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Table 1 Stages of CKM syndrome '’
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2/ T3 B >80/90 cm) s c. ZEMEIMLHE>1.0~1.24 o/LBHEAL L 2L I 7E5.7%~6.4% L 18] CREAT Wk R S0 F 03 1
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CVD: L4 %HK (cardiovascular disease); HF: [»%F (heart failure) ; KDIGO: M3 2BRE RIS 414! (kidney disease: improving
global outcomes) ; NT-proBNP: NAUHIK4MKRTA (N-terminal pro-B-type natriuretic peptide)
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Fig.1 Staging model of CKM syndrome
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A RO ML BN ) MIsh SRS, CKD: M85 JEJN (chronic kidney disease) ; CVD: LN (cardiovascular disease) ;
ASCVD: 3l ik 96 £ 85 4k k.0 ML 45 %5 9%  (atherosclerotic cardiovascular disease) ; KDIGO: M3 48k B IE% )5 4140 (kidney disease:

improving global outcomes) .
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Fig. 2 The pathological and physiological mechanism of CKM syndrome
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o WS Dtk Al 585 /e g i % eGFR
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(NT-proBNP, SZWCoHEG M ML IIRE) B eGFR
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BEPI U 42 2 FEMR M s i, 2 A
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]2 T I e AR R PEAL 20 i e fL bR
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Table 2 New biomarkers for CKM syndrome and their performance
R2 HBEICKMEGEIEEMREY R HikRE

AbREY BERUHUHIREL TR IR A1 RE 24451 SR PR R VE K 52 TG
sST2 1271 JORE/LT4EAL, M OFEXEH. BUE OEEET, sST2TMYE ZAMEMEBY ELISA; % EH<35 pg/L @7
VLN 8 PG TSIV ARESTE TIPS A
C X [ tb (hazard ratio,
HR) H[ik2.5)
GDF-15 " R R/ #0E, % OMEFE. FEIR ML U 2 Foe i o JeiERH, % ELISA; Z%l<750 ng/L GANH K&

R R i Fo

1.5~21#%

i, B IESETONAE 2RO B B 3B i 5T & 2 % T 0~
BOENE L WUSEFE KUK n

0.5 pg/L 24
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EYRREY AP TR AR L T B 2451 JRI PR RGN 5 v e 2% i
sy 2 S B RRERI G SR DS RS TR ERE JRPT B b, & WIS, H RO B1E062~81Dx 10°/L:
PR A WL s SIMA 15 5 hRE WAL R ARERE Lobk(165~792)x10%/L P
ATEEPS
Klotho BV BHRRS /L,  FIIEHRGTIZ, Klotho/K F T /RCKD MM AR Z, ELISA; /477 7.8~500 ng/L BV
BRI CKD#ERXE e A O MRS, R REiz
CKD B ' ThhE Tk R
B
FGF23 1 BRRUHAY, BN EUREBL. AO0F FGF237h R RCKDIHEM ZXEMZY) ELISA: MASHEH<S ng/L: LR
IR e J SETRIER T, CKD 3~44 Al ZH#{E<52 ng/L
#FGF23 5SMACE X% 1
PGPS
cfDNA B2 USRS TS, BTG SOER WETE S 2RO MR RIEE S, 55 PCREMPS: HBIK/NI50~200 bp s
FEBU 20 WA IR, St RMEERE U ERRER R L R IEDNAK T
O JULHE BE A AKT A L 12 B Ik F E cfDNARI0.21%I5, NPV
UixiEs 95% B34
WEEANE AR, A RO FE/CKDISE A mIRNA . A B A bR, e R . g K R B
1 D] S5 Bk Wi PERNOENCKDIFEAR S AR L TEM2:; K/N30 nm~1 pm B9
Yy, Wb R miRNA-21
T LA AL,
AR SRRAE AT R B UEIRES,  BERFIRHL. BT TR PSR & R ICPL . BARES, H GC-MS, LC-MS, NMR P, i
GF BT R iR = ] CKDHERA L M B AR 51200~3007 2 AR B

P, ISR RERR .
(eI

sST2: A[#PEST2 (soluble suppression of tumorigenicity 2); GDF-15: Az 143U F15 (growth differentiation factor 15); SII: 4> BHHfiE 4
SiEFE 4L (systemic immune-inflammation index) ; Klotho: #i%F % 1; FGF23. AL 4E40 4= K 723 (fibroblast growth factor 23) ;
MACE: FEZRRLIME S/ (major adverse cardiovascular events) ; ¢fDNA: fEIRIFEDNA (cell-free DNA); NPV: BIPEFIE (nega-
tive predictive value) ; MPS: KI5 JF (massively parallel sequencing) ; NTA: A KBRS0 (nanoparticle tracking analysis) ;
TEM: & ff B T B 4 %8% (transmission electron microscopy) ; GC-MS: = Al A -5 i 5% 1 (gas chromatography-mass spectrometry) ;
LC-MS: A% IS8 (liquid chromatography-mass spectrometry) ; NMR: #%#34EH% (nuclear magnetic resonance spectroscopy ) ;

ELISA: B S e &

HIZE2 AT, ATV ST2 (sST2) Ak S ity
WURE BRI EF AEAC AR R A Dby, 7RO T 1 i X
W AN U PEA T B LN, HOKE TR S
DB EAEBERMIET R W E A > Kb
[A-¥ 15 (growth differentiation factor, GDF-15) fE
SR I SN AR AE A i, B R AT ik S i 22
oA F4, HS0mEFET- FEAESGE O R
FEAS S g IAH DG 2

SIL3E 3 I /AR | P e 248 6 R ok 28 400 i 4%
THE, BEfS S WL my A S0 SO 5 4 B PR A IRA
HAKFTH 55 CKM ZEGAE B AR DA 7 52 B
- ARG R R P

175 Klotho £ FI1E A S Bef Gt e s /™ 72
WE SRR, HAKP NS CKM RS IR # 2 A
Ko MAEFET RS, i 3G UIAHOC B, [Rlisti2:

FU B AR S o AT AEAN A 1 R 7 23
(fibroblast growth factor, FGF23) &k i)
R, HTHEBA & CKD i J i 7 Fuil A
¥, JF 5 CKD 3~4 8 % 2 RO I & 4
(major adverse cardiovascular events, MACE) N
HEIREDG ™ AL, A A A AR
AHOCRE Bz 2R 1 Y AN 2= CIRA IRUTE P45
RGN AT, ESVE B L R R b R
MR R, Aim IR T IR AR S
TEIRFE DNA (cell-free DNA, c¢fDNA) 1EH
ISR T bR, HR T 5 2 R0
BRI IE ARG, RS O URESE R 2
4 (acute kidney injury, AKI) H R 2 Ei
B 2o SR A R YL N A A S A4t B ) 38 TR,
A, #57F 5 B miRNA . EAFREAEY ST,
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A BRSNS R B I R W R 150 T
AR AR, BNk B O NE LT R 20 MY S h i
TR miRNA-21 w] fig g0 JJLEF 2 fl B0 [/, i it
e o 7, FE CKD R A T A7 Bt H
(diacylglycerol, DAG) F& fik . = Bt H
(triacylglycerol, TAG) Fh7& . A mEAH Gk £y
BB T VHAEREIE,  DASAS B 28 e 5 288 1 PR XSS, I
FHOCHIIG, A A8 AU o3 J = 4L T3 i o3
e =7
2.2 FCElMEMERAR

1E CKM Z5 G ARz, ToB I HAR B
Hzhas . T EERIH, TEpem i 10 & BUF H &
Wb A 455 B OCEEIER], BB SRR e i
AR R PR o i SR R A AT I
WA KAy B ORe AR A, XA
I AR DR S A U S AL T SRR 1 RAR L Y f
RIS o AR GEvTAk AR () PR A, A W3
W3R Il S B A AR A IR, JCAR I T Y
O3AT, JUHORAE AR PRACE ], X 2 5 0 m 4
PR S DCHE M i 5 1 IS . R, B s
HORIWE 158 AL TR R, TR
HEA M RREIFRREI SR . DT E AR 2
B KOt H 2 BURE 2 R (photoplethysmography
PPG) 5. BHPTK (impedance cardiogram, ICG)
FARBBIHN 6 RN B TR I Ak R
221 ZYPKPPGHEIA

Z UK PPG R FE CKM Zi A AE 32 W7 i it
TR A B RIS S, P PR A i
Tl e s SR T IR B IZBRFI A
P ETE (401470~940 nm) AOFEMEZE R, 40
o)) SSEEE N IN=REN) S oA 35 SREAR ] V-2 |t /& =4
(light-emitting diode, LED) (411 940 nm) F %
R R Z kRSN E S, M4k LED (41530 nm)
I URR T 40 i 45 PRI 1 75 84k . 33 0.5~6 Hz
G TR isa 2 B I B 9 7 e )i U7 € o € =%
g3 B AR B (AR ), HET 5
(RN SN T 1 W N B X et D
(arterial pulse transit time, aPTT) ., 3£ 5 3% B,
aPTT 5 & #h J& BH JJ  (total peripheral resistance,
TPR) FA4F 35 0CHE, Tl TPR F& )& CKM I jii 8l
JI LR OGRS, B AR 5 R A I N
A R Il 2 S s G

45 4 Windkessel £5 B F1 BK 0% 430, 2k K
PPG ¢ AR fiE % 20 25 W il sk il 48 BEL 7 22 4k, 1RO

CKM Zi Ak 38 R A A8 i1k . A0 BE 3 Jin
SR HERAS . BN, FERE R SO S B CKM
SRR, SRR B VT 51 R/ NS K E A,
PEaPTT 47 5 F1 TPR 4, AR S0 i H e 0 e L
T X PO G PR o X B TPR ) PEAR i 770
RHEE, F e TR ML TG WSS i i 3
AR WS KA R s, FTRE—
V38 o o LB B VIS E BE D R i, Sy —
MINARS , JEHARE R, DU HRE2ZE, XFp
A8 7 LR A TR 28 H i 0 RN R 1 7 A ) BRARL T
Ho BUAh, 2R AT 38 o 2 W Ak 24 % T 3
(e -4 2 0 DI [R) i B 2 SRR ) R 2R 1Y
MCERCR , S CKM ZRA 1R 1 KU 43 2= A PEAR R
SPHRALSERT | ERERY et , VRAN TG00 A
PP 5 A SO S D e Jy A 2 Y

SR, PPG HARTE I RN H th 41y b 52 32 2 th
R o 2E R Y AR AR B ) e A
HEm, FEETMSEES . BRREEA R,
FEE U A S (UKL St iR]) 78847
NP EE WA . Sl sedklil, mER
Ik F ISR PSR . 20 E AR E T
BIMUMEAL, A BEAEAS R HE S AT SER
222 ICGH AR

SRS 7S 0 Bl B B A T I 53 2 (ejection
fraction, EF) J& X 430 J) 5 ulg o R 0 25 AR s
HE LA R i E (stroke volume, SV) .
U Hi i (cardiac output, CO) 1l TPR 55 K 1)
M sl 125 B Xk i (5 B RA HE A Im R
RS, PR RSG5 1 43 5 o e e 23 v B
P MU I E R IR ) 1% 22 5% . ICGEARIER
— IR, BhA RN B )2 T B, 7E CKM
CRAMEIZW D I RO R, B e A T g S
PR, 456 0G5 [ i ONE R, DR
WEARHBL SV, CO. A= GFIEfE] (left ventricular
ejection time, LVET) Z&5C88F8FR, MW IGIRO )
RESH i A pe gt fu ik . Hir, SVEFR.0
WERR R PSS Al £, 1 BN S 22 60~
100 ml, CO AR BlC RS H M3k, 55 T 0%
Fe LISV, IEH KA H L H 2% 5~8 L/min, LVET
LU E S MRS, OB AR DI RE
CKM ZE A B H A ZE AL (CAnAE e . e 5 2R 4K
o) FEdERAES | A0 AN SO LA 4L, FE
BRI R TCRE RS R DI Re AT . PFSE R, 1ICG
XA PRI /) SRR rh U (LT AL S L 51 2 5+
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WHA U, BB RS LR K
LD RER AR - 4 ek, 1CG I s N
D e e FEL BT AR AL, PTPEAS CKM ZRG1E S
MORAS CAna & 28 s R . B A BRI 3 m)
JEHAEGIFE IR 2R M, AR TS
A AN o3k B P e BRI T 3 o 1CG S 4 RY
s, NTTFE S5 R0 R 7 B RAAS 00461 7710 114 6 74 14
S RS R, 1CG S EU s (41 Co
WA . LVET4i%) 5 CKM M (3~41) &AM
X, BRI EAERE . FUIRRERAL A RS,
S IR T AR AR AR AR SRR Y ZR
ICG B HTAIM: . WEE &K ESHE AT
J1, B CKM Z 48 B & ny 2 TR

SR, FECBRIEIRN Y, ICG IR 532 5 H
WAL ARG AR Sz sh s a2 o, AT |
SV, COFLVET W R Gtk m i fpR 22 (R2E7]
IK£30%) 7 R T A A7 2 B N AR B AR
AR E S A RS N @ o W KNI B35
7 e i s REC B ™ EE AR AR O ISR A A L T
ETFHASREES N CO SRR fE 2 H LR
W, FEONERMER ., HXHRE O E IEE T RS
WA S PE R RS IE . e i HEf P A AT 8 4 e
Tl AR DA R SRR S S
A B
2.3 HEFESIEEITM

TE CKM ZRAIER 2T, 2485 5 DI REITAl
Wit 2R . ShBRIEAR, R T IR E
105 5 9 A L R TR) B R 2 OQHK . R R RR
(andE s . HHAANLEZ 44 (computed tomography
CT) ) RIS COME | A8 B B 0k B 45 44 14 i
A5 IEEIEAL (o . AT DA
sl J12E . AR R D Re A A AR B B AL R 1 A
o PIZEEARMMBFERN A, S CKMZEGEAE 4
W (0~4101) 0 AU 7322 55 1 o s il s 1t 1 OC
FEIE AR o
231 SARSEVHAEEOR A Im PRI

a OSSR . 75 0 2l BE o i Ab 20 3 59 10 4
B, KA ERERRE | SRR IIRE R, SO LA
AR, T4 CKM ZR-GAE 85 1Y O IE S5 5 1)
fEStH . 7ECKM 3 (WIGIRFYED) , H AT
I RO ) 3t 14 %

b. M 12, CT Il & ¥ (computed
tomography angiography, CTA) AV A] 3 i etk 5l
WKESAL VT3 VAR IS RE AL AR, AR Pl N T B

E 1 4r Mr  (artificial intelligence quantitative
computed tomography, AI-QCT) XJEEHAF . 24
S A A TR AL, I PR Sl Dk ok A s Ak
DRSS (ASCVD) MIZWi L SCHEF B ™,
fil4n, ISCHEMIA R, AI-QCTHARXS 3 7114
I S SR N S = RN =S S KTl K= 8-
(coronary computed tomography angiography,
CCTA) KGHAT T, KM EREHARR o HZ
o B AR AR ) 500 A AE T 50 LA B8 XU
BEMKE (KK (HR) =1.56, 95% CI 1.25~
1.97). MbAh, AL-QCTZEA KA E S, W%
Pem TXRCIEFE RGeS (6 H B AUC A
0.637 #2 71 % 0.688, P=0.006), 7 H]H#E CKM &5
AE 3 3 AT ARG B G I R CVD R
(A2 MRS . ZEHTFE SO AE=50%) s

c. BMERAAL . R Bl CT kil B /NeR A4 |
(SN =1 iea i e 5 27 S ot G AR 3 b i 9T
ol A S B R CKD UERE ' B Joi 74 e '
S L A o

d. JFMERAR . R . CT. WAL dR iR e
ZWrAET RS PR PR (non-alcoholic fatty liver
disease, NAFLD) wR¥EEEAEM, i Hl i itk
A% (e 3 4PE i 4% FibroScan) 1] Jo A PEAS FF
WELT AL B2, 1 NAFLD & CKM £S5 fE p B 3
PR LRI
232 IIRETHALHOR A BUEAN(E

a. /0 Jili D3 68 M 3 (cardiopulmonary exercise
testing, CPET). i U A 45 S0 i PPAL O i3 g
CKM Zi-GAiE 4 3 £ 7 WA (R 1% 4 W 5 PRI, HL M
2188 PR BE T REA 2 5 60 i D B 1 67 T 52 )
S e IR R

b. AR S MRS T AL . A WIS
JoE 5y 2 B BT AE £, a0 W o < ER - A A OB
(triglyceride-glucose, TyG) 8%k, JzmfCiff 25l
R, TyGHREUT =5 CKM ZE Skt e i 2 AH G,
P R H AT AR A B 5 ZR AR L R A PO
24 SDoHEERTEEEHA

SDoH J& i fit 5 T /4= 41 41 (World Health
Organization, WHO) & XA “HEZEBURKNEZ
Gh, AR R EEAR S A TS TAERREE A
fEFEEmER", WA . BEF. F5. 8.
FEX RS, 5 CKM £5-5 iE#F A7 70 1 2% OCHK
TN 53 2R R DIALAL O A o g . BT 38
[ 5 il B 5 % 3% W & (National Health and
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Nutrition Examination Survey, NHANES) ) K#E
AN, Kl FEWAMREE AL 2 N
() CKMZEG BRI (3~4 11)  RE IXURG: f 38 T
H 2o PE b AR R 5 25 KU G R 28 i B, i
i B 5 & 3% )] &% (China Health and Nutrition
Survey, CHNS) ##Ex, RIKAFLE E K
SEAH) SDoH B F [AlFE 5 CKM Z5A4iE AU 52 1 AH
XK, iXE—LUESE SDoH 7 [ K [ A HA
B H AW Yy sg T

R EA AL T H R G EAL 2 7Y SDoH X
B AERE, AT A AR T sh A AR T IR A
a. IR 5 R AHE . #1040 J 0 A (0] B& 22 6 4>
A, i so mERETEN R (TyGHa%k. s
&) KEREB bR &Y (UACR); b. B A4
SHEBEATRES  IEFAS SR,
KA ICG Wil 75 5 7 IR A e Lo MR A/l s A
A b0 B D 0 A 50 i DI BETEAG (40
CPET), JfHEG 5 A BEVTHL o

FFEIESE, Rt 2 3 & LA R F] SDoH PR 2 fiff
540 CKM Z5 5 1IE AU G 11 36%, TR S A A 784 42
I AR S 5 GRS 2 XU 4323 A A 0 T AR
P S A 177 S Y AN D s R R SR (3410
HEYIbR Y (U NT-proBNP ., e Bk 854k PE43) 2%
G, B YRS AR, U X BT R R R
Z M X HEA T XRS5 S A PR AR

25 EEOHENES (AHA) SHMERGEREZ

AHA £ X} CKM ZEA TR 6 E 1 43 B B 0ifi 25 i
e, DASZERXT A R XU AR ARE AT B MRS T
P L, BN 21 B DL ARE, A A
FEEHAEIEA SO, A e, JE U A
RHEMNI DR VRAE, THBEIS IR . BN
GBS IAL . FRET OB 517 R fd
FE 1 SDoH i #r , LA K 43 4F 0% B 47 25 16 1t A ks
W, RAEIo~11 % ] 17-21 B & —K, HFGELR
HM2 BT R eAh, A O~11 2 BTG 55 A8 i
B OB OB 2T A 1 N R R S AL
R R B 23 A WF 21 8 UL ARE,
BT 0 4Y SDoH, BMI B, I CKM 44
5300 Wi A AR ER G AE (2 W RAE—k, 1
AT R BE DR S 2~3 4F 1R, O 3~54F 11K).
B IFREIRR . BRI BT a2 R AR B P 2
o7 A 1~2 438 15 FIB-4 48 $505 25 18 i AH O i 30 B
L YE4k, [RIIAK 8 KDIGO 43 BATEAL B I sh e (2
WL ERA VR, mRS AR %) . H AR 10 4F
ASCVD U Al % &btk sh ik s Ak i A, 3L+
AR B RS PE il ad JE A B Bl L ICG L. PPG ERZE
Yrbr 0 A G RO 5, (H S & i B = B A A
e s E N AMIFSE A AR T 4 iR A T S 5
FEAS TR B B i N FH L o A A Ak T TR A TR
i (£3).

Table 3 Screening strategy for CKM syndrome
R3 CKMEATESHATHE R

RIS i 75 5 H i AT A [ REWARPREIEL AN &%
1% a BEILEMEGE LR/4E BMI DI
ABE b, MRS TR E: 3% 1 /4 I ToRBG R L R FRE. B
A ARSI R 993 A5 A P J S ) L2
o LBEAMT A@ERERAE 1R/ SDoH i B ILE
d. 7% A I A O~ S AR, 17~21% F K I RS SR JLEE, B CVDEUR Kk s E [ B 1
R A s 2% I i KR L
e. FIEMMOGTT/HbA e/ 9~11% ¥ Ui 4R IEH #2~3 MbE. MM a. I Es e LE
ALTAE EEE Thek
>21%  a. SDOHffix IR SDoH P BT BN
ABE b AEFURBCRUERENE 1A BMI+Z ] T BN
c. RRUNLEAAEITEE 0]: 3~54F; 1#]: 2~34F; 2 RN IELERE ol (EERFZE): 14 (CKM LE4E
Wl 1RAE YREEIRGE S5 2 (CKM 23D
d. MASLDW AT 4L, BF 1~24F FIB-445 %4 W BRI 0 DR T /=2 R A G e D 2
i
e. KDIGO 7 1 1Fiti 2HALL b 1O m A UACRHILENLEF/BEMIZEC 28LL ECKM RS mKDIGO R #
fOEIRE IR L i A BRI CTATRIRBI KA PESr B EE104EASCVD AR E  (5%~20%)
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w4 B ]

i 22 7 IR R BB AT

i
A 437 RIVS =3 i
05 A AR o R B R L

BT AR FE AR 7, BT OB E/PPG/ACG/CMIE RF 5 U AT

AWbREY)

BMI: 1AEHE (body mass index); SDoH: th& ik Z A& (Social Determinants of Health); OGTT: i 2 M fif 2 il 56
(oral glucose tolerance test); HbAlc: FEfLMZLFE 1 (hemoglobin Alc); ALT: NRAMA L EF (alanine aminotransferase) ;

MASLD: X i} T 88 41 3¢ Jig Wi ¥ BF % (metabolic

(fibrosis-4 index) ; KDIGO: B [F¥ % i3 3R Wi )5 24 440 (Kidney Disease:

dysfunction-associated

disease) ; FIB-4: £ 4 k-4 35 #
Improving Global Outcomes); UACR: JRH &

steatotic  liver

FI-JJLEF A (urine  albumin-to-creatinine ratio) ; CTA: I HLKIZEH M4 & ® (computed tomography angiography); ASCVD:
SRR AL MO AP (atherosclerotic  cardiovascular  disease); PPG: YGHL AR L (photoplethysmography); ICG: BH#T.L3h

4 (impedance cardiography) .

26 REMNERNS N TEEES

J TR CKM £ G AR #EA T HE 8 AU 53 2 5 L
BT, FARFHE T IMES ST RN TR RS2
ol XU PSS 76 3o ARSI AR 3 5 A ) 4 B g XL
W R 2, S TR A R ok XURS: Y A AR T Al
(FR4), BEEZ A2 WH R 56 KSR 0 5 i
Wi,
2.6.1 FTFAEGG kg T

a fEGE N T H. . 7E CKMZEAHEZWih, 1%
S T AR S S 2 R R T AR . Hd,
CVD Tl T 3= ZEARFE A [ 48 B 72 00 S AR AU
W f 7 %, 1 SCORE-2/0OP, SCORE-2D,
- BN %) 7 # (pooled cohort
equations, PCE) DA} China-PAR &5 ¢ 46T

Framingham

FARPEA 4+ X ASN B, dd s ARSI
SVRTEREE Wi R RERIRTRGL . BERR s . )
SRS SEAR G, SR WA K 10 457 (400 1L A5 4 XL
B, R R 36 O R 2R S HEFE ) PCE B AL, 7EAN
[ A ) R o e AR e 47 LA g o ) 2 ¢
R, g AU Tl T L 3= AR 5 [ 5 g i
G236 KDIGO 2024 Il R A6 R B0 1% T Hd
o s PR & ULEF . (albumin-to-creatinine
ratio, ACR) 1 5 /)N Bk & i % (glomerular
filtration rate, GFR) 48 n 47 KB 70 )20 Y4
ACRIET 30 mg/g (83 g/mol) H GFR k3 al i
60 ml/(min-1.73m?*) B}, Wi7R & CKD MR XU ;
1M ACR #f . GFR 8 W i 75 & 5w 19 #s

J)_(L ﬁ [9, 49, 65-66]0

Table 4 Comparison of risk prediction models related to CKM syndrome

F4 CKMEZAEHEXXBE TR b

RS IR el ks G REBAF)D FEAE THMZ R PEREFEbR

Pooled Cohort ~ ZEilEM L& H ZANEE S (ARIC, 4F#. M. Ak, & 10EASCVDRK:  AUROC 0.78 (95% CI
Equations CHS %) ; fEA X PAF Cln JHFEEE. HDL-C. U4 0.77~0.79)
(PCE) 17 Rochester Jit 179 %~ W H , n= &, FEEIEIT FEIRE

30 042) HEAT AN BRIE W SR
SCORE-2/OP 81 giiffiftl Rz b ABE (A5NBABI, 21 W PRS0 o4 )5

104ECVDAR:  AUROC 0.63~0.67 (95% CI

70/ N FEZAHEBASI S JEHDL-C. W 0.61~0.69)
s
China- G A Z P E Y], FEARE: PCEA®E+BMI. . 104EASCVDRS:  AUROCH 140.794 otk
PAR [57 711 CKB. CHNS, fE£18.577 NHIBL 2= ik 0.811 CHE ABFIIE)
B H B AIE
PREVENTHK:  Sril#iA! Zi& 46> KALL L& 455 BL %] PCE % 0 % & +eGFR.  104F/304ECVDA AUROC#%:1%0.794

JiFE [67]

Biobank. KNHANES
KFDeep [72-73]

BERAF] (n=934) HAMIRIGIE

CRFEARZ6007 ), f8EM UACR. o ERZE K (ASCVD+HF)
BA % 4 #5 . NHANES. UK (SDoH)

REESES] 7 )% 80 M Hb X CKD # 3% HER  eGFR. UACR. IfilJE.
A (=4 587); TEALIKFE—E HHAE

(1010.763~0.809); 1k
0.757 (1010.727~0.778)

CKDiftJE (%
HRITE D

AUROC 0.946 (95% CI
0.922~0.970) CPHEEIED
AUROC 0.81 (95% CI
0.763~0.847) (HMERIGAL)
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srk4
I 42 Eyr] FAR IR Oof N AFD A TR 5 PEREFE bR
Hello Heart PLEeES] RS 1274 i R M. DFL 2910 90 d/365 d.La ML AUROC 0.81 (90 d);

XGBoost [ it mHealth SEHR - & 4

SR/ 5 R T f RREARFALL

AR AUROC 0.82 (365 d)

ARIC: X 3l Jik ik #EAE £k XURS: WF 58 (Atherosclerosis Risk in Communities Study) ; AUROC: Zid & TAEFRAFE < F AL (area under
ROC curve) , JTI Tt A0 X 73 o XU S5 A XU ARER BE 1, IREYE IO 0.5~1.0, 3@ H>0.8088 “R4F", 0.70~0.8024 “AI#E3Z";
CHS: UM HEMFSY (Cardiovascular Health Study) . CI: {5 [X[d] (confidence interval); CKB: F[E 5% iE P 444 (China Kadoorie
Biobank) , B v [ 8 P95 Ay IS PEAF 5T s CHNS: o [E (g 5 % 37 84 (China Health and Nutrition Survey) ; EHR: H Ffd HE#4 %
(electronic health records) ; HDL-C: 5% & 5 2 (A [ % (high-density lipoprotein cholesterol) ; IQI: PU4r{i i (interquartile interval) ;
KNHANES : i [ [# Rt 58 3784 (Korea National Health and Nutrition Examination Survey); mHealth: #zfifd5¢ (mobile health), &
MBS ERA (RTINS HAE B M55 ; RochesterfiA 7i“# W H : Rochester epidemiology project, i T-3%EH]J¢
TRIRMI—I ] BT AL X BT id skt 0 H ;. UK Biobank: JEEAYFEAEE (United Kingdom Biobank ), — iR (1 4= ) = 2%
BGEFIMFIE 9305 ; XGBoost: HBRESEHET; (eXtreme Gradient Boosting), — =it b BE H2 THIL SRR S o

b. ZE 4 W T. . ——PREVENT KU 75 % .
PREVENT (Predicting risk of cardiovascular disease
EVENTs) J& AHA JF % 1) —~8 8 CVD XU Tt
BAY, B TE SR T AG AR SR 10 4FF0 30 4F-1Y
ASCVD. HF FLEMR CVD KUK 7, %7 LT 46
ASRILCMAE LS R B REEA &8 600 1) F
% L BAIE, 3 A A L2 Y A AT R W FN SDoH,
AR T TG R B s iR R e .
FEAAEL S AEEY . PR I IR RO TR
B L A e GFR 1 UACR 25 15 A4 S
SR, W HARfE T CKD YK H 2R 32 5 20%~
30% 7o JE AT 30 AR T XURS: TR AR AL, AT AT ALK
43 10 48 XU 1 5 (H ELAA TR A/ B a4 1 & 8
AME, XA T CKM ZEAAE 2 ) (R
SRS ) 1) 3 NG R B ) 2k U8 9 G B psp
W3 AR AT [ TR ASCVD ., HF R H&E &
45)5 (ASCVDHHF) 3 Flilfi R 5 0 & Az AU 787
X A e KU ARE (CVD XU =20%) , 1%
A AT 8 T R T, an d eI Bl bk A Ak
(coronary artery calcification, CAC) P-4 T I
PR 8 ok o R R AL ARSI, 5330 43 NT-proBNP 4= ) 5
B AT WG R O = A (RN,
PREVENT Jy 48 52 71 B A e 28 1 T 99 A4t 25 3035
FEB, FEZ2 0 B b R B T A KU DA 2
PR, R S E Sy S B o T B R R
IV ZH T
2.6.2  HETHLAR T BB T AR A

FEFHLAS 2= 2T 0 S TATRC R T KU PEA,
TR LR . SRR LG, Pl
Jrdnets i s BT R 2 HARMOCR,, TR
IR PO AR YE . S ASER A PL A TE T H BRI S0
AP R, M AR A oB R L, S AR AU

VAGERHEA J1 58y, IHe S EA S TR ER AR 43
R T

5], KFDeep (kidney failure deep-learning)
A R — ) MR ) S A TR ) T B
T P ER M L IX 4 587 44 CKD 4 1) £ 5 EHR %
P (f145eGFR, UACR, Ifiiff. HzZyL4%), did
FRSEAE L2 ) SCRT T RS P50 o A2 R IE BA S
(917 %4 #8.3#% ) ', KFDeep ] AUROC ik % 0.946
(95% CI 0.922~0.970), FEJLHURZASE —EEBEAh
RIS UERAS] (934 #4H8#) T AUROCHH#%E0.805
(95% CI 0.763~0.847), BT FIEHAMERS
BEFY (ANEEF Cox [HI AT ) 1737 A o ph £ Rk
5 2R 40 BT 19 35 B KFDeep 76/ A XU [ F 41 2
A R AR AEPE R R RO, HUb 3 ) ok i R
(SHapley Additive exPlanations, SHAP) #¢fiF 8 %
P HT A eGFR | IfiLJE K UACR A £ 1Y 5Tk

— S SE WEIF £5 F A R A L2 > AR ]
T4 B XU T2 41 Hello Heart 35 H 9 XGBoost-
ML AR, #4201 TR AE (I . D3 LT
735 mHealth SEHF B SE ), FIAE 90 d 5365 d NHfE
A 0NN v AL R8O LA S IS % 7 AR A
TESIEAE Th AUROC 43 51353 1 0.81 #10.82, 7EIX
23 W AN 150 3 ASCVD KU RS 5 ifi £ T PCE il
PREVENTALHY 7 gbah, @ Rpak Wl 25 y0iayr
D ER iU R S AN =y o R ) e I R e D v
W, BB KRBT AT TR, VLS R IR YT AL
USRI, R AT LR R i 2 ) R A
W ERE AR, A B FSesi AR EY Y, DAL
BRSNS AERIVERT . B BT Bds AN
WAl SRR ARELL L, LA S s T
TRSRIAE AR CKM £ A AF 45 P oA 28 R ok i
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FERE,
3 REERE

CKMEZEHIEE N —Fh 2 RG A HAER 2 5
PEBR AT, A BB B s 7 L 2 se ZE L
WERR IR S8 . RAE S SN . O B I sh 112
A K N 2 SRR 25 Z 4G IR . W fa AR
HAEYE R RIfE 222 FR0F, 177 SDoH i35 52 M5
Wt EE R . TR, CKMZESME A2 ki AR
WA TEZENRE.: EUnEWKENH (WNT-
proBNP, UACR. SII. Klotho &) B &I T
L B R I A AR SRS R IR A
(MZPW K PPG, ICGHA) L sh PG HE A
MG sh F12E 55, URA T AL GE i W AR AR
PRI s R F SR EOR (W1 AI-QCT .,
Oifaahidse) 456 N TR, ST AV ESS
S5 DIRe S5 1 R A, AHA RS
W B i Ar 5645 Sz SDoH 2 & X o 2 BRI , i
& NIRRT AL A T PRt TR ek YE . 3L T1%
GGt KBS T T H. (41 PREVENT J5##) F
HLES2A I FER (40 XGBoost .1 ) il 34 A
Bt S 2BART T WIE PRA R0 5 R XU T
M RCRE -

JRAE CKM 2 W ik 0 B A & ke, BT
i Z Pk

a. I A 5 WG R AE R . CKM Z5 Gk
B B TORER , BUA 0 A B A i 45 Dy R
A B A AR A BUBHEA R4 T . AoRFR iE
— i AU R B A iR B (Cns A
MG RNA UL 1), IR R SRS E
i GEAR. Dhee. M) MRERS, DISCHlEs
HER R . Ak, A FBOM ISR . 5%
FE M PR sh S12FAE A . WG PR O B D RERER AR )R
BRARR. Blin, PPGEARSZiEshihi . &k T
o, BREEFERERN, SEEMELTRE, il
MAESEC bk 5 SR Fe2 4R AR E
SRS, ICGH AR BETAIPHY.OIIRE, A
KGR B 52 a7 B AR AR Ak R s P A
TRERER T, FEAESIFRK ™ AR
BB A R PTRERHERS, R L EIRE NI
PR RS IR S ot 5 10— 2B 56

b. SDoH 34 5 AV fk . SDoH X %5
HEJR RS20 1 A T8 T A I RUSR TR, BT
VAT B I THERR 22 5% . AR A HIE T4 IX

2o IMEM 4, T & PriE{k SDoH &4k T H.
Frah A ] FER A SE R I A 51T MR &K, HEsh
i R ) ] Bt HRl, 38 3 XU S
FERIGN PCE, PREVENT (P 4f 40 A 423 XU R 26
(MAFEAKF . FKEWA), AR A S 208
AT BRI R AU TS A R 25 . SR s, R
454 SDoH [H 2 A B L AR AR AR, 55 SR A 3000
A AV RS, TS S e T w7
I, SDoH %l 5%, k. 17 MEHRE I TR
AR, R TR A R A

c. NTARE S sh SR IR IRFEfb . BUA HLAR
2 )RR B A P AER M L R P, (HT R
PR B AHEEE M R R SE AT R B0 E . R iE
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Abstract Cardiovascular disease (CVD), chronic kidney disease (CKD), and metabolic disorders are the 3
major chronic diseases threatening human health, which are closely related and often coexist, significantly
increasing the difficulty of disease management. In response, the American Heart Association (AHA) proposed a
novel disease concept of “cardiovascular-kidney-metabolic (CKM) syndrome” in October 2023, which has
triggered widespread concern about the co-treatment of heart and kidney diseases and the prevention and
treatment of metabolic disorders around the world. This review posits that effectively managing CKM syndrome
requires a new and multidimensional paradigm for diagnosis and risk prediction that integrates biological insights,
advanced technology and social determinants of health (SDoH). We argue that the core pathological driver is a
“metabolic toxic environment”, fueled by adipose tissue dysfunction and characterized by a vicious cycle of
systemic inflammation and oxidative stress, which forms a common pathway to multi-organ injury. The at-risk
population is defined not only by biological characteristics but also significantly impacted by adverse SDoH,
which can elevate the risk of advanced CKM by a factor of 1.18 to 3.50, underscoring the critical need for equity
in screening and care strategies. This review systematically charts the progression of diagnostic technologies. In
diagnostics, we highlight a crucial shift from single-marker assessments to comprehensive multi-marker panels.
The synergistic application of traditional biomarkers like NT-proBNP (reflecting cardiac stress) and UACR
(indicating kidney damage) with emerging indicators such as systemic immune-inflammation index (SII) and
Klotho protein facilitates a holistic evaluation of multi-organ health. Furthermore, this paper explores the pivotal
role of non-invasive monitoring technologies in detecting subclinical disease. Techniques like multi-wavelength
photoplethysmography (PPG) and impedance cardiography (ICG) provide a real-time window into
microcirculatory and hemodynamic status, enabling the identification of early, often asymptomatic, functional
abnormalities that precede overt organ failure. In imaging, progress is marked by a move towards precise,
quantitative evaluation, exemplified by artificial intelligence-powered quantitative computed tomography (Al-
QCT). By integrating AI-QCT with clinical risk factors, the predictive accuracy for cardiovascular events within 6
months significantly improves, with the area under the curve (4UC) increasing from 0.637 to 0.688,
demonstrating its potential for reclassifying risk in CKM stage 3. In the domain of risk prediction, we trace the
evolution from traditional statistical tools to next-generation models. The new PREVENT equation represents a
major advancement by incorporating key kidney function markers (eGFR, UACR), which can enhance the
detection rate of CKD in primary care by 20%-30%. However, we contend that the future lies in dynamic,
machine learning-based models. Algorithms such as XGBoost have achieved an AUC of 0.82 for predicting 365-
day cardiovascular events, while deep learning models like KFDeep have demonstrated exceptional performance
in predicting kidney failure risk with an AUC of 0.946. Unlike static calculators, these Al-driven tools can process
complex, multimodal data and continuously update risk profiles, paving the way for truly personalized and
proactive medicine. In conclusion, this review advocates for a paradigm shift toward a holistic and
technologically advanced framework for CKM management. Future efforts must focus on the deep integration of
multimodal data, the development of novel Al-driven biomarkers, the implementation of refined SDoH-informed
interventions, and the promotion of interdisciplinary collaboration to construct an efficient, equitable, and
effective system for CKM screening and intervention.

Key words cardiovascular-kidney-metabolic (CKM) syndrome, biomarkers, non-invasive monitoring
techniques, imaging and functional assessment, social determinants of health (SDoH), risk prediction models,
artificial intelligence (Al)
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