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Ik AEAELE, (atherosclerosis, AS) A& 0 L &
S fi W 2 —, R ELRFAE A3 Ak P IR NE ot
S VIR AT JE2H 230G A2, T G A BB, 5o i e
AT 5] 22 o0 06 IS B4 o v R TORE & 32 2 A
DRI, MLVRAE A i WA % FE IR 22 1 (low density li-
poprotein, LDL) 7K-F-Ft s film % FENEEE H (high
density lipoprotein, HDL) 7K “F-f#ik . LDL A& Ifi. 3¢ iH
[# % (total cholesterol, TC) ) = E# 4K, 1E AS IR
PRI FE AR R A% OAE H s HDL 0o L 7 B A fR3P1E
A, il is B gE B ) TC 22 AEACHS, BeA 2%
I8/ 1 B R IR S AR ™

NEWT A ZUE R AU EZ 85, SHRta SR
HEBELW, H55 AS JoU L& 5% (cardiovascu-
lar disease, CVD) Ik e, RIEIEASIIEE, I i
HA ] A4 (white adipose tissue,
WAT) FIAZE €L 7 2H 23 (brown adipose tissue, BAT) .
WAT EEZ A TIEAFRER, 1T BAT 2 AR T
Wi, RO B I AREEPE . BAT 3Rk )
iR 1B E T A 1 (uncoupling proteinl, UCP1) /& H: K 1%
DIREHIZ 0, A R LRI PR AR ARG . ARIE AT S
SERIFFAE, BAT w43 AR BAT (constitutive
brown adipose tissue, cBAT) F1# %57 BAT (recruit-
able brown adipose tissue, tBAT) . cBAT G K E
g, rBAT MREARFRER3-T IR EAEZ 14
(B3-adrenergic receptor, B3-AR) #E FIHIBL T, HH A
6 J15 17 240 B A B A T 77 40 A T S ) A £ B
KR A0 AR s e A, I TR FRARAEE — R AR
1% J& B i 5 4120 (perivascular adipose tissue,
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PVAT) (ARG, #55 PVAT HAG 80U g 17 11
TIRE. BAT.“KEtAb” ) WAT CBIK (i i 41 23 Fi
PVAT H ELAG % G 07 v Y 38 40 ek ol = F g i
e CEBRRNA RN o [FII, 87 4L2368 70wk g
Wi H T, 25 G2 15 F0 980 S B SR AR . A
EERGHE R DT AS IR ML), FEERIT 3L
VENIRYT SRS I A] REPE

1 RIS AS BO{ERIHLEI

1.1 AR IRy d s U85 e ACU R T AS IPEH
AS BB LRGP A %2 B = 7K (1 LDL A
BAR/KF () HDL. WAT IjfgJimist, #E¥$ LDL
T FE IR T ML B, 4 W 4 45 U e o
TR, IRBh - HABE I A BAT 7= #4432 22 DA 4H
W= H il (triglyceride, TG) A74ERIFRIER (fatty
acid, FA) . W3 S FA Dy g BRI . BIF 9T K
I, AR AN AR IR DT )5, BR Ul T 2 2 e B4k
BHCRHE S TG MIIEE A  (triglyceride-rich lipo-
proteins, TRLs) ) FA, F4lif| FA 7E WAT H {17,
£ TG TC.LDL /K~F [ B# KA1 HDL K~ I
FH 55 2R AR AL, N SRR €l 17 vl e 58
A2 TR BUB3-AR AN ANE, HYIN4x 5 Re &V FEA
FA A" 25 b, A 6T 107 18 34 0 e =2 Vi #E
FEA MG 7K, B RN AS [T T A

1.2 $RERIT RIEDTRAE FIRBT AS R A K e
ML FREAE AS HRRAZ O E FH™, o s R8I
Ji AR R 2 A0 IR |~ LA (smooth muscle
cell, SMC) 458 5 1T % K S8 A SIS 2 AL ™
IR AS AR R 3%, s 40 B iR 2 3 5
PR B AH DA 25 L AR Ul 7 D e s i) 32 22 5
RN T SR AR 51 A IR 5 2 PR ARG IR &5 2R AUk 1 0
ELIRACHT, BN CVD X, BT,
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WAT LA TG ()TE it A7 e &, 18 g 107 7 il HoAth
S EALRE LIRS T AU ALK 2R iR T RS2 40
DAL S5 PO 7 i 5T T Ty e B 1, A AL TR AR
FERAERES, BN AS BIEEER . [FINS, JE 421
TR 22 P 28 DR 7, BRI I3 2 RE , ANk B e
o BREUIRIT A SREAS SR IEAC T WAT, i& ik
(1) BAT HAXHHUAE AT R4 1t 28 hE RS AL 2k
BE AR DR, 8 2 BN VR T B HT R s

1.3 FPEREBAL RN HSHPTAS ER I )&
FELER) PVAT, 0 IfiL 8 BA GRIPRIR 1R H < WAL 5
(1) PVAT MY BEW 4EFE N 2 D RE I Se 36k . &
5 &g R E B, e v R e PUS bRee 0. SR,
FEARI ZE AL 12 1 AAE S B 261 T, PVAT B 2
VEFAT Be AN FAE R, 1l 8 SR AL e d L i i
BB NLHERE AS kA . K, 4ERF
PVAT W IEH DhRe R R E . OAME D72 (epi-
cardial adipose tissue, EAT) J2& 5 —FlREIR AL A AE
AR, & Sir RN . (@RRIRAS T, EAT i
S0 00712 =13 NS e 2 WY i == A Y5
BAR AL, 12 28 B 7 40 B DR 5~ 38, 2 28 TR 3%
TR NREF AN S ILEHL S5 AS ™. EAT &
I 7 M ARE IR B A G DT R A A, IR R
RIEFCH AL, & AS KR IIPIGHIREIA AT 2 —1,
23 LPTA, PVAT \EAT SRRk E A IR DT 227, 72 B
AT ORI (g R, 7008 B R BT S R
Wi LA D RERRAG 2 INTE AS It .

1.4 JEWIAFHPTASITER  NENIHZ%R 72568
HEAC AL, ERE W AETE T, SRR e DT DR
To BRI FGF21 5t o IEA 25, ShAHE 7T
SR, FCAT A /NGB AR, SR A DT B TR i
Z Pt (insulin resistance, IR) & TG Z54x, b ] (&
HEWAT “fE el i FA S ACFE LR i #0, A
T B AR PN I 7 2 2 X e 25 i/ A T 77 2
PN ATAE HAR R AR 22 R 15 2 4 (neuregu-
lind, Nrg4) , REA 1] ML 2 AE SR FF gk P B2 4 4
P JEI R TR ER I 2 LR RIEER, B
FEPNHI P BZ 2 0E « 15 SMC BG4 | BE 1 0 40 i 1)
TR AL iz, Bel A F-iEat 2 B AL
W FEER, 2 51077 AS MR KE.
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BR R T OS24 SRR, G I iE 5+
HATIR™ R SOR A AR IR 70 R AH S
2.1 ARERHEEERENED EREARTREIE A E
JIE 7 B A B A S TR AE BVR T SREBE o KR iB T 32 22
AT IEANZE 22 Gt (sympathetic nervous system, SNS)
WaFE, R B B R AR B €V I SNS
B S B IR 2% (norepinephrine, NE) , NE 5 g i
AHMURE - IB3-AR &5 &, USRI E (cAMP) K
HE B S A (protein kinase A, PKA) {5 5 i@,
Tt 2R AR A Wk A2 A UCPL HERIA IR, WF 5T
B, 524 CEIRAALL, 16 ~ 19 CRIGUIEA 5
WER AR RE R TH AR BRI VG - ¥ 5 55 A2
WO AE SR IR IDT A 075, AR N AR E 1
Z PR (DB ZE 0 1E I 2 FRARAR (IR I 7 34
IR e s (20 FE¥4 51 R I WAL 4 2 2o I 47
T~ PR O JIUEESECY, i v 2 R 10 5 175 R AICAA IR
AU 2R PR S5 1) |, JCH A& IR & AR (3D
AN FE RN ZE 5 K, REMRIE YT R DR, )
JE A R B i 7 SN iR S L I A
HMeRR, A Ak — ARk
22 BHUEREOEN B 5% REHE BAT
HIRLHI AL, 22yt SNS s HyE M. KAz
RS C IR DT AT R AR 555, iR Ul T 1
TEPEAE 2R, s Bt A Lo A Y e A 1
B 005 5% /Ky (peroxisome proliferator-activated re-
ceptor gamma, PPARY) & PPARyI: % K] F-1a (per-
oxisome proliferator-activated receptor gamma coac-
tivator-1 alpha, PGC-1a) 3R, RIS R Z 1170
WA R R i 70 2R A 2 1 U (mitogen-
activated protein kinase, MAPK) FI4H i /M5 = 1 5
T (extracellular signal-regulated kinase, ERK) {5 5
R, /3 WAT AR tAl” . s sl Bus ki tu lg i
IR T GGG : B 28, B Sk = F—hnifE. H
IR, 1 9 RS BN U AL AR e 7, TH s e A
WoKF-. 123117 BAT F1 WAT BI“BRtafb” 767N iR
HAEAE, (HA AT ANRTEE BEALR BRGS0 & AR
R BAT AR BEPER AR, PRI, 38 )05 A%
iR IT B BT 77, AR FHBLE] S 57 808 A A
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2.3 B3-AR BEEIAIBIEER AR ITAE, B3-AR B
SFIAE B Ry RUE 3 (I B3-AR B zh 7
CL316243 B K47 V1% (Mirabegron) , A % ™ #fig
i L4, 5 FL S TRLs A1 FA (R385 M 35 B ek >
TEIR TG I R 7T 27n ", 14 44 fd B Lot H R
F 100 mg K7 ULEE 4 JH J5, £rDE] 1) BAT Jii 55
%, HDL. I8 AL SRR ER KT, ELpE RS
ARG st , IX B oK DB v] REad i 3% i BAT Jifi &
BRI FESCE PR E . AR ER, K
D3 T R Iok 7 AR AR 1 A o o A ATL ) o s Bt e
TER, B0 CVD RS, BLAR 351 2 R K A DL
H AE0E NG 7 23 A 20 Y, (HFG )
T TS EI R AT REBR i 2 42 A CVD B R A,
HORNIR FZ YN 2 AR EIE T .
2.4 BOEER ORI RIRIEEYI R RIRIE YR
I Z LIRS ER AR, EHCPUAE S B AR
W5 TH BT 7. PR OO IR ST I8 B e
NEWTHEE, /S AT AE e . Ak, AL I
KW e RS R INMEA VIS IE S R
JUg I3 ¥ AL BT 5 K T 07 T 8 ) 0 B A
FARTE MDD Re b R AR iR i ThAg, EIHE
P R R AT B2 PR . (1) 23 T HLBFIAR I 25 40 oK
56 2z ] B G 0 2 VR TR S SIS A B AR A
() R DNPIRIRZAE il 2 T2, FHAFIH R
™. PAZ2iE 5 ), H B A AU a4, H R = A
A BE N 2R AR P B Iz SR (A2 £
) T ATE R WS RAR, AT BERZ A RS 1 . H ATAH G
I AR B /L, JC R = KRSt LT e, o7 8ok
PAFE 3 BeniE . ST S, 4 AT 7T O BE e S, Rk
TR L5 ORI, G SRR A AR
W IR IT SR BEE T .

3 BESWE

AS 5 R ZAThRE S H B A Z AL & DA
Ko H AR G U I SRS AT ST SR 45
FELERE 2 BURE R SRS IR 7 Hhig )
o WIE R R U T HE N e EH AE gl FE  HEAR
A7 BT Ao B B A e B R MU TR R AR
AR, HE— D BRI XU
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SR, BREENTBOEIEYT AS W FATIAF AL R
BRPEFATEVE: (D FRtaEtERtS CVD Z
IR R RA R HUE. (2) R L Fhs I 17
IR AR CAESEA R, (HERZ KRR A I PR 56 AT
HIBE VT , R R AR 22 S 10 A 2 RV RN AR T T AU
IR LR V-, USSR S 5 e 2 etk
TR (3) A IRECR HIBR s G RE 75 i
2 AR RN i AN B IR . (D AR BRI E CVD
R A R SUEE , FFSEAK) SNS Bl A (e it I )
(RIS, TR AT 51 A AS R LS RN o

AR AR O ENTE AS BE R B IR 2 AR i
AN SR A B MR Y o /) BR S 56 E S AT B )
AS, (BN R 0 i B B LR B L A7 AE R R
BAT i 5 WAT“H AL BENS D035 bR B 3 BIURE
2 1 A A AN B e RE AR, T AR
B 71 5 BT THRR I B AR AL
NITHIT R : (DIRANRTER R NTE AS (i B4R
PEFIFL, B AE B AR T, DL S R B
JAE SN EESRE AR LA . (2) TRt ig iy
AP EERFVE R AT EAR, T RO MR S . A 23 i
FVE R EEE AR EAR, B AR IS I R K
Ko Q) MR ANE W KT ZACEIRFAE, #15E % )&
LT g, S AT ST IS (B0 2R A

i P b £ R
FIZESE  FTA {7 U TR R o
2 F X M

[1] AHMED I U, MYERSCOUGH M R. HDL and plaque regression
in a multiphase model of early atherosclerosis[J]. Math Biosci,
2024, 373: 109208.

[2] SCHEJA L, HEEREN J. Novel adipose tissue targets to prevent
and treat atherosclerosis[J]. Handb Exp Pharmacol, 2022, 270:
289-310.

(3] KEEEIEE MG, AR RS K= PG K 21
Whtik fR D). S E 727 4,2025,37(2):701-708.

[4] ROTH C L, MOLICA F, KWAK B R. Browning of white adipose
tissue as a therapeutic tool in the fight against atherosclerosis[J].
Metabolites, 2021, 11(5): 319.

[5] BOREN J, CHAPMAN M J, KRAUSS R M, et al. Low-density
lipoproteins cause atherosclerotic cardiovascular disease: Patho-
physiological, genetic, and therapeutic insights: A consensus
statement from the European Atherosclerosis Society Consensus
Panel[J]. Eur Heart J, 2020, 41(24): 2313-2330.

[6] YING Z X, TRAMPER N, ZHOU E C, et al. Role of thermogenic



- 1092 -

adipose tissue in lipid metabolism and atherosclerotic cardiovascular
disease: Lessons from studies in mice and humans[J]. Cardiovasc
Res, 2023, 119(4): 905-918.

[7] SAITO M, MATSUSHITA M, YONESHIRO T, et al. Brown adipose
tissue, diet-induced thermogenesis, and thermogenic food ingredients:
From mice to men[J]. Front Endocrinol, 2020, 11: 222.

(81 [ 82 A5 S im seb IR S0 Mk i B iy 2EL A7 e IR 30 ok s e A A A o
HEES A AR F T3 R (D). BBk 8 26 7 R °#,2025,39(8):737-741.

[9] CHEN HJ, MENG T, GAO P J, et al. The role of brown adipose
tissue dysfunction in the development of cardiovascular disease[J].
Front Endocrinol, 2021, 12: 652246.

[10] OMRAN F, CHRISTIAN M. Inflammatory signaling and brown fat
activity[J]. Front Endocrinol, 2020, 11: 156.

[11] CAROBBIO S, PELLEGRINELLI V, VIDAL-PUIG A. Adipose
tissue dysfunction determines lipotoxicity and triggers the metabolic
syndrome: Current challenges and clinical perspectives[J]. Adv
Exp Med Biol, 2024, 1460: 231-272.

[12] A== 32N 5, B4 38 Bond b € g 1 h e s il B A F MLk L.
R RI,2018,38(11):92-97.

[13] ADACHI Y, UEDA K, TAKIMOTO E. Perivascular adipose tissue
in vascular pathologies-a novel therapeutic target for atherosclerotic
disease?[J]. Front Cardiovasc Med, 2023, 10: 1151717.

[14] TANAKA K, FUKUDA D, SATA M. Roles of epicardial adipose
tissue in the pathogenesis of coronary atherosclerosis - an update on
recent findings[J]. Circ J, 2020, 85(1): 2-8.

[15] CONCEICAO G, MARTINS D, M MIRANDA 1, et al. Unraveling
the role of epicardial adipose tissue in coronary artery disease:
Partners in crime?[J]. Int J Mol Sci, 2020, 21(22): 8866.

[16] LUO T Y, HE Z W, LI Q W, et al. Adipokines in atherosclerosis:
Unraveling complex roles[J]. Front Cardiovasc Med, 2023, 10:
1235953.

[17] LIU C, SCHONKE M, ZHOU E C, et al. Pharmacological treatment
with FGF21 strongly improves plasma cholesterol metabolism to
reduce atherosclerosis[J]. Cardiovasc Res, 2022, 118(2): 489-502.

[18] SHILF,LIY X, XU X L, et al. Brown adipose tissue-derived Nrg4
alleviates endothelial inflammation and atherosclerosis in male
mice[J]. Nat Metab, 2022, 4(11): 1573-1590.

[19] MALISZEWSKA K, KRETOWSKI A. Brown adipose tissue and
its role in insulin and glucose homeostasis[J]. Int J Mol Sci, 2021,
22(4): 1530.

[20] TANAKA R, FUSE S, KUROIWA M, et al. Vigorous-intensity
physical activities are associated with high brown adipose tissue
density in humans[J]. Int J Environ Res Public Health, 2020, 17(8):
2796.

[21] SCHEEL A K, ESPELAGE L, CHADT A. Many ways to Rome:

Exercise, cold exposure and diet-do they all affect BAT activation

Modern Practical Medicine, October 2025, Vol.37, No. 10

and WAT browning in the same manner?[J]. Int J Mol Sci, 2022, 23
(9): 4759.

[22] HUO CY, SONG Z K, YIN J L, et al. Effect of acute cold exposure
on energy metabolism and activity of brown adipose tissue in humans:
A systematic review and meta-analysis[J]. Front Physiol, 2022, 13:
917084.

[23] NEGROIU C E, TUDORASCU I, BEZNA C M, et al. Beyond the
cold: Activating brown adipose tissue as an approach to combat
obesity[J]. J Clin Med, 2024, 13(7): 1973.

[24] DONG HJ, QIN M, WANG P, et al. Regulatory effects and mechanisms
of exercise on activation of brown adipose tissue (BAT) and browning
of white adipose tissue (WAT)[J]. Adipocyte, 2023, 12(1): 2266147.

[25] MARTINEZ-TELLEZ B, SANCHEZ-DELGADO G, ACOSTA F
M, et al. No evidence of brown adipose tissue activation after 24
weeks of supervised exercise training in young sedentary adults in
the ACTIBATE randomized controlled trial[J]. Nat Commun,
2022, 13(1): 5259.

[26] CYPESS A M. Does activating brown fat contribute to important
metabolic benefits in humans? Yes![J]. J Clin Invest, 2023, 133
(23): €175282.

[27] SUI W H, LI H S, YANG Y L, et al. Bladder drug mirabegron
exacerbates atherosclerosis through activation of brown fat-mediated
lipolysis[J]. Proc Natl Acad Sci USA, 2019, 116(22): 10937-10942.

[28] DABROWSKA A M, DUDKA J. Mirabegron, a selective B3-
adrenergic receptor agonist, as a potential anti-obesity drug[J]. J
Clin Med, 2023, 12(21): 6897.

[29] CHOI'Y, YU L Q. Natural bioactive compounds as potential browning
agents in white adipose tissue[J]. Pharm Res, 2021, 38(4): 549-567.

[30] SHIN J, LEE Y, JU S H, et al. Unveiling the potential of natural
compounds: A comprehensive review on adipose thermogenesis
modulation[J]. Int J Mol Sci, 2024, 25(9): 4915.

[31] ZHAOD D, PAN Y Y, YU N, et al. Curcumin improves adipocytes
browning and mitochondrial function in 3T3-L1 cells and obese
rodent model[J]. R Soc Open Sci, 2021, 8(3): 200974.

[32] AMADO IR, ROMANI-PEREZ M, FUCINOS P, et al. Editorial:
Novel and emerging therapies for the treatment of obesity and
related disorders[J]. Front Endocrinol, 2024, 15: 1371113.

[33] TABEI S, CHAMORRO R, MEYHOFER S M, et al. Metabolic
effects of brown adipose tissue activity due to cold exposure in
humans: A systematic review and meta-analysis of RCTs and non-
RCTs[J]. Biomedicines, 2024, 12(3): 537.

[34] REAN, 40 565, 5K Ak A CUIR DT AL A0 5 11 (B IR TR AL AE W PR K
A ETFEACHT I ORI TE Rt R (V] B I 7,2025,56(9):896-903.

Wi F #:2025-03-20
(KR 4iE: T RE



