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Abstract

Branched-chain amino acid (BCAA) is essential amino acids that serve not only as fundamental
building blocks for protein synthesis but also as important signaling molecules involved in various
physiological and pathological processes. In recent years, accumulating evidence has demonstrated
that dysregulation of BCAA metabolism is closely associated with the development and progression
of cardiovascular diseases. Deficiencies or dysfunctions of key enzymes in the BCAA metabolic path-
way can lead to abnormal accumulation of BCAA and their metabolites, thereby promoting cardio-
vascular pathology through multiple mechanisms, including activation of the mammalian target of
rapamycin (mTOR) signaling pathway, disruption of energy metabolism, and exacerbation of oxi-
dative stress. These metabolic disturbances have been implicated in the progression of hyperten-
sion, coronary artery disease, heart failure, arrhythmias, and other cardiovascular disorders. This
review summarizes the current advances in understanding the roles of BCAA and their metabolic
products in cardiovascular diseases, with a particular focus on the underlying molecular mecha-
nisms.

Keywords

Branched-Chain Amino Acids, Cardiovascular Diseases, Metabolism

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 5l

CHE S LR (Branched-chain amino acid, BCAA) BRI ER . AR T oo m R, HTHmEE s
BEAERNS 4, B R AEBAAEY) 2 INRE[1]-[3]. 0 I %% (Cardiovascular disease, CVD)&: 4Bk i
R L AET R = 1%, R £ = H4Ed, 4Bk CVD BRI —5[4]. i EILHER KR
AR CHE T — /IO MR A NG H R, ORISR ERe 5 A e e
IEERORLTS g% WO RE AT & iR AR EE 5], B ATBOREZ B Fi R ] BCAA R &L
Z M CVD #K[6], HAERBCNHHEEIZWORTIE b5 S

2. BCAA #ik
2.1. BCAA HIRiE 5TheE

BCAA {ENLTRALMR, WAEMRE . EYWMEFETICREGW, BENDTH AR, Rt ie
KH[1]. BCAA TEASEFMh &8 FE, 245 R HUEC R A B 20%~25%, 250
7 R 35% [7]-

TERNEL TR SRR & B FEEN—F, BCAA MU GRS B AYIIRY), 3@ i 750
Y76 8% 2 2K 1 (mammalian target of rapamycin, mTOR)(& 5 i@, 1E A5 57 TR &M I fi e
R 2 A, VR M e R S S BB [8]-[11] . AE B WFEKNE W, WEREREKE 7 KR 5
(SLCTAB)/SLC3A2 ¥ T BRI 7 B 51 BIVE i 348 5 1% 3 it 2 (Solute Carrier Family 7 Member 5/Solute

il
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K

S gR 4
LR

Carrier Family 3 Member 2, SLC7A5/SLC3A2) 7 — RARAE N EE K4 BCAA ¥izthH, HEEHIEMH
BN N BCAA KRB, A% mTORCL 47 5 A [12] - Sestrin2 1 57 20 R H) S BB N 4%
L5 GATOR2 & MI4EA, ik GATOR2 4f GATORL KIHMkIfE, HEMfEsE mTORCL & TiF
PRI R 05 [13] [14]. FE MR Z TR, IS mTORCL MM AZE A S6 il (Ribosomal
Protein S6 Kinase, S6K) I EIZ L 4h K T 4E 454 % A (Eukaryotic Translation Initiation Factor 4E-Binding Pro-
tein, 4E-BP), fE#FEE AN, EONh ] SEUREE M OALIEE[15]. mTORCL BEER 1k -3 B Wit in
S AW ULKL, HE4IMERRZ A ss 5B A Ee /), 75O M 4n i s B3 [16] -

2.2. BCAA IS R 5 s

BCAA TENARN FEEAENNE. OE. EBVIR M E, FF2 2 FilgilTT, HroR 2 Hod ALk 4
AT, H, AR FEA R WRIRE T BCAA HZ i (Branched-chain aminotransferase, BCAT) 4L,
AT b A BSORE S 1 S2 8% o AR (Branched-chain o-ketoacid, BCKA). K, 1 ff BCAA 7K FAAk pEBE % H
fih 2 # BCAA KAk, BAMFERITT FEMIEEE, St 7 BCAA FLEIA A BRI [17]. RJE=
i BCKA @ iL 2o bk S7 55 o-FRER it S (Branched-chain a-keto acid dehydrogenase, BCKD)E &3t 17 4
AR, B CO2, FKE A A B ILMM A IN BN AL ) BCKA P24 [18]. %, SABREMK
CRAHEE A SR TRE N BB A, S BRI RN AR R O AR A S5 TABEREE A HEN ZRIRIEH .

1ER=F BCAA 7R 1) 558N, BCKD EAWIAL T itk AR A, LT A BCAA 7Rt (2L
KRB 4T [19]. BCKD E A5 BB R A (35 2B AL (B0E) LA & Ppmik g I 4o R fA B (1 1
& 1#F 2C (mitochondrial protein phosphatase 2C, PP2Cm) 25 i iR A4, (0% ) B R =15 ) ™ A% 5[ 20] . IX—@ & 1%

BCKD ff el YE&E LM G [21], M, HEABRE 1K 25X MR LAEsE BCKD 54, 2
PR BCAA [RARHH[22].

Rk, BCAA RIS 2 M IEAR L RE . 2 HBURE BRI KO ML 50005 1) 2B R e 5%
FHE .,

3. BCAA 5L MEKR
3.1. BCAA 55 &R

7o UL s A S B0 VR AN AR T (K B R K . AR 2 WU AT Fe #5875 T BCAA
ik B VIR . —BUATETEA ST FT[23]R W], =i BCAA RN E, JUHEMEAR,
55 R L A KU S IR AR G e 53— T3 TARMH A 22 W FE [24] AL, 3R h BCAA R L R i ML &
IR ISR KSR S, HIIBE AL TG R . AU 2 THLH A g s, EHIE
WHFEIRIR 7L AT RER IR AR . BCAA AU ZEL W PRBE B & ZARDT, 10 /BRI 2R HR T T d e 22 Py L ] (B 2
PR RGBT B B RS ) T Bl = [25] [26]. BAR, BCAA B LA AT fie B 45 i i
BN BT REAIILE 5K T), WIS SIS R [27].  EIRBEURM = BCAA 55 2 [AIfF 7E
TR AR, AR i LB AGR vy s PR B AR A2 SR A4 BT A, ARORTESE BCAA JK-F RIE i i) A
bR VA v 0 998 RS o

3.2. BCAA 5z HELX R E LR

BRI FEREAL 2 2 Fh CVD RFER, eERB KR RERE Al nT A RCTR0I o ML A o — T A 4 BA B AR 7
[28]3E I I 52 L PRI BCAA AR, FFAERE U hoxt O e FHAF A DL, 24k BCAA 1 HLIRBEALIL
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e 5.0 ME FERIEMSE, AT 2O MERIEER. 2 TR FMEERT 7T CAEsE,
PEIR R BCAA KV Tt 5 ek 0o MBS ST AR 5G o — T0E X 12 32 O JIE 585 48 N R BB 3 IR IE S8 [29] 38AE T
BCAA ARk 55 56 Lodp ™ A 2 (A 9CHk . BCAA AR 25 EL nT Al I 22 Fhig 2 (e i3k 3 ik sk BE A Ak 195
PR, SR BCAA Tl % mTORCL 55, {2k N AN ML Az 40 M 1) E AR JOEFT 2,
T P4 40 M ) I A% 0 404K 2 BN TS AL B SR T s PR OGS B 19 [30] o Xu S [BL]HF 7 K I BCAA R4
AT DL I 38 56 /NS R B BB, AR 3 /NS A R AR TR F R, T AR TR e P el Bk 25
BIER BRI . thAh, BCAA JHEACHINIE S5 A R DI ReRsnG . 95 2 PRI IR P 2 6L 2 B e
TG, FLEERE T KRR 1) kA 5 R e [32] [33] .

3.3. BCAA 5L B BT Hifs

LR L/ P87 (1schemia/reperfusion, I/R)45 45 /& St CoJURE A8 1L iz 28 28 5 T G 1 32 kAR, Ly 2
HFESE AR, WRRERACH AL AN SORE AN 125 [34]. BCAA TE IR $i5 h (4 F 2B &
25 RN 5 T YR T R B IR RR S N (A FVR B . — 7 1, 127 BCAA B N EL.C L I/R 4% . /£ BCAA
S FRARITER I (B PP2Cm 2[R Rt %) A Sh A A R e, 0o P BCAA (1418 14 25 AR 2 308 I FEL 2400 P T IR At &
B, AT O LR A R Ak, 055 O I FE SRS AR IE RERE 77, A0 XS /R 45475 58 i
J[35]. Li Z5[36]0F 5t ~, BCAA mliEid i GCN2/ATF6/PPAR-a 15 5B H, % om0 LI i 17 R
Ak, AE VR RN RINE Bt = P RO AR AT A R, NN Bi4% . 55— 71, FH%b 78 BCAA I RE
HAOIRYER . —BtA SR, ESRILATS To R P, nlilid BUE mTOR 15 S, SGE4&
KifADIRE, W OIAEMIAET:, BB/ AR, A tH AR I 00 S R o UL R B R [37] [38] Ui
Ab, Cai ZF[391WFFL K IN, empagliflozin %5254 7] G i 0 AMPK/ULKYL J8 RIS 28 btk 5, Mifi
PRYC WERR UL 552 1R 45, X R R4 S 1 R B AR R AR AE 1R $ 40 (i B 24k

3.4. BCAA 5158

00 77 32 U 5 L IE R I AR I B, AR O AIE 2 — 2 23 1 OO UL RE AR B A [40] [41] KEIEHE
FW], BCAA I3 i A AT 0 T2 I B B AE AN IR K 3R [42] [43]. Sun Z5[44] () — TG 14T 75 1
ffifia e, B PP2Cm 2 A 5% 5 201 BCAA 2 R AR BRI 2 B R (R b g 3 M O L R R D 3 i I R A
HAHIBN NS BCAA KIHARH“4) BCKA 7EC LRI E A K. X8 BRI BCKA 1T LAY H
W ABE R AR A %, FREEEGE mTOR 5518, SECONAIMALK ., 40O ThRERERT . 75O U
FEJG IO R R R, [FIRE LS 2 BCAA - fRARU 248, E— B Il T O 2 JAL [45] . Jlid 2540805 BCKD
P BCAA [FIEH 4- AR, AT DASGE e 08 S i 175 3 (10 J) 3 v . IX 6 S SL R4 7R T BCAA ARl
PRAF R0 I R MRV AR VR YT S R B

3.5. BCAA 51l &k &

OHRH, JTHAABMEEIE DR LS, 2 FE00AETER SO N 25 i) £ 2R R [46] [47].
BRI TLE R 7R 718 BCAA AT THES DR 2 B [ BRI SR OC & . Portero S5[48]38 1d 44
Bcat2 J: [ 538 /N SRR, S B AL L BCAA I8 RAR TS B0 O UL B B0/ B AL T B 25 ST
AL B, IFE RS BRARRIE Ja B AR S (e o R S XA AR R R S O LA AR A A A
SHPERIEAR, - DRIPEIFE AR, KO H RN A E R mTOR 15 5 3l B e BE S A
FHY, A mTOR 04 77 75 F 25 21 v] DALA RO IR S s AR BR R . e A, FEARE B — A KRB AT BB AT
Ferpth g R, MK BCAA K50 B T PR [EHIAT QT (M2 1EAHK[48], #—PEsE | BCAA
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SO AL SRR AR . AR, O34 8IHR BCAA [R5 A QB e 2 I a0 s T Ak AN 2
A A, AT b 5 B 5 (1) 5 I [49] [50]. 3L 2558 3 BCAA 4 A i a1 FH ok B8 2500
PKG-CREB-KLF15 {55 i@, 1 LAMGE 5 BCAA I 84200 b5 B AN (1) BE B A4 [49] . IX 48k I EE
FRARU 2R LS O R Z B BRI RE TR 71, 4278 1) BCAA/MTOR i #% 1 G AR VR O A
(1038 S

4 SWSIHR

JE BCAA 5 VBRI R IR PEAT B2 W], AT T A% i, 1K L8 [ vE A
BRI A O ECEE, JFEHETHEE 2Tt — ek,

4.1. BCAA 5 BCKA: #HEEEMBFHEST?

BCAA R Faths ¥ AL B L 2 ) BCKA IR A I, BCKA ZEC IR /NS H ) 57 75
M, FTREEE T IR A I U5 A e W B SR 81, AT Lo LS R 8 A A RIREMA[31]. A B TTA
B, R RISCRERAERR, AR TR, 8 B R 9 AR R U 5 R R 1k e e T
PRERAA TR (R, 0] 1 36 AR AR, (80X SR I A5 BURK[51] . AKHIF 78 75 R H R AE I 25 |
FEHETE BCAA 5 BCKA A, DLE— 2D b e A1 T O B 5 AN R B B LA R

4.2. BCAA BIBUmM : M TSk TS ERR?

JiE By PR O ME PR E R ER R R, HHE S5 BCAA R ELIAE, itk BCAA MEUHRERZ
ML TR B AP A BRI o 5 SCRE SRR A AU 240 (1) /N R AL o, SRR U IR 4 A o
AL SERS R, HOlhS5RRRESHSINEAR, E0 MR Z 1000/ AR 5 57 A4 1
ANERC IR B ERIA AR, IR LS IR, SR SRR IR ) AR AU ER A T BRI, AN AR TR
B#RE5[51]. AT RS R R B TR =, PR R B IR AE O U R A FH v e S5 68
Sy ZARPUAN 2 BB PRI A7 AL R LI [52] [53]. 1 f i RAKHTA B vl @ 50 BCAA 2 AR oGk g
(w1 BCKD ) 1idtE, T2 BCAA ZEFI[54]. [Hlth, BCAA ZHiL-5 M5 RHIPUR AT REM B — B
W, FEARFAASERN B, K3 SRR AT REA R RSk mld i 43 5 42 5 5 2= FU A BCAA AR
W, BB TE O I R AR R I R SR e RIS HAE A

5. BESRE

i, CRERERAWERILCHIESE 22 52 MO ER IR E SRR, HIEENLHIT
RERAMEM . JOERN . AN MMRIDRES SO ARSI S LN R . TR, FE
AL A NIRRT FEARN . BCAA B RIERTE RIS AR I 5 0 0 5 5 B AR P A 1Y
HEARYT . REMRIIFIUS T BERE, HZIUREEE TR AR O S BERL . 5 %,
fiE¥h BCAA JKT RN 52 i B SR A PR IEAR R 2T, anfkg i [X 70 i & BCAA SEASENIS BCAA
I3 PR BRI 2 o L7 ARG T FSEH BROARDR Dk, DSk Z B it . Lok, UL, e A R,
FEAR ML S M/ MRE BCAA AUEERIE K A5 5 BT T W] REAFAE B 2207, O IV R 402 A7 AR 4L il
MBS VL) BCAA REHRISHLEI, AR, Bhoh, M. 8 S EOIRAS SR 2 0T e
BCAA Ul & K H TR AN, EAR R AN EAL. B2, @iz BCAA UM, AMUBEIEIR
XA 5 0o VB AE ELOC R ER AR, A S D0 MU 0 HOVR YT R BLHT B RO SEmE Dy I A8 R
WEITRE . 2 W RETT SR AU AL AT i
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