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The role of amino acid metabolism disorders in the pathogenesis and clinical significance

of coronary heart disease
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[Abstract] Given the close association between amino acid metabolism disorders and the occurrence and progression of coronary
heart disease (CHD) , this article aims to systematically summarize the correlations, mechanisms of action, and clinical application
prospects of relevant amino acid metabolic abnormalities with CHD. A systematic review approach was adopted to analyze the role of
metabolic abnormalities of homocysteine, branched-chain amino acids, aromatic amino acids, and other amino acids in CHD-related
pathological processes. Meanwhile, the potential impacts of amino acid metabolites and gut microbiota on CHD were explored. Multiple
amino acid metabolic abnormalities were confirmed to be associated with CHD risk, which influence disease progression by
participating in pathological processes such as atherosclerosis, thrombosis, and endothelial dysfunction. Amino acid metabolism
indicators have shown promising clinical application potential in CHD risk prediction, auxiliary diagnosis, and therapeutic
intervention. Despite existing contradictions and limitations in current research, amino acid metabolism disorders, as a new target for
CHD prevention and treatment, hold clinical value and research potential, providing a new direction for cardiovascular disease
research.
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56 0297 Ccoronary heart disease, CHD) H Fi /5 &
IRVEHE N FBOE TR E R —, " H
B E N K E S . [ S ST 7T E s
7™y BEELIAT 17761 73 ASET CHD!™; T A [0 187
g R 5 57 11k 5 2023) 1Y BB B0Hs o, I AR ok 3R
CHD [ R R R 2L E T, 415 H AT 42 [F CHD &
CIEE 1139 /361 WA HLEIRT , CHD (4% L
I E LAt A2 B S BE AR AL Catherosclerosis, AS) , FLJE
B J 3 AN B IA T - B S e IR BT AE L BE Y
i UUAR G AR AR T i 2 3 E Tl P AR 2R D 5
UCRABNE RAE SN R0 , RAEANRAAN 12 5
TR BEHUY R B 2 U8 A R D RERRRG, 3
A8 &7 4 T R 52 45 G007 PR 3G 0, 1 — 22 (R 1 g o
FAERE A IR IEY . X 3N EAEA, R4S
USRS a7 LA P 28, 51RO LB ML B4R,
T 5 2 CHD AR 5% 1™ B0 V8 SR R B 5 R
J& .o AR AR B D RE S bR A R A R R R T
AT, e B0 B B T S R A LA 25 3 By
BT KA

H AT ST O BT, O L85 S DR 3% mT Re (e gk
AS FRR SR, HETITHE N CHD A A2 ARG CHD F AR
5 Z M K R E VARG, Hrp AR R fE e R &K,
BFEE FEA R HE BRI | = JH[E B (cholesterol,
ChoD™ 8k Ifil ig 57 i 1L Chypertension, HTND A
JR i (diabetes mellitus, DM AX 3 £¢ & 1E (metabolic
syndrome, MetS) %5 . X L8R I AR L AE A, 1fi
s 8 TR A RS S CRLEE g o A QA 41
KAFERRAEEE) , (BN R AS 5 BELBERE , 491 40 77
AN AT g BRI Z B R I N 5 A P4, MetS
D8 e i 22 b S i R A R0 2 1) S 5 RO, IXOR S
SRR DT SRR Z L5 CHD B OCERBE 3 1 i B
A FREA . R, VRN B CHD B IRAT FRAE % O
i BEAL SR SC SE R R 3R, P 9 SR A A 2
TR AR 22 BLAE O TP B4R I S Ak b 2838 5%, iy b
CHD HJF B 56 7 Hhg B H 2 .

R AE M iR B BT A BT, R N AR A
s S RIS EREEMAEM . AR E R
AN Z 5 EA G R, &2 2 5HUR AR
ToREMN F IR SEZ ML, EHL
I J S L = FR BRAE A+ PR 2008 P4 55 5C A 131
W BRI I 5 A% O AT, R A LR E I AR 3
Dhee M IR . Tk, Bk 2 Btk
B, s A 3K L 5 2 Mg R EOm B R A K R
PIAHOG, P d% CHD. O % &, CHD &

AR R R R AT R AT B R B I R AR WS AR I
T AR 1 25 L T B Ik 5 R AR SR R
PP L R AR 55 2 BROPL, B BB A 2
5 CHD i3 #2481, A I 2 AL —
GIERR B — WL, B = 2 R E LR S HACH =)
(1) ZR G PR G s W EU L R AR i (00 JRU IS T B
TVE T BB RS A5 IO B W 2 SRR AR X 48 5 s
JoR -~ BREAR U B 28 AR AL G5 A 78 4 XL
SE LR A LA CHD A ) SRR R AS B
iff, 3 LA RcHe 5 I PR SE

I EE A HLW A A I BT AR 2 ]
B CHD ¥ 55 WL i1 4 (i 3 A0 AR, I8 CHD (1) 7
HAS W RS T B A TR T $ SR B IR A A

1 HEREBRKBHIZFELS CHD KK

1.1 B & Bk 2082 (homocysteine, Hey) 5 CHD

Hey 72— M & S 3L M R, JFAF BRI T
CEr, T2 H R (methionine , Met) A 72 H i
L [a] 7710, Met /& Hey HOME—KIR . AR Z AT
SR CA R E T B0 A R R MU Chyper-
homocysteinemia, Hhey) ) Hey A3} 2K 1 55 200 ML 5%
TR K Hey KP-Th Al B i 2 FhbL 20
AL R LA AR B LR SOE L Y B T RE B AG
MARTE AT AST e H AR 2 3% 45 HYAH EE Hey 1E%
(¥ CHD %, Hey T i 4 B AR B A NG T
( percutaneous coronary intervention, PCD A& J5 126 KA %E
TR, X FREMRE 1 94 Hey /KPS0 L
EIR ARG AR Hey ZKF>15 pmol/L,
BRI 2 W4 Hheyo 24 Hey M6 BE>15~30 wmol/L I 2y
B FETH T >30~100 wmol/L 9 FETHE: >100 wmol/L
WG TR e fENRE b il S0 E 5
Hhey™ ., ELZ81IF 52 Hhey A& CHD 0 ST 5 165 K 3,
Hey W] 2@ 1215 S B AL RLEUR B R A, 75 3 IR 2R
FACH AL, BOE bl g1, (et AsTE . &
5 58 Il oo AL, AR VE R, (e R AR
1 Chigh-density lipoprotein, HDL) 415 JH [ i 1 % iz
RE ) 32451, WIS HDL AH O (0] S s 7 1 3% PR F
I, I I 17 R 45 & B2 1 4 1 0 2 R ik R A 3k i
TRAN ML) TR 7, e A Hey T i R 2 5E-tRN A
A B AR [R) B 2 JDE 2 R At 4 I Chomocysteine-
thiolactone, Hey-thiolactone) , Hey-thiolactone #& — i
HA A S S 1 R BRI, REAZ 1 3 3 BT A R
(lysine, Lys) 5 3% , A Bt N- [ 84 2 e 20 R A4 25 1 )i
FHEE AR EREAE IR R I 6E, BA MR
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H & S S5 AR 2 AR LA TR A (R ASRRHE . it
2 (folic acid, FA) ] 4 4E4 3R B9, 2 4E A4 3 BRI A4
TETRR, RIMAET /KR SR R B A 55
B FA S AU ERE SR AR B T A R AN
VY& Ctetrahydrofolate, THF) o THF 25 » 7522
Z MK (serine, Ser) #2 H B RE I A2 (1) [ S, 14—
BRHE AT AN Ser ¥ % 22 THF, [ I £E 5. 5, 10- M5 Y JE 1Y
Z M FR (5, 10-methylene - THF) Fl H & B2 (glycine,
Gly), Z 5 Hey Met JE AR ™. [Kt, FA 7E Hey
PR B . 18 4% P Hhey 50 WLIFHR
7& WA ik B - & B (cystathionine B-synthase, CBS)
TEPERRAR, 177 CBS & —M4EAE 2 Bo ki PERg . 7E1E
AR AR R, CBS {4k Hey 5 Ser 4 A A5 A ME B
ik , MTT A 280 B A AR Y Hey ZKSF B ISt A% 4H D%
CBS Ih g2 e sk 4 A= 2 B6 S = #4751 2 Hhey
F 75 0.5-5.0 mg FA AT Hey MEAE 25% , 4T 71 A
WEe A ML 7 92908 180 R0 IR, BB 78 4E 7 2K B12
B6 B g FAIK Hey /KPP 5t — 8, 3 E A A 8
FP AR MLAE 1297 = LR a5 H 478 0.8 mg
(1) FA J& FEAR ML Hey S 7S

£ I, Hhey E Jy CHD H L G K RT3, HoAZ 0
FOFEALE AT VA28« AR AR A5 0T Dl e S -
i B AR 25 L - A TR (i 3 B e TR 4 P %, e i
2 B R 20 R L R0 e LA P B 44T L AS 1 FE
MR TE %, B 245 CHD W K 4B 5 AL, X o8 5
B R T PR R R AR T BT 17
1.2 ¥ ZBR (cysteine, Cys) \Met 5 CHD

Met 7E A A 38 ik 7 5% 32 S A A B R s
AR RS . (EH AT, 1R RS-l
fii 2R (S-adenosylmethionine, SAM) F-#2 fit HH 3, J5
SR 28 S-JIRTY [F) Y > Ik 2 IR (S-adenosylhomocysteine,
SAH) 7K fif A2 i Hey , ¢ 2 Hey A £E Met & B A
NI 4EAE R BI2WFA & 1%, 4L Hey R H 5, 10-
methylene-THF, Hey 52 H1 2k 58 & Bl Met, 58 84X
B FER B IE AR, Hey 7E CBS Al 4E L R
B6 HIAEH T %46 °A Cys, i Cys i — 2 & 5 5 ik
H K (glutathione, GSH) 11 & 1, 75 Bh 4l i dt S8 AL .
FESNP S5, Met 7] 75 5240 )4 I Hhey , 4% 17
I AS RN, EARE RIS, A E eSS
HOR I, 1 Met IR EELILH Hey 7K 1E 17N BR A4
FEW ) AS IR AR s Bk = B IRAE A B IR /N SR AT K
J&& 7 B (1) Hhey, {H AS BESR [ AR A A RT3 0™
Xk —BUE] T Met IRETE AS A2 SSHEVE ], T
Hhey A2 51 AS, X — &5 18 AUIHAD S A7 27 &

i 5 HE— 2 58 AR SR AT, AH AT LUIE B Met J2& 4437
T Hey SECAS KRR, —J7 T, v] Bg 2 K N &
Met R AT 7E FEEAG 38 4% o A2 plead & SAM T 3 351
B VLAH L DNA F R A2 gl 2 0, 3 B AR
S 18 B ke TR PR A S 0, (i OO0 T LA P e
WG I 5 A% 22 S AR, I AS BEBRTE R 53— 7
T, SAM A 74 SAH W] # il — S AL 20 & B (nitric
oxide synthase, NOS) 4 i — % £ A& (nitric oxide,
NOD, W RIE Hey AT+ 5, SAH [ & B2 B A5
W R DIRE, 51K AS. I A7 R B, HoAl 5 Met 4K
WAL A S5 AS AR AR 5. Met
S50 T 2 TR AT 2 5 W Tl T T JIEL A R, v ] 2R
T A A 2 T BB R BRI BRL S R S 251K
B AR 2R AL, HAN SRS R {E 3t Hey R %

9 Met FIALE 1)) 5 BEBEAIK Met 175 5 1 Hhey, {H 2>
S 1A FE 5 ML AL Chol J AR %% B2 s 25 0 F [ e 7K
o BRI SR AS BB ¥R BT 78 75 90T Met A 1 9E
Hey 0% . %F Cys 5 CHD WIS &, B W 70 45 H
A —5, — e LR B Cys /KF-FH = 7] B 5 CHD X
x 38 AR 5, T o — LU RIE U AR R IR 3 R . X
AT RESE KN Cys /& Hey #4219 74, HoK-FA2
AT e [A) 352 S Bt Hey ARPIRAS , T AE HL 2 5 CHD
HOR B R . CAPUAEREREKRY], FELEXTR
THE RIS RN EMEYRE LRSS
HUN B2 Met 8002, BV Rz 3 AR P R A 2
15 AR A Met AR, J2 6 77 Met A AH <50 1)
TR R

Met 7] f# 37 F Hey 3@ i SAM/SAH @ %15 5 AS,
Cys iiid 2 5 GSH & UK ¥ H1 80 AE ) HAKHE Hey
RUPIRZ, H AT Met 5 Hey ISR LA 2 & Cys 5
CHD [ RIS 1 A7 AE 1, Bk = Met JF Hey 73 3CH)
7> T HE AT B Cys BOORREAS BT BE R BIE 7, R R T
W SAM/SAH HIAAZAE FI FF AR RIBE & T+ TSR
1.3 % 4% A48 (branched-chain amino acid, BCAA).
% 4 7% 2 B8 (aromatic amino acid, AAA) 5 CHD

BCAA 5 AAAVEHURACE A A5 O DS 8 4%
T LA A L B 5 4 B O3 1 BRI A I
R ORI , G T A5 BEC IR & 3R IR  AOIE VO IR AR
WERALSWR I, RES 5 CHD KRR, H
P R BB P46 5 4 5 SR AR P VD T RE S 2 A
A FEEUR BOR 37 R8RE PR S8

BCAA £ 5 5% & R (leucine, Leuw) « 57 7% & IR
(isoleucine, Ile) - 4l 2 FZ (valine, Val) ; AAA 13 45 %
Z IR (tyrosine, Tyr) « 7K [N Z & (phenylalanine, Phe)
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R (tryptophan, Trp) « 2 Chistidine, His) , 7§
R BRI Ry e AR HE B 2 S LR RS R,
HARW KM 5 CHD (R B R R DI R .
1.3.1 BCAA Rt Z4L 5k 5 & I AT-ASB %

BCAA A 7 & 2 175 R AR XL L in s CHD 2k
JEIAZ O 2 — o — D7 1, 2344 i 077 40 i v 5 i
W58 BCAA J3 AR, 9 IR 7 AR LB Ak 30% 1 £ 15
Wl A, H BCAA AR5 4 A4 2 B12 4% S [F 52
JIE 7 4 PR A R I B, 5 B0 A I I U AR
53— 771, BCAA I iy 28 25 R I v 3 B0 5 38
WA Ty R ZE L, G I 5 v R B 3R ILRE A e i 4 i
FEut , 35T N DM XS, T DM AE S CHD (1) 3 22
fale R %=, 2t — S hnE 5. R s
WAUE S, = IR 50 R 30 BCAA 3\ 1] 5 30
i B S 7, fe 2 AR BCAA Pk £ W) 8 S 35 D53 4
R 2 R 5 B, HLR B R AL it 2
Tt L35 BCAA K, JE BB PEFE IR, b4t JR &
FIPUE 5 RGP RAE VbR EVRE IR BE A (gly-
coprotein acetyls, GlycA) Ft & A S BE, 17 GlyeA AT
113 HDL 9L & U A/EA, [R5 CHD 38
B2 Je gt ik AS F2 BE 2 U)AH OB, ik — B T
BCAA AR 25 AL I 0% U
1.3.2 BCAA #9304k A : 45 52 5547 % 7

BCAA XF CHD F 521 I JE 5. —, T & 2 B A)
VEFSRFE . B IR ASHLEI4b, I BCAA THEidk
2 FECly /KF T B, B 2 FUE ™, 1 Gly 1E N
B MU R R I 2 L R, s b 2= (] 422 il 55 4L
S8 L8 ) PR B e 7T, AHOCHL I R SORE i — 25 )
o AR5 — 5, #5530 5T AR I BCAA S FHAR
P A TETE R FH - 45 AS AL (ApoE ™) /N FR KD
78 Leu & , A] 3@ i BAIRAR 25 B2 I 22 0 BRI 2 R 2R
17K, 7t = HDL, [RIE R 38 IE Chol HEHHAH ¢ 1)
ATP 45 & 535 5 13 G5 A G8, (2 2 45 /1 AS 9 kL THi
7 Leu 38 BTN R %S g AR « 1 T ILE A7 AS
1) S0 AR AL -5 0 i IR A B 1 T
BAG BRI 7 155 50AE G, th4h, BCAA BIAR
W P2 W) S 5% o - B 12 (branched - chain o -keto acid,
BCKAD 78 O UL ifn P88 33 453 47 H o 300 o 1 A R 4
VE R, B4 S2 56 A0E S, O UL B if 7 FE vE 3 R 48 T
BCKA, A 2 42 O 8 455
1.3.3 BCAA 5 AAA 69%35 52 4 Bk m R 5%

BCAA 5 AAA 383 L AR LR #% 18 7R3k N 40
L, PN B AR TR P R R, R — AR E R
M) AL 375 HH P R R SRR TR L™ SRR TS R, i)

BCAA MM R A5 HIN A7 2 H G, it 5
2 7 DM JBe B AT MetS S H VARG, $7R8 BCAA
A ATV AS R0 XU, | 5 SIS0 A 55 155 e
B A RR B, B A CHD X TR 22

H AT CHD XU (711 7+ BCAA/AAA FUAH 1 o 9
T, Wk = X0 PRI SR E L MRAH AR F IR AT I, Rk
T HRH & A AN [F] N CHD JXURS: (14 12% bUAE ) b o
FFET X PR A SSAC G, ~F 45 BCAA BRI /EH
134 39 AAA 8947k R H # ok

B> AAA BACI 57 0 AT 30 ARy e 1k AL 1 5 e
CHD XU : 155 Phe HMIUEE B UE 5277 512 O L 40 i 45 AL
LY, T B ET R AT, T 00 I WS AR K & K Tl e
NEERY, HAIE Phe T 5 O I8 A R AR X
W6 32 35 AH G (R IX — 250 5 5B T 40 B S AR AE T
JE 10T, H 0 ML A AR G R AR R R AT 7 gk — 2P e
iE ; Tyr /£ A 5- 52 2 % (5-hydroxytryptamine , 5-HT)
A BB E — R R, T S-HT AT I B s hE
TR 6 o e i g 6 B B i /N B B 4 S B U Ty £%
AR FHI S E 5-HT & b, 238 i AR 8 5
HOINHE AS BEFE . BbAh, Val AR MR- A
T & (B-aminoisobutyric acid, B-AIB) 7] i i — i g
i HF Cadenosine monophosphate, AMP) 33 1) 25 134
i T 4%, 987 g 2 BE (ipopolysaccharide, LPS)
5 (R IR 7 S0 S B2
1.4 L-# # 88 (L-arginine, L-Arg) . JA & B (citrul-
line, Cit) 5 CHD

L-Arg. Cit S H AR ™ Py i 4% NO A BRI
BN R DIRE, X CHD F= A XA AR F  HAR S 1 B
PRI ik AS JHERR o L-Arg IR LLNO A= 7 Ay
o, TE PR 26 R Bl %, B3 Cit % 0K, &
ZLIE % : L-Arg 7E NOS AL T 5 [R5 A2 NO A Cit
NO 2 £ i I8 &7 5K A BT AS 40 7, RILH ML S
sRAE R, TR I, # AR SR AR FERA AR
PR RS BB B : L-Arg (AR = AR FR i —
2L K % B2 (asymmetric dimethylarginine, ADMA) ,
22— W ELRE AR W i K fR T (dimethylarginine
dimethylaminohydrolase, DDAH) 43 fi# 4= if Cit, 1M
ADMA £ L-Arg AU 22 56 4+ PE A 1] NOS i 1
(8] B 2> NO 7= £ 3 — IE B 12 R il 98 NO
A B T IEFOIRAS R, NO AT ORI R
EF5 ADMA #E 2 S HINO 4 A &2, NOS [F] L
I P O U 4 A 0 B NO B4k R A R 5 B FH A
PRI IS i 0 A8 9 BE L (2 1E AS 1 JR M

WAL, Lys 73 fift 5% L-Arg % 20 75 rh A= B =4S
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Z R (L-homoarginine , H-Arg)"™, W {5 L5 P i 1)
RE « FU0 AR50 0 [0 PN 0 A, e Ab, S8 2 i i R W]
H-Arg A] BE AU T 1 G0 AR S, B FT R EL
P i AR AR R AR AR AR . — T
1 999 1l %2 i HIBIE e KB 5 11 L-Arg 7K1 B0 AR
B R &R (symmetric dimethylarginine, SDMA)
KPR E R ASTEER I BLAOMESR, 1) ADMA ¥R
5 AS TEAH KDY, I B LS “L-Arg 2E L NO 4T AS,
ADMA B R (L ik AS” (K18 LB oF J6 » S PR
RGBS 2 2. B IR K E T, L-Arg XF CHD
Y B - AR B T B — R R, T RO RS A A I
25 [1T47 : 24 ADMA ERLNOSTEME 5 1 55 S S
RTINS, BLAEY L-Arg /K TH S OV R oy BT
TRIAE R NO, £ 2w Re A S LIRS 5
T8, 3B W] fiE HH SDMA 18 i S A2 ek AS HEfE .

gi b, I R R AUPIR A8 NO K% L
TRIE T, IR I 1) 547 RN o 31X — S 18 32
T AR NS %08 B B T SR AR A AR I 4%
Chnif % L-Arg/ADMA EUAH  4EEE NOS i PR, T E
2N TS L-Argo
1.5 Gly5CHD

W R BLINLIE Gly 55 5 AE 2 T 0 S0 /68 K
A RO LB B 10 AU 2 SRR OG5 Gly AT 4ERF 1ML
B IR B SRR E T, S LR TR ) R A
SRS, BRI R KPR HaE W] D d i i
RNE S L5 A SLIC, TBT AR PR . H
Gly 72 ME — i & BLIEE RE a2 W 4 J i o 35
7 =i Ceriglyceride, TG FIARAR 25 FE 5 B2 (1, L RERE
K TG & Bl % M R AR, X — RIS Z B KT
Gly % A Bz 20 i B A O ML ORA 1 FH R0 AR A
Gly H I PRI R 2 /2 idid 5 Gly [ il 45 &
EIER ey WAL i1 )= yRala N0k 3 d o |
HMIE A BIE 5T K B Gly #2328 RNA SR B0 5 RNA
(tiRNA-Gly-GCC) 7E L8 ~F- 1 JL 40 Jfw 2 B 4 46 A
Az NI B A S S AR A L, 401 L 3Rk AT 2
ek ML A% J PR A A BB Y, BCRT A I
B AR SO TR IR T TAE R

Gly 11 Fa € M IR R P aAb  FL R R IR ORA
A, 5 FAt ORI PR LR 1 B R4 P i R B f, AROK
i AR S B 5 A S R IR A ELAE

2 Hp=EES CHD

2-53 FE R B 21 1 R (taurine, Taw) 22— Fi 3k
EHRAER, A PLRMEERR, BRI

EARZ A TR FE MR~ K2
Met. Cys & i, K& 73 AFAE T 0 K ILA -, B
SRAN M B A T AR E B R R 2 — , (BAE AR WA
WAL SEAL  TR R H A DR AT 5 52 SR AL
3 A5 BCAA 73 A AQ I ) 2235 40 Chol & )
PER . B EA K& SCHRE W] : Tau W] LA fiL /)
BRERAE , AT B ARG LU A T2 RS FRT JXURS: ; Tau E 88 14 7 1L
AR AR, 22 5 B 4 M B2 BOIR A, BRI I
) Chol FTG 7K-F-, 3/ g B 78 LB ) T AR,
MR AS R HERE s Tau B8 8% 5 Bt O JUL R L 78 73
497, kb O S IR R AR, FEAIR CHD 4K R
8z ; Tau RERG 4 81 NO K7, BRI B2 32 -1 7KF Y,
o L N R D RE . AR — T UG SE G TR B AT K
6 PPz FE R [ Gly Cys N Z & (alanine, Ala) « Leu.
A & (glutamic acid, Glu) F14+ & BE i% (glutamine,
Gln) J7E 22 4 718N B8 2 2 52 W 3 Jik 40 i I Joi A1
R, b, X EWER4H M TG AU B ORI E LA
R, HARR I N> T B & & TG ik
iR 8 i 2 RO, I IZE 1 B A BTG T3
. BFFLERHT, Ala AU OB 4 5, L w]
RE A FH T8 P B ot 2 AR B v LK 35 A5 5 A% DK
BN Ala 73 AT, 2 T (i 2E e I P R A R R
KT Glu Xt e fik AS FIBF UL AFER LD, (H AT AN
(72, Glu MR A& Z BRI b 78 BE 5 IR (2 i pE %
il B AR A 2 R B RS M DA S/ e
B0 55 2 FOHLEI T, ORI T 7 0 B O L EE ) 1) 58
HENE AR BT TR AL RE , AE B SR I8 rh R BUA LR 5))
FIAARRILAL , 7RI PR b R ISR LN 32 3271, R
PRI, D REAH AR EWIGE -
Tau 38 3 477 58 715 g AR 45 A 43 AR 4 1
F Ala J8 3L 52 32 5 M4 ) 42238 0 CHD XU, Glu 5
Gln ] 38 5 0o LR 1L FREEVE AT 52, Ala 5 CHD 1)
YEF ML B Glu % 76 ik AS B 52 1 v A B, ke =
Tau [ 1l R T 7 & f 2 TR BK 5 AR S &
GEPEIGAIE , A K 7 T JE Tau #h 78R 96 H M BB A br
7/ it

3 FpEEESSERKH

Jo 3 T AR N IR B 7R 5 1E AN O
BEMFGE, W@ AR AAA L Trp & 72 A @ T AW,
W 45 A S B IR BT AR R S B AR AS S 2R T 5
MetS i Jig 5 CHD AU
3.1 MetS 5 /i B 2% 2 AR BR AX i 49 X B

MetS & — 44 DL rpoC Y B iR 29 8 i L 4 Sy
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HTN. [ 8 2 4840 (502 B DMD L AS 14 i g 5 9 4%
ORFIE R IR PR 28 B Ak FEAS B i A TR B i 48
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RERH AT, D REFIRKEWRIT4 G, 4l
P TR (45 o 4 L S e R D Rl /L, JE A 45
2 2 1 A R A B T T R B- SRt e R R
A KBRS0, HE T 42405 235 o 4 28 A ) e B
A I RE, FE S A G R, S Z AL AR TR BT
Ik, o AR 1 LPS W0 45 W Ho % 2 I R gl
W& 2, 3-XU 0 4 B 1 Gindoleamine 2, 3-dioxygenase 1,
IDO-1) 41 38 B% , 2 26 3 BUMLIE Trps R IRK AR
(kynurenine, Kyn) XU 25 L, Trp #6355 Kyn &4, N
HASHERET
32 M EE KM AAA B9 XA 5 CHD Ak

AAA (Phe- Tyr. Trp) £ Ji7 18 b 3 AR 1 22 B AT
A4, % CHD X BA W a/E L B s &
0 I A B 2F (major adverse cardiovascular
events, MACE) EL#ZAH %
3.2.1 ARdeAe AR AS K~ 40

Jo T8 T R AR Phe 25 B 2R 2 T Ay & T8 i
(phenylacetylglutamine, PAGIn) 1 2§ 2, it H & IR
(phenylacetylglycine, PAG) , iJ 1@ I B0 15 b It 2 fE
S8 A TR 5 I /N AT P 2 2 I /N AR5 BT S 3k i A
TEBOE R = MACE K A3, HAZRBRMAL TAL G0
I SR R A, 56 [E 55 BRI 50 57 BA 41
F 58 (LGN 4 833 61D KB, Tyr AR P4 4-F2 H 3
FIR 4-F2 L T R IR, DA K Trp AR 7 4 i 2 1| WAk Ty
(indoxyl sulfate, IS) , [F] # 5 MACE XU . 4= Rl JE T
FREIEAR SR, HAL] 5 48 9 A S A a5 oy
FZNOS Dh AT 5K
322 HASHKHEF

FE [ — TR B 0] BAF e A B, i i AR
W Tyr 248 B 1 4-F2 25 2K 2,8 (4-hydroxyphenylacetic
acid, 4HPAA) B AL I T 45 F T B A, 1R 355
R AT SN, A 18 SE , 081 P T S M AL,
2 B = I B 5 3 A A PR DU 7, T I AR A
MetS A% 273, H o838 7 1) 32 92> CHD 9 AU
AN, Trp AR = 4 15| Wk -3- P4 BE (indole-3-propionic
acid, TIPAD 7K1 7£ CHD & IfLii5 H 2 2% P21, 304
SI6IE S 78 TPA AJ 38 i 1 4% miR-142-5p/ABCA1
I P, 1233 AN A Chol 336 17138 %, ok /b 60 3 41 ffg
TERL, 48 /IN AS BEHEI R

3.3 Trp R8s 69 #1845 5 CHD #9552 X %

Trp 2 i 18 1 FF AT 3227 A2 Kyn F1I5] W KX
ey, AR B H 5 CHD 3 &
3.3.1 Kyni##: X IEAM K

RACRE T, WpiE w2 EL AT 353 IDO1 1 B2 i
T D03 Trp 7] Kyn 8% 4%, 530 Kyn/Trp HCAE T+ 51, %
FUAB TEHE R - MetS AR &35 T, H 5 CHD &
HASPEHRFEE 2 IEA G . Kyn 3 R =4
AR I O SRS T I K, (R AR B KB )
i 20 BRI, 38 o IS T KR
332 HIRESE: i B SRR ARy

¥ 18 A Cln LR A~ BT 18D AR 1 Tep 7= 4
05| bk -3-FL R (indole-3-lactic acid, ILA) \ M5|Wk-3-H
I (indole-3-carbinol, 13C) , I3l I & 75 7 & 2 K
(aryl hydrocarbon receptor, AhR) fi¢ #F F1 /> & -22 7
Wh, SR T b R e B e BEAE TS X — 2KORE A e b
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2 i 38 R Tep AR, BEAT BCA CHD ) H B+
TR .
3.4 R AR ERARMEIE R B T

o T P R I 3 AR LA 451 T R A
i, 2E T 2 e CHD (1) & A2 & e, A% AL AL 4 34
T3 FE SR B R IR HE R I i Ak & g
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S M AR HE R IDE S RIS , B 593 12 W s 175 30F JEE 73
W B 7 3P Al b E G RAR AR . IR, BCAA 5
AAA TRAC 2R 17 55 IR I 22 HK 90 MetS 25 CHD 16 [
KBV . BCAAJAAA LU A B N T
CHD KUK 8 B4R AR B, L IE T &R

W B A . Gly. Tau &R LR AR L 7]
I YR T RE SR A R BOIR 2 B AR IR
oo, FHoh Gly 7K FRAR 5 2tk O U AE KU
[SETE 2 S SR KBS e a AR e =2 T 77
B REAC I =M (I TPA L PAGIn. IS) BE J W B 5 76

BCAA

PAGIn

“+”indicates a positive or promoting effect; “~"indicates a negative or inhibitory effect. SAH: S-adenosylhomocysteine; Hey: homocysteine; SAM: S

-adenosylmethionine; Met: methionine; Cys: cysteine; Tau: taurine; GSH: glutathione; GlycA: glycoprotein acetyls; Ala: alanine; BCKA : branched-chain

a-keto acids; B-AIB: B-aminoisobutyric acid; Leu: leucine; Val: valine; Lle: isoleucine; BCAA : branched-chain amino acid; NOS: nitric oxide synthase;

NO: nitric oxide; ADMA : asymmetric dimethylarginine; L-Arg: L-arginine; H-Arg: L-homoarginine; Lys: lysine; Gln: glutamine; Glu: glutamic acid; IS:

indoxyl sulfate; Gly: glycine; HTN: hypertension; IPA: indole-3-propionic acid; PAG: phenylacetylglycine; PAGIn: phenylacetylglutamine; 5-HT: 5-hy-

droxytryptamine; IDO-1: indoleamine 2, 3-dioxygenase 1; Phe: phenylalanine; Tyr: tyrosine; Trp: tryptophan; His: histidine; AAA: aromatic amino acid.
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Figure 1 The action pathway diagram of abnormal amino acid metabolism disorders in AS
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Table 1 Integrated analysis of the association between different amino acid metabolic axes and CHD
Clinical
Amino acids/Amino )
Type Key effector hub Common mechanism Clinical translation direction  evidence
acid metabolites
level
Pathogenic meta- Promote AS pro- Hcy, Met, Phe, Ala, Activate oxidative stress, Routine screening(Hey, PAGIn);  Grade A

bolic axis

Protective meta-

bolic axis

Bidirectional -ac-
tion  metabolic

axis

Gut microbiota -

amino acid cross-

gression and exac-

erbate  vascular
injury

Inhibit injury
mechanism  and

maintain vascular

homeostasis

Switch effect di-
rection based on

metabolic balance

Mediate diet - host

metabolic associa-

PAGIn, IS, Kyn

Gly, Tau, Cit, H-Arg,
IPA,4HPAA, 3-AIB

BCAA (Leu/Ile/VaD)

and L-Arg/Cit path-

way

Microbiota - metabo-

amplify inflammatory res -
ponse and dyslipidemia,
promote thrombosis, and im-

pair vascular endothelium

targeted inhibition (non - Hey
branch of Met metabolism, PA-
Gln synthase) ; auxiliary index for

risk stratification(Phe, IS)

Antioxidant and anti-infla- Adjuvant intervention supple- Grade B
mmatory, stabilize vascular ments(Tau, Gly) ; vascular func-
structure, regulate NO pro- tion evaluation indicators (Cit,

duction, promote reverse H-Arg) ; gut microbiota regula-
cholesterol transport, and tion(IPA-producing bacteria)

inhibit foam cell formation

Pathogenic: insulin resis- Metabolic ~ ratio  monitoring Grade B
tance and inflammatory acti- (BCAA/AAA, L - Arg/ADMA) ;

vation; protective: lipid reg- precision regulation (BCAA ca-

ulation, myocardial injury tabolism enhancers) ; endotheli-

repair, and vasodilation reg- al function intervention targets

ulation (NOS activity regulation)

Regulate intestinal barrier Non - invasive risk prediction Grade A

talk axis tion (PAGIn/IPA/IS/

4HPAA) , Trp me- tion, and regulate platelet
tabolites (Kyn/ILA/ activity

13C)

lized AAA products and systemic inflammation,

intervene in lipid absorp-

(PAGIn/IPA ratio) ; precision
probiotic/prebiotic
(IPA - producing Bifidobacteri-

um, fucoidan) ; targeted inhibi-

intervention

tion of microbiota metabolic

enzymes (PAGIn synthase)

Grade A: supported by multicenter large-sample cohort studies, randomized controlled trials, or authoritative clinical practice consensus; Grade B:

validated by single-center cohort studies, clinical follow-up data, or sufficient animal experiments with clear underlying mechanisms.
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PRI SR = RIRY, TR Fi £ - T - e A PR -
LA I 2 3

422 s RENEA LD

e PR 2 A 7 T » S50 7R A O A 2R 8 XL 75 1 15
U R A, OR A TR AU Al 0] 2 A B T 9 2 RE
A7, XA A P AR b S A L (8t 0 5 K v 1

17, J it A - R IR AE LA 32 4T AR AR N A XU T
SR B , TP 2 Sk B B4R s T B W AT 4
WA ERN OB AR EZR BRES T
TG 8 AR AN S R ARG I 5 A bR R [
AR 28 52 24, 1% Co W 708k 1 AR BLAE BCAA XL [A)
1 F I3 2 048 L- Arg/ ADMA EEAR 17 i PR Il FHAE
SV AT IR ML A WA, CRAP 1 2 S R 1) 1 P )
RO gy 38 T B AW = 5 1 2 s R R A A
R 2 A HAE A [ B, Met 5 Hey 805 1E H
A Ala 5 CHD ) B 82 DR SR I 95 5 OGS S TG sl
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IR B8 B A 2 2H 2 H R L RN ARS HE 1 L 3R
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& Z, v CHD Bj i 42 £t 5 1% S5 (1) B2 K 48 5 S ik
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5 INEERE

AR 2R 8L -5 CHD (1995 BE G BK : Hey 42 CHD
() ST s 66 DR 2%, d o S BB B D e SR
52 MBS AS; BCAA 5 AAA AR 2% 7 i Jik &
FHCPU 2 WS R 5, H BCAA B AT XA 2%
IS 5 - Arg/Cit J8 B 4% 8 NO A= i T 1 % 15 Xl
{EH, Met B] 37T Hey 15 5 AS. i 38 TR 1 1 DG 8
I AR : i B R I B8 3R 5 1E AR
P W I AR AAA P AE XA B8 43 T TPAAHPAA
SR YETTASAE L, PAGIn IS &5 AR I 44 42 4
FLFEERIL CHD XU o I R AL A% O A - Hey 7]
£ CHD # L0 25 56 A5 » BCAA/AAA LEAE L TPA 25
R R 2R KRG T L 5 R ) A R AR Cln
A8 FA FEAC Hey Ah A R4 MR U R A 7 1 T -
S R A Bl 1) TR W, v CHID B ¥R 4 4 1 38
B

JE B WL B 2 R R AU 2R SLAE CHD
w1 AR AEATO A7 TR 1 22 A A O I 1) R, ok
i R BT R S« A X “Met 55 ASH
Hey 7K-FIEH 7 “BCAA BRI AR 72 4010, T3 45
G5 2 H 22 EOR, BRAS FACH 2 3 1) A
AR AN TR R IE 4 o AT AQ U R 2% A 45 I
WA 2 RER —RERBGEN, & RARRAKER
AR 25 55 A 5 AR 1 22 SCI 3 AL, B 4 A
) S B R ) (A5 sk RIVE A . SF R AR G R
il 22 ISR T, 75 JF g R AR 1T B 12 BA %71 A
Tt B AL B0 R o B R BE ALK 23 BT, B IE 2R
P AR XL CHD R SR OCER . JF RORE e T3
W < 3T AN PRAREHRRAE 1738 B8 T 2 A S A Y 5
HlE AL E IR T 2 AR S 2 A e R AN TS
J7 %, SEILCHD BIAMRAGT¥6 o ) B I 38 B A -
FERR AR A FLALA « PR NR 245 58 B BF (O L IRR 1A
BT 1D P42 Trp AR R 23748 10, BAA B RF AR
FEA) CUN TLA L 13C) 3 533 i 38 B B 1 EL A4 Jd i, v i
17 iz 3 T A 2 ) T TR (e 4%

g5 FRTR, g5 A RN AT R ERIRE S
CHD #H G [R5 R L HEAT S 45 (3R 2D, AR WF 58 B
BB LEAAER T ES AR, 285 Rihs &
-WLA-HE 7 4B 26K 2R, O CHD Bl i6 e it 3 R S
(B AR 5 0 I R

=2

SEMACEMI S CHD #Z20H A A I

Table 2 Key findings of amino acids/metabolites associated with CHD

Core mechanism

Clinical value

Biomarker Association with
Type
name CHD

Hey Risk biomarker Independent risk
factor; increased
long - term morta -
lity after PCI

Met Risk biomarker Independently in-
duce AS

BCAA Bi - directional Positively  corre-

lated with HTN

and aggravates in-

effect metabo-
lites

sulin resistance

Oxidative stress, abnormal protein func-
tion, lipid metabolism disorder, and pro-

motion of thrombosis

Excessive production of SAM leads to ab-
normal proliferation of vascular smooth
muscle cells, and SAH accumulation im-
pairs endothelial function (independent
of Hey)

Pathogenic effects: induce metabolic dis-
orders and activate inflammation; protec-
tive effects: Leu improves lipid metabo-
lism, and BCKA alleviates myocardial

ischemia-reperfusion injury

It serves as a routine screening indica-
tor, and its combined detection with tra-
ditional blood lipid markers improves
the accuracy of diagnosis and prognostic
evaluation. The prevalence rate of Hhey
in Chinese patients with CHD exceeds
80%

It suggests that dietary intake of Met
should be controlled, providing a non-
Hey target for the prevention and treat-

ment of AS

The BCAA/AAA ratio serves as a novel
risk prediction tool, which is applicable
to the high-risk population of CHD com-

plicated with metabolic abnormalities
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Biomarker Association with
Type Core mechanism Clinical value
name CHD
Phe Risk biomarker Elevated/increased Induce oxidative stress in cardiac myo- Supplementary indicator for potential
risk of cardiovascu- cytes, activate cardiac fibroblasts, and risk assessment
lar events impair cardiac function
Gly Protective bio- Independently neg- Stabilize vascular collagen structure, ex- Supplementary indicator for risk assess-
marker atively  correlated ert anti - oxidative effects, exert anti-in- ment
with AMI risk flammatory effects, and inhibit foam cell
formation
Tau Protective bio- Reduce the risk of Exert antioxidant effects, regulate blood A potential target for auxiliary interven-
marker CHD progression  lipids and glucose, improve vascular en- tion, which can exert protective effects
dothelial function, and protect against via supplementation
myocardial ischemia-reperfusion injury
Cit Protective me- Improve  vascular Act as a reservoir substrate of L-Arg to Assist in evaluating vascular endothelial
tabolite vasodilation  func- regulate NO production, and participate function and provide a reference for NO
tion and enhance in ADMA catabolism to protect vascular pathway intervention
vascular  vasodila- endothelium
tion capacity
Ala Risk biomarker Indirectly increase Catabolism promotes hyperglycemia and Auxiliary assessment indicator for CHD
the risk of CHD is associated with insulin resistance risk associated with metabolic disorders
PAGIn Risk biomarker Elevate/increase ~ Activate adrenergic receptors, enhance Non-invasive risk prediction indicator
the risk of MACE  platelet activity,and accelerate thrombosis independent of traditional risk factors
IS Risk biomarker Promote the pro- Enhance oxidative stress and inhibit vas- CHD risk indicator associated with gut
gression of AS cular endothelial NOS function microbiota-host metabolism cross-talk
IPA Protective me- Negatively correlat- Regulate the miR-142-5p/ABCA1 path- Novel risk prediction tool indicating
tabolite ed with AS risk way, promote cholesterol reverse trans- the potential for gut microbiota inter-
port, and reduce atherosclerotic plaque vention
area
BCAA/ Predictive bio- Decreased ratio in- Reflect insulin resistance and MetS sta- Applicable to CHD risk stratification in
AAA ratio marker dicates elevated tus, and be associated with activation of populations with metabolic abnormali-
CHD risk vascular inflammation ties; and compensating for the limita-
tions of traditional biomarkers
FZE IR ble for reviewing and revision.
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