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A R R R, REME =A% (RCS) [mlHAG 50 7 - S N R B o REL 80N 23 B B A 7
EWAEERIER R R GR 245 Cox FIASITER, EBAENEY, IBIL KFRET 5
1 pmol/L, 25 KUK F#{%4) 1.2% (HR=0.988, 95% Cl: 0.979~0.996, P<<0.05) . IBIL 5%
o XU PR SR AT AL 2 2 (1) CKM 0 ISE HAE AT (Possen<0.05) o £ CKM ZEA1IE 0 1% 2 1]
NHEH, IBIL 7K 5 20 rp XU 523008 25 1 SO DG 3 (P-»<<0.05) ¢ ZRTW, 7E 3 W
AMELF LB ICHK . RCS [81VA Sz BIAA BN 73 M ik — 47, /£ CKM ZRE1iE 3 W35, IBIL
P52 G RARRE R R (Poaswnse<0.05) 5 IfiLiE IBIL>10.980 pmol/L I, 7K FH:THE
1 pmol/L, Frh X% 5.7% (HR=1.057, 95% Cl: 1.009~1.107, P<<0.05) . & Ifi
I IBIL 52 A SSEAE CKM ZE S HEAN A 73 I AR 22 57, 78 0-2 I N b B2 B 25 BURH 5K,
TMAE 3 B H U 2 ILLL 10.980 pmol/L 9457 s i BIE 2.
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Association between serum indirect bilirubin and stroke risk in individuals with
stages 0-3 cardiovascular-kidney-metabolic syndrome
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Abstract Objective To systematically evaluate the association between serum indirect bilirubin

(IBIL) levels and the risk of stroke incidence in patients with cardiovascular-kidney-metabolic
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(CKM) syndrome stages 0-3. Methods A total of 48,301 participants with CKM syndrome stages
0-3 were included, during which 2,904 stroke events were recorded. A prospective cohort study
design was employed. Cox proportional hazards regression models were used to analyze the
relationship between IBIL and stroke risk, and restricted cubic spline (RCS) regression was
applied to examine the dose-response relationship. Threshold effect analysis was conducted to
identify potential inflection points in nonlinear relationships. Results Multivariable Cox regression
analysis showed that in the overall population, each 1 umol/L increase in IBIL level was
associated with approximately a 1.2% reduction in stroke risk (HR = 0.988, 95% CI: 0.979-0.996,
P < 0.05). A significant interaction was observed between IBIL and CKM stages in relation to
stroke risk (P-interaction < 0.05). In individuals with stages 0—2 of CKM syndrome, higher IBIL
levels showed a significant inverse association with stroke risk (P-trend < 0.05); however, no such
association was observed in stage 3 patients. RCS regression and threshold effect analysis further
revealed a nonlinear relationship between IBIL levels and stroke risk in stage 3 CKM patients
(P-log-likelihood ratio < 0.05). When serum IBIL exceeded 10.980 umol/L, each 1 pmol/L
increase was associated with approximately 5.7% increase in stroke risk (HR = 1.057, 95% CI:
1.009-1.107, P < 0.05). Conclusion The protective effect of serum IBIL against stroke exhibits a
significant CKM stage-dependent pattern, with its predictive value varying based on individual
metabolic status.
Key words indirect bilirubin; oxidative stress; cardiovascular diseases; stroke;
cardiovascular-kidney-metabolic syndrome; prospective cohort study
Fund programs Natural Science Foundation of Anhui Province (No. 2108085MH298)
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AR B IR OO A S P AR ) R, 2 E 0 E B & CAmerican heart
association, AHA) M0 Ifil -5 E-Li 2R &1 (cardiovascular-kidney-metabolic Syndrome,
CKM) JE X y— Al 382 R G0 Ty RERRAT T 19 In-Co o 1L 8 XU IR 25 5k, RN
O (cardiovascular disease, CVD) . 18955 (chronic kidney disease, CKD)
AR5 2 M E 222 HAEHE ., CVD 7E CKM ZEAMERIIG IR i dB kg e o 3 Sy, 28
RREE WIEREMZ —. MiESIEL K (total bilirubin, TBIL) HIEEAHLE (direct
bilirubin, DBIL) FAEAHL &K Cindirect bilirubin, 1BIL) f4p%. AL 2 AT @ HTE L N
PUTAE 2 P iZ Ik SAEPE B T AR ORI AE T, ARECT DBIL, IBIL W] BER I H B2 2 BT



Rl B SRE, IBIL AR R ER, fE—@iEE NS CVD MR R
. SR, HATKT IBIL £ CKM ZEEAEANFEH ORI ERT,  Re il e Houk A6 o XU o 7
FERZ, Tk Z ZGPERITEFIESE « 20T 7 B AE 0BT CKM ZRG1E 0-3 HIAREH IBIL K15
A RS OC 2R o I IPAEANE CKM 23317 F IBIL TR A, Bn] A S0 ) & i
LB o i A Vs AR
1 MRSk
11 B RIEFRE N R

AHIFAE IR B T BRI ST R . JTEERASI ZEMHS . ChiCTR-TNC-11001489) /&
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Fig.1 Research flow diagram
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& Im RIS KRBT R BT T, B DR 1) 36 Y 28 AR ATl P o 2 i) 25 1) A 25 T
T, O NHGETH 25 WHRGER] FEe . SR SCHRRREE . AN H WA @ 4
W7 R BAT AL : AR ORI SR HRTED B AR
/RUG . WP WEBHSER (R <1 R 1~2 Kk 23 50 % @ Bk M
200 AFEBVESR . BEIRE . MRS S L AR b O UBE SRS S A SR S
DA B IRZ . BefRZ. Fepl 2525 Wil SOl . Frf a4 H S TR & RIE, RAR
I B FE AN U
1.3 AfLIRiriie

DR SIS S A N A5 SR AERA I, T IO RAER MLAT 7 2 8 h DAE . SR [a]
G —ZHHEX H 5 R 7:00—9:00, H& b R AT ER KL . HLAE R AR 5 3 RTIE 22 5000 =8,
£ 3 000 r/min 2578 &0 10 min, 7 B IS Ja BEAT RN 20 A o SRAG S A I T H R LTS AH 2L
4, BAFEEZEREAMEERE Chigh density lipoprotein cholesterol, HDL-C) . k%5 /&
e EHEEEE (low density lipoprotein cholesterol, LDL-C) . & JH[EEE (total cholesterol,
TC) « =Wt Hwh Ctriglyceride, TG) . fmift C M EKH Chigh sensitivity C-reactive protein,
hs-CRP) . Z i Ifil # (fasting blood glucose, FBG) . IMLALETE . 1 F H S5z H 354k 2 HriX (7600
automatic analyzer, HZARHZAFD X MEAEAZ TR, HA Mg TBIL A1 DBIL AR
HRAMTEIE, 1BIL @ THEAF 1 (TBIL- DBIL) o #h4h, BALHF 7 R R A s kb
PUA BURPREEAR,  PRIBUFEASTE FF B e B e A0 S5 5 A5 FH PR3 T4 (N-600 Y, KA e i
YT RHEABR AR BEATAI .
1.4 B4y 5E X HIPPAG

S )it 2454k (body mass index, BMID B TH8E 77 84 i & (kg) Br LA =75 (m3 .
ML RIS WA AE 7 & DL AT R — B, O B3R i L s s @ IEfEHEZ i il
JE¥RTT: @ Ua4iE (systolic blood pressure, SBP) >140 mmHg; @ 4F5KJ% (diastolic blood
pressure, DBP) >90 mmHg. ¥R IZWitrdE N & UL MER—T0 © BRMWEHPER
P @ IETERZEREAYT; B FBG>7.0 mmol/L. I fig5# M2 Wik 7T & L M T
— Il @ TC>5.2 mmol/L; @ LDL-C>3.4 mmol/L; @) HDL-C<1.0 mmol/L (51£) #<1.29

mmol/L (ZtE) 5 @ TG>1.7 mmol/L; & HIKIA MAETHHE; © ELEMHFEIEZY.



BT i USRI 25 5, AR 2 B I i AT W = & 14 Cchronic kidney disease epidemiology
collaboration, CKD-EPI) 24 2R 5 th il B /N ER IS % (estimated glomerular filtration rate,
eGFR) . & REAFEERMSE R, HWIE 2012 45 Ik ik E 43R4 R (kidney disease:
improving global outcomes, KDIGO) fHE§%EIL, # CKD 44 4 AN RUSEZHIC: R,
PR+ 7o RS AN AR 1 XU o ARIETZE & E (metabolic syndrome, MetS) ({2 Wik N FF & LR
2/ 30 © BEEF>90 cm, ZMEFEE>80 cm; @ JiE HDL-C<1.04 mmol/L, 1%
HDL-C<1.29 mmol/L; 3 TG>1.7 mmol/L; @ SBP>130 mmHg #1/5% DBP>80 mmHg A1/5k i
FERZPREMERTT; 6 ZMEIHE>5.6 mmol/L. 4RI & AR RIBE>1 2, I
[k 14F, HAE 25 1 4E 9 B IREIMLEE N R TG E SO IR R G GRS &
FEId 50%) =100 mL, (AR 145, HAED 2 1A SIS 5. IR EED)
(=30 min/P) BIMIE (BEE <3 TR\ 23 10, BRI N AR ERR . CVD S5 5 5E X

SRS RIS BE 20 1 NGBS W A OB SEE AR
1.5 CKM ZR&1ERI4 3

M AHA R B, CKM ZEEIER > AA FIIIBT B, A\ 0 3131 4 #1121 0 SIRARFE
RAHA CKM [N 3R, 3 CKD SULIGA CVD ()%, BMI JER . Mo, k. i
FRYIAE T IE RS 1 W SONEB E (BMI>23 kg/m?). I #AE (L MM >80 cm, T3 14 i
>90 cm) B IR 7 41 2R T e bt (s R I 5 I & 52 93 5o PR T, FBG>5.6~6.9 mmol/L),
THAMA G F ZK 8 CKD. 2 W15 SCNAFAEARB G R 3R (LR 57 . wilils . MetS. b
PRIE) B H e KUK (¥ CKD. 3 #i5E SURTEIR R CVD, LR AR o ] 2 ik o o A A 1 o0 1 5%
9o IR T (China-PAR)AS B O 52 (1 5y CVD XU AR i UK CKD Mk 4 B IR
CVD M, AHFFTH e HER .
1.6 ZRFAMEVTHITEAL

BE V545 RN R A . AN 2010 SEARREXT 2 5EATHY, BEE MBI
T (BURRAEFE N , BB VI#ZE 2022 45 12 H 31 H. W TR B REim kbl A
HHREENZS 5, KRB RN EIC SO R ] f45E, S BIEE 55 N\ R #
S W AT AR [T Y s = B AR L T B2 DR 8 R BE B N B K12 W, DR (8 2. JETfE R
KEHEFRANOGHH A ERSETEY .
17 Gt

MRAEWLEE XS G s IBIL KPR 3 AL 0 AT 704, LEALS o L A BE LR IR . A2 X
BRI HR LR, FFEIES MR ERA X £s %R, HIA BRI #RER
i 25, ARIER A A B R Ao DU 0 Az 8RR, 2RI HLBCR A Kruskal-Wallis £



FIRES . 2R ER A n(%) R, AIRLECRAFRIRLE (e . RAZMHEE Cox
1) XU [T VA ASE RSP L35 IBIL K5 4 b R R AR S, T BLXUR: B (hazard ratio,
HR) K3 95% B 1= X 7] (95% confidence interval, 95%CI) . BL%Y 1 o N AE#S RO 5] A8 & ik
ITUR%E . B 2 AERRY 1 BeRh BRI T BMILL HAETIRMIRGL . SRR A F
%, MEWIAT. HDL-C. LDL-C. hs-CRP. CVD FJEH. 54 HtE L. 73 B/ Hr LLITA
AN Z AR ) — B, GAEMER . AR SR GRIRGL . S AT AR LA CKM
Sy SRR =14 (restricted cubic spline, RCS) XJ IBIL 7KF- 5 75 v 5 XU 2.
) (5% ZR M 2R BEAT 437, Forb RATRUSIRL 2 AR e A B A B R 88 . Oy 7 IR BRI AE (AR R ¢
Ry MATRAEBPL T BT 535 M8 SAS 9.4 (SAS Institute, Inc, Cary, NC) SGiil-#if+
IR # A (version 4.2.0)HE4T . SRFIUMIALR:, P<0.05 A% RAH Gt %= Lo
2 GR
2.1 BFFEX R IEEARHAE

LA 48 301 BIRFE NIEARHERILERT R, FEVERDY 18~95 (52.32#13.15) %, 5
P EE 76.94% (37 162/48 301) , FPALBEVIET Ry 11.88 4. HRAEILIE 1BIL /K5 A
fiE, LA 25% A% (6.8 umol/L)  HAZ%L (9.3 umol/L) F1 75% 43 H7 % (12.3 umol/L) AN
FHUE, BRI 4 NEHH (QL-Q4) #ATIRE M. Bauit¥atr, 4 AR
%l. BMI, HDL-C. LDL-C. hs-CRP. WRHH. 1. A& Basnze. NRWiHT. & i & A0 ig
FEIERRAE . BRI ERBRAA T CVD KL SN HGFAEREER (P<
0.05) o SR AARLL, #im o ML AL B 5t R LU RRAE: Bk flE R, HDL-C
A LDL-C /K-Por, i . Mariiimlss . AR0m 0 thliem, el A iR i i
SRR, T BMIL LSRR R R hs-CRP KFRHK. BAREURVENE 1.

R 1 25FERHRELIEN(%), XS]

Tab.1 Baseline characteristics of participants [n(%), XS]

Q1 Q2 Q3 Q4
Characteristics P value
(<6.80 pumol/L) (6.80-9.30 umol/L ) (9.30-12.30 umol/L ) (>12.30 umol/L)

Participants 12 228 12 008 12 064 12 001 /
IBIL (umol/L) 4.98+1.39 8.0420.72 10.69:40.87 16.4134.25

Age (years) 52.49+13.49 52.32413.12 52.37413.10 52.10412.91 0.092 2
Male 8 853(72.40) 8 733(72.73) 9 416(78.05) 10160(84.66)  <0.000 1

BMI (kg/m?) 25.2143.55 25.0543.43 25.0843.44 24.9343.33 <0.000 1



HDL-C (mmol/L) 1.4840.47 1.5640.51 1.5940.68 1.6040.53 <0.000 1
LDL-C (mmol/L) 2.4040.96 2.5240.88 2.5540.90 2.5340.85 <0.000 1
hs-CRP (mg/L) 1.53(0.70-3.46) 1.32(0.69-3.00) 1.21(0.60-2.82) 1.10(0.50-2.63) <0.000 1
Current smoker 3862(31.58) 3826(31.86) 3980(32.99) 4057(33.81) 0.000 6
Current drinker 3468(28.36) 3704(30.85) 4 411(36.56) 5049(42.07) <0.000 1
Physical activity 1.005(8.22) 1331(11.08) 1537(12.74) 1 680(14.00) <0.000 1
Hypertension 5 323(43.53) 5081(42.31) 5286(43.82) 5 345(44.54) 0.005 6
Diabetes 1 351(11.05) 1 254(10.44) 1 281(10.62) 1 253(10.44) 0.0370
Dyslipidemia 5 701(46.62) 5 544(46.17) 5 664(46.94) 5 236(43.63) <0.000 1
Fatty liver 5 012(40.99) 5 052(42.07) 5 251(43.53) 5 265(43.87) <0.000 1
Family history of

313(2.56) 362(3.01) 382(3.17) 326(2.72) 0.0189
CVvD
Anti-hypertension

1331(10.88) 1366(11.38) 1550(12.85) 1495(12.46) <0.000 1

drugs
Hypoglycemic

432(3.53) 426(3.55) 471(3.90) 398(3.32) 0.1019
drugs
Lipid-lowering

85(0.70) 58(0.48) 77(0.64) 62(0.52) 0.099 5
drugs
CKM stage <0.000 1
0 855(6.99) 994(8.28) 950(7.87) 1028(8.57)
1 1565(12.80) 1597(13.30) 1458(12.09) 1510(12.58)
2 9 037(73.90) 8 786(73.17) 9 058(75.08) 8918(74.31)
3 771(6.31) 631(5.25) 598(4.96) 545(4.54)

2.2 BRI IBIL KP-52 0 R 5 R 1 5SBE

K2 FE Cox HLf KUK F VA BRI P f5 CKM £ & 4iE 0-3 1% ik A FErh i 1BIL /KT
A R R R . 2V ZR R RS, B 1 CEERESIARY) AIREZY 2 (SE4xif s
B )RR IBIL K52 i R B2 U OC (P<<0.05) o fERLAL 2 1, IBIL KP4 T &
1 pmol/L, Zer kA= XU FEIKZ) 1.2% (HR=0.988, 95% Cl: 0.979~0.996, P<<0.05) . IBIL
ACEV o £ 1o s, DA Ar 20 (QL) NZMR, B IBIL KT, &H X

B BETRBEY. Q2 4 HR=0.929 (95% CI: 0.838~1.029) , Q3 21 HR=0.894 (95% ClI:



0.806~0.992) , Q4 #1 HR=0.850 (95% Cl: 0.760~0.950) , ¥ a6 2 FA it %5 X (P-
#5<0.05) . W 2.
R 2 CKM L& 1E 0-3 a5 IBIL 54 XK KBk

Tab.2 Association between the IBIL and stroke risk in participants with CKM stages 0-3

Model 1 Model 2
Case/Total P value P value
HR (95% Cl) HR (95% CI)
IBIL (per 1 pmol/L) 2904/48 301 0.989 (0.981~0.996) 0.004 0 0.988 (0.979~0.996) 0.004 7
IBIL quartiles
Q1 770/12 228 1.000 (Ref.) 1.000 (Ref.)
Q2 726/12 008 0.909 (0.821~1.007) 0.068 0 0.929 (0.838~1.029) 0.156 5
Q3 712/12 064 0.899 (0.812~0.996) 0.0408 0.894 (0.806~0.992) 0.0352
Q4 696/12 001 0.853 (0.770~0.946) 0.002 5 0.850 (0.760~0.950) 0.004 1
P-trend 0.0218 0.0308
2.3 AR

KM AR Z KR Cox L KUK [l A BB HEAT IR R A AN S HAE R 0 (L3R

) o GIREIR, FEUMER . R (BL60 % N5« WRAIRGUAN IR BE 1T 70 2 e, 1

T IBIL 7K 26 b s KU B AH SR PR AE TR AR e >60 % . Btk ARIROAE AN R0 5 .20

hERAGH R (P<0.05) , HARWERAZ HAER RN . EHAESERZ, HLL CKM £

SR WIHEAT o E o e, I T B BSE HAE IR (Posresy<<0.05) o EAKTIF, 7E

CKM ZRG 4L 0 3128 2 WA, IBIL 7K-F 5 A v KU 2 L. 35 A0 77 B O DA ke 3 (P-
15<<0.05) ; SRTM, 7£ 3 WIHH FARUWE D RPICHK.

£ 3 R4 IBIL 5 A REZ A R

Tab.3 Stratified analyses of the association between the IBIL and stroke risk

Characteristics Case/Total HR (95% CI) per 1 umol/L P value o
interaction

Age (years) 0.704 4

<60 1798/36 781 0.994 (0.983~1.005) 0.249 3

>60 1106/11 520 0.978 (0.964~0.992) 0.002 1

Gender 0.7420




Female 405/11 139 0.998 (0.974~1.030) 0.904 0

Male 2 499/37 162 0.986 (0.977~0.995) 0.002 9
Smoking 0.176 6
Yes 1 065/15 725 0.991 (0.977~1.005) 0.226 4
No 1839/32 576 0.985 (0.974~0.996) 0.007 4
Drinking 0.942 3
Yes 996/16 632 0.988 (0.974~1.003) 0.107 1
No 1908/31 669 0.987 (0.976~0.998) 0.018 5
CKM stage 0.046 9
0 77/3 827 0.938 (0.882~0.996) 0.036 9
1 192/6 130 0.984 (0.975~0.998) 0.0390
2 2 292/35799 0.988 (0.979~0.998) 0.020 9
3 343/2 545 1.010 (0.987~1.033) 0.559 6

2.4 FIB-RPRRIHT

iz H 52 AR RCS BB 0~20 umol/L YEH Y IBIL 7KF-5 26 H A 05 XU 2 1] F) 9%
R, IRt 2. BARAR RIS MLTE IBIL KT, PABFREIR HRAE. SEZMRE 2 730 7R HR
fEF1 95%Cl. 73 7% CKM £3-&1iE 0-3 HLER AN K& SN AREHAT 104 . 85 oK, £ CKM
ZRAAE 0-3 HAEA NHEAN 0 A 2 HIAHEF, 3G 1BIL 7K 25 Hb (R 5003 IRUI: 52 £ i) 2 14
K (P-4#<<0.05, P-pxx>0.05) o #R1Mi, 7E CKM Zi&1iE 3 WIABEH, ZXREH U Bt

LRARFE, PERAAE T EMAEL MRS (P-x#<<0.05, P-441:<0.05) . WK 2. Kl 3.



B 2 CKM 441 0-3 1%tk 2 53 IBIL KF5FEFH XK RCS LT
Fig.2 RCS curves of the relationship between IBIL and stroke risk in participants with CKM

syndrome stages 0-3

&l 3 CKM ZZ&1E 0 §i(A). 13(B)s 2 H(C)f 3 HI(D)Z E# IBIL KFEXEHRKH RCS
#H £ 73 HT
Fig.3 RCS curves of the relationship between IBIL and stroke risk in participants with CKM

syndrome stage 0 (A), stage 1 (B), stage 2 (C), and stage 3 (D)



2.5 BIEMNAHT
EXS CKM ZREAE 3 WINRE, k0 R A BB RN 73 B4R 00 1L IBIL /K15 26 v XU
R R o ARLME RIS H B 25 34T 208 10.980 pmol/L. 41filjF 1BIL>10.980
umol/L i, 7K PAEFF# 1 pmol/L, A rp KUK %) 5.7% (HR=1.057, 95% Cl: 1.009~1.107,
P<<0.05) . MifEILE IBIL<10.980 umol/L Y& [H P, RUWELH|EEKCE (P=0.3486) . 4L
AR LA 45 RS HF T AR Z M R RIAFAE (Powawnie<0.05) o TENLEK 4.
K 4 CKM LA 1E 3 BiS 5510 1BIL 535 RS I BRME 308 4347

Tab.4 Threshold effect analysis of IBIL and stroke risk in participants with CKM Stage 3

HR (95% CI)
Model P value
per 1 pmol/L

Linear effect 0.993 (0.970~1.017) 0.559 6

Nonlinear effect

Turning point (umol/L) 10.980
< Turning point 0.976 (0.927-1.027) 0.348 6
>Turning point 1.057 (1.009~1.107) 0.0020
P for Log-likelihood ratio 0.0306
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