.001*
Waist Clzst‘ilrilference MICT+H 101.66+5.02 96.33+4.86 Group 1.092 345
H 102.86+8.53 100.06+8.09  TimexGroup 3.179 052
HIT+H 129.13+7.13 127.13+5.87 Time 36.787 <.001*
SBP MICT+H 127.33+7.64  125.26+5.54 Group 661 522
(mmHg)
H 130.06+5.82  127.534535  TimexGroup 214 808
HIIT+H 78.93+3.95 79.46+3.87 Time 1.126 295
DBP MICT+H 78.46+3.75 78.26+3.10 Group 341 713
(mmHg)
H 79.9342.68 78.2642.21 TimexGroup 2.385 104
HIIT+H 89.18 +7.05 81.3244.05 Time 25.634 <.001*
Fasting glucose MICT+H 91.41£805  83.78+5.36 Group 1.177 318
(mg/dL)
H 89.44 £7.59 86.26+6.42 TimexGroup 1.535 227
HIIT+H 126.46+13.12  115.26+10.10 Time 14.161 <.001*
Triglycerides MICT+H 125.13£14.90  112.73+10.31 Group 266 768
(mg/dL)
H 123.1349.99  118.66+11.99  TimexGroup 986 381
HIIT+H 55.66+6.06 62.93+3.88 Time 66.641 <.001*
HDL-C MICT+H 54.60+6.24 63.46+5.44 Group 2.112 134
(mg/dL)
H 54.13+5.38 58.4643.88 TimexGroup 2.523 092

HIIT+H: high-intensity interval training + heat stress, MICT+H: moderate-intensity continuous training + heat stress, H: heat stress,

SBP: systolic blood pressure, DBP: diastolic blood pressure, HDL-C: high-density lipoprotein cholesterol. *: p<.05.

A3t At 7F AeAg gyt YehdA] Qth(E, ,=.301, p=.742,
n’=.014). a3 B4 A3t 27 A 7 Zolg Ao EH Al
Al BE AP Bk Ao RolehA F71el o H (p<.05), HE 7+
8013t Hol = LehEA] USLTHp).05).

T cell9] ¥sks 2435 A7H= (Fig. 4byoll AAsHIoH, &3 A
A A 7 452G A7 YR EUTHEF, 1,=.725, p=.490,
7’=.033). FaI} 24 23 24 AlF 7 2ol & AT EE Al et
Al BE AP Bk Aol §olobA] F71el o (p<.05), HE 7+
FOJeE Zpol= VEHA] A9k tH(p).05).

PASET 1FRclo st

AR 9 acle] Hsto] tist Aik= (Table 3)°l A|AISHA
o}, s Ede &4 AT A 2 A2 a3t vehda) ook
AWHF, 5=3.179, p=.052, °=.131), A& BE FHI7} epst
th(F=86.803, p<.001, #’=.674). AZEA A3t Al Adolq 2%
A Bk ALl sl EE 7t -9 5HA] TFASHA AT (p.05), et
7k9] -2t &pol= YERHA] ok9tth(p).05).
$27] A4 =4 AFT A 7 AoFg aivt e ¢
RAITHE, ,,=.214, p=.808, #°=.010), Ao W& FaI7} by
tHE, ,=36.787, p<.001, 1’=.467). T84 Az} A AtolA =
T AP Eoh Aol 227] deto] R-oJ5kAl TrastiAITH(p<.05),
Ak 7k9] |-9Jgt Koli= YA 9kTHp).05).
ojg] gL &4 AT At 7+ Aeg gt eRtA] &
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UTHF,, ,=2.385, p=.104, #°=.102). AFF-E-4 A3}, &4 Ald3 3
o 719] 9]t &pol 7k LrEhHA] E9tTh(p).05).

TE @32 A Ad I 2k A }Mﬂ rEREA] kot
RuHF, ,=1.246, p=.297, 1’=.052), A& FaIF ERE
THE, ,=25.634, p<{.001, °=.379). AFF-E-A 754, HIIT+H Aeak
MICT+H He2 AP Bt} Algof] §-9J61A] ZAstH A THp<.05),
ek 7ke] f-2J8t 2fol= YrEhA] ekotth(p).05).

AR &4 A Ik 2F ASAg g3t vetgA] ook

AWK, ,=.986, p=.381, #°=.045), AlZ] W& FaI7} epgch
(F, ,=14.161, p<.001, #°=.252). AF=EA Av} HIT+H He
MICT+H 2 AP Ko} ARSo] §-9J51HA] #h4at3] 2= (p<.05),
ek 74 -5t Afol= vrehA] ekotth(p).05).

HDL-CE &7 A3 Ad 2t 4528 a3t yehtx] oA
WHF, ,=2.523, p=.092, #’=.107), AlFo] ©Z Faa7} Yestth
(F,, ,=66.641, p{.001, ’=.379). AHFEA A3t Al JdojlA] 2%
A Bt Aol f-olatA 71t AAITH(p.05), A 2He] f-ojet
AkolE= Wb A] ekotth(p).05).

> Ol
= 0
M oSt A7) 9I%F Tk ATt AegEla g,
25 ol9olE & ATo] 5 F Aeld AEdA NS 2R §
Wstol &5 wakE SAAY 4 ek 7Hs Aol AZHL et 1

“)‘ -{oll
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'5“5}01 AASFR S Eﬂ 33'4% O}JJ} Sttt wEbA, 2 Ate
1735 QIEYE Efold & 4 A=o] HIvt ARlo] WY 75T thAt
S92 Ao mA = IdFE AESIIH
HIRE AR 22 9] FHEegh S 0 & Qlgf oft] 271l F =] B+t
S fUSH, ol oUix] thA}, A& WA T TR BiAkg
kS v th(Blither, 2019; Kawai et al. 2021). o}t] x4gl2
EH Aol At Abskg £XI6k= oftZ7IRICE, H IofA] o]
2 IG%E AEE Egoldit 4 A=T FAE fita Edo]
A= JAdolA fostA S71ekaitt. 2= IEE Edo]
2% Ao E oy A anlE 3A F7H7| L2 A
FE5t] AMPKSF PGC-1a5 E4A17 nEEE o} A)
19 AFSHE £ 743cHFiorenza et al., 2018; Jahangiri et
al., 2025). Yamauchi et al.(2014)9] Aol A= A A" 47} of
ojxuE .T.Q_zﬂ_,] NS S7HA13H 2 M, Rocha—Rodrigues et
al.2018)= AAHES] 7 oidzud 37kt B4 LAt
Acka EJ—O}?&‘:P. 2 AolA 125 599 Efojdog 1
Qe Efojdit 4 A= Jd FAE fAA EFolddt 4 A
= AdolA A%, BMI, AAHEC] F-oHA Aastiion, ojef &
2 A7} o] 2del F7tol| Pk v]Hl o2 deEh

?}’5 o LAl A} ZA oA HH|== dldR BHA| C3 &

S ol HletAZo Y ded FHIE AT 2N A 4}

"3 Ao Tosh= o] EFIRIeItHLo et al., 2014). Ahmadzadeh
et al. 2021)9] AollAl 85719 AT 44 EFolyd & ofr]
Al 1=57} [J5HA ZAaTh 7,&2?; HIsiglon, 2 AtoAE of

DAL Al oA 5% fo5tA Fastgct. £9], d AFvE
AAIRE oA ofr] 4] —4 ML =TTt ZAato|t}, ofx &
A=o] oft] mAlof m|X|= AP AHQl 7] - Hes] FEEA
9k, BEEAQ1 F A=o] Hgt AloA 2 tiAke} Qe
< 7WAdstar, AAL ARSE 9 R hAF T ] % A5k
B} Pallubinsky et al.(2020)2 10 54 4
TEEGI} LE ol&To] 7HAast x]HH 3}7} 7o 2
stlom, Ely et al.(2019)2 € A= F X WA doA
219] Qlgd As o] A=A Hsteint. ol2gt AyA
S 1S uf, 2 Atolx] IEH oft] Al A d A=o] Hvt
391-4 AL /3 g1} oft] a271Ql 2o S AR FTFE vIFEZ 7t
= AR B3 @51 G A= Y 82 AAE E oF
a7l 4t i) et axAQl Aol H 4= I Ao w
ot

125 &<t Edlo]ds AAIR 23, NK celli} T cell®] Hl&2 Al
Aol A 2% Fo5HA] S716k0th NK A= AHHGA 9] F2
M Ez2A A N2y SF A2E AP0 & AAsHs ddS 9
H, T AlZe SHAQA A T Eold "HW-gZ 245ty &
A RSl F8F 75T

al., 2020; Vivier et al., 2011). Hanson et al. (2020)2] S04
FAE FAE 5 Fo NK A|Z22}F NK Al oty 50| 57}5]'01
o3l B 11519 00, Niemiro et al. (2022)E 4% AL e
o CD3+ ¥ CD4+ T A|2£9] F7+& &gk vt St

2, AT 52 AEY A S EER FEEEH 54 Alo]
E7IQl EHlE £XI5t0], &% AT F 3-72417F B¢t WY A A7}
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AA|H o Z Xi‘é}ﬂh ‘J-shape relationship o= ¥} &=} Q1
of, A|g fFo] I H|TRINA 2358 WY 7|50 Astd 4= Stk
(Kakanis et al., 2010; Shephard et al., 1999). oJo] & 15LofA]
= 14T dEd EFo|dy} G A=SS B HAlste] WY 7|5 A
ohg HaslolaAt sioith. E A= AS A5Z FEot] g
ABA &Y, 22T Y, @R/ 571 59 YA vkeS /st
9, o= NK A2t T Al29] T2do 1ff A2, "Mz 4
BYE A= Aoz dHA Ath(Hussain & Cohen, 2018;
James et al., 2023; Mero et al., 2015). & AFoA & A=qk A
ARk HetollAl NK A2t T A7t 7iAE] o, o= & A=0]
G507 HANZ 40 7o 4= UASS AR = QlE
Efo|d} & A=9] MY HAl= Hvele WY 7|52 A
21870l tjoto g 1EE 2 9},
o] Edlo|d A1}, ARG 1 81 &Rlst] fls]
<, 35 @9, 3449, HDL-CE &4ttt 1 4
, AT QIEE Efojdit d A= Jd S f4kA Ed
I G A= JdolA slEEd, 35289, S8l F5HA
ow, HDL-C7} %95t S7tstalet. sl Eele WA
Hhdols EAQ] ARE, 2 AFolA AAFFL] 7jA
Hrekom, o= ofr] 7|19 £H] 2Ho|: JFZ Xith
OPE]EE]‘?‘_% AMPK A2 & &/t T4 7oA 229 S5
E SAA71, FARREE I= ﬂﬂoi”ﬂ =y ié-joﬂ JofshH,
ot A HY HEtA| 29 Qg™ TEH|E AAStL led 4%
AL NAsks 9T shh(Liu et al., 2023; Lo et al., 2014) =
Aol M &5 d A= HAT FolA ofrazzilo] 7R
o, ol FE Y faol 38HQ Y vXl A0RE HojXir)
&3 ol Y E2 7oA otAE-CoA 7HEEARZOHA(ACOE 9
Aok AAE p-415He ST RN FH4AY A& HaA7|
HDL-C 42 Z7MZ1th(Begum et al., 2023; Blazejewska et
al., 2025; Ruan & Dong, 2016). o+&#, NK M2} T A 29| 24
57t A 22 Y AN 2] AN 2 dsto] A AL 7iA
o= FFE t|A]E= Aoz IHAJHDe Barra et al., 2023; Man
et al., 2022). ¥ AoA SHAHY T4k HDL-CY S7H= of
2711 24 7143 WA E 23kt ATtE o] & 7Hs S Kol
Zoh. o2t A= 51 E A== W do] of 7Rl WY A
A 24E B9l A A A RES JHASH, AT A 8clS
Azt £ ol BAARI FA Mol 4= S AR
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2 a7 A7 U, 1257 £5% 4 432 AS L
Qe B0l Aska FAE §4kk Edold g BEo|A 414]
T4, oftlEAAQ, MR T4 % AESE el Als
9ick. oleie Auke 5 & Aol gage] Mgk 4ol P At
9wl el A AjAS 9ist ARl 57 Ao 289 4 9
oh E% @ AT 95 AAUORE ofrlndl, WolqE 74 2% I
5 AESE SEAlelA] FHH vslt BTl 4 A3o]
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