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Fig.1 Research flow diagram
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FHRRAENS 58 B — R R A R SR
R G5 SR, BRAR , Sk B BE 55 N B R4 v A
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KB SRAZIHE Cox H B XU B RLPEAl CKM
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K1 SEENERE (%), 1+ ]
Tab. 1 Baseline characteristics of participants [ n (%) , ¥=+s |

Characteristics Q1(<6.8 pmol/L)  Q2(6.8-<9.3 pmol/L ) Q3(9.3-<12.3 umol/L )  Q4(>12.3 pmol/L ) P value
Participants 12 228 12 008 12 064 12 001 /
IBIL (pumol/L) 4.98+1. 39 8.04+0.72 10. 69+0. 87 16. 41+4. 25 -
Age (years) 52.49+13.49 52.32+13. 12 52.37+13. 10 52.10+12.91 0.092 2
Male 8 853(72.40) 8 733(72.73) 9 416(78.05) 10 160(84. 66) <0. 000 1
BMI (kg/m?) 25.21+3.55 25.05+3.43 25.08+3. 44 24.93+3.33 <0. 000 1
HDL-C (mmol/L) 1. 48+0. 47 1. 56+0. 51 1. 59+0. 68 1. 60+0. 53 <0. 000 1
LDL-C (mmol/L) 2. 40+0. 96 2.52+0. 88 2.55+0.90 2.53+0. 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 3 862(31.58) 3 826(31.86) 3980(32.99) 4 057(33.81) 0. 000 6
Current drinker 3 468(28.36) 3704(30.85) 4 411(36.56) 5049(42.07) <0. 000 1
Physical activity 1005(8.22) 1331(11.08) 1537(12.74) 1 680(14.00) <0. 000 1
Hypertension 5323(43.53) 5081(42.31) 5286(43.82) 5345(44.54) 0.005 6
Diabetes 1351(11.05) 1 254(10.44) 1281(10.62) 1253(10.44) 0.0370
Dyslipidemia 5701(46.62) 5544(46.17) 5 664(46.94) 5236(43.63) <0.000 1
Fatty liver 5012(40.99) 5052(42.07) 5251(43.53) 5265(43.87) <0.000 1
Family history of CVD 313(2.56) 362(3.01) 382(3.17) 326(2.72) 0.018 9
Anti-hypertension drugs 1331(10.88) 1366(11.38) 1550(12.85) 1495(12.46) <0. 000 1
Hypoglycemic drugs 432(3.53) 426(3.55) 471(3.90) 398(3.32) 0.101 9
Lipid-lowering drugs 85(0.70) 58(0.48) 77(0. 64) 62(0.52) 0.099 5
CKM stage <0.000 1

0 855(6.99) 994(8.28) 950(7.87) 1028(8.57)

| 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) 8 918(74.31)

3 771(6.31) 631(5.25) 598(4.96) 545(4.54)

R2 CKMEHIE0-3HEES5E IBIL 53 4 XU #I KB
Tab.2 Association between the IBIL and stroke risk in participants with CKM stages 0-3
Case/Total Matlel 1 P value Vodel 2 P value
HR (95% CI) HR (95% CI)

IBIL (per 1 pmol/L) 2 904/48 301 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) 0.040 8 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 0.021 8 0.030 8

trend

M P)L CKM ZEA AR BHTET T 43 2 AT i B T I 3
(938 HAE I ZLE (P ooy <0.05) o ELARTI 5, 78
CKM ZEA1E 0 199 % 2 ) A, IBIL K P 5 A v X
I 5 B 0 3 A R AR P £ AR S A # (P<0. 05) 5 %
(IR ERE i) EAF SUE S ESIES

2.4 FE-RMEXRESHT 2 HELWEEN RCS H
BAFEAL 0~20 umol/L 5 [l 4 IBIL 7K 5 2 v & 9 X
W Z IR e 2, IRl 4R o R A bR 227 Il T IBIL
I PN BR R HRAH . SEER R LR 43 7R HR
B H195% CI, 4y % CKM £ 4 1iF 0-3 1 5 {4 A
B REIEAT A &5 50 WoR 78 CKM Z8 B 1iF

0-3 HH A A TEFN O 1 28 2 5 A b, 17 TBIL /K-
55 R ) g AU B A 1] 2 1 DG R (P <0, 05,
P> 0.05) o SR, 76 CKM ZE G AE 3 W AREH 1%
KFR I U B MR, 487 A B ARt ¢
B (P ,x<0. 05, P 14<0. 05) . WLIE 2 & 3.

2.5 BIERRAH  EFXF CKMZEAAE 3 B,
i — 20 2R Y BR800 53 B ) LT IBIL 7K -5 %%
T RUBS A2 2 0GR o ARZRE M1 B Y R ) S G
(9 %5 41 45 o 10. 980 pmol/L. 24 Ifil i IBIL>10. 980
umol/L I, 7K -4 T 85 1 pumol/L, 2 H XU 38 0 2
5.7% (HR=1.057,95% CI: 1.009~1. 107, P<0.05) .
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®3 SESWIBIL 5EZEHRRKEZ BEHX R
Tab.3 Stratified analyses of the association between
the IBIL and stroke risk

Characteristics ~ Case/Total ~ HR (95% CI) per 1 pmol/L P value F for.
interaction
Age (years) 0.704 4
<60 1798/36 781 0.994 (0.983-1.005) 0.2493
>60 1106/11 520 0.978 (0.964-0.992) 0.002 1

Gender 0.742 0

Female 405/11 139 0.998 (0.974-1.030) 0.904 0
Male 2499/37 162 0.986 (0.977-0.995) 0.002 9
Smoking 0.176 6
Yes 1 065/15725  0.991 (0.977-1.005) 0.226 4
No 1.839/32576  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) 0.039 0
2 2292/35799  0.988 (0.979-0.998) 0.020 9
3 343/2 545 1.010 (0.987-1.033) 0.559 6
1.500¢
1.412 Pror voera=0-010 6
P =0.3362
_%a 1325 for nonl
B
2 1.237
pa 1.150
8 .
X 1.063F
v
S
§ 0.975
0.888F HR
95% CI
0.800 1 1 1 1 1 1 1 1
25 50 75 100 125 150 17.5 20.0
IBIL levels (umol/L)
B2 CKM&EME0-3#i% 4GS 5EIBILKES
e XU A RCS Bh & 947

Fig.2 RCS curves of the relationship between IBIL and
stroke risk in participants with CKM syndrome stages 0-3

i 7E 1ML 7% IBIL<10. 980 pmol/L i BBl P , A< Wi 4% 5]
FORHR(P=0.348 6) o X BULSR LR B0 45 SR S5 T
LRI R IITFAE (P apunn<0. 05) o TEILFE 4,

3 itig

A g 1 /i RE PR BAS 08, 1 A CKM 254
TEO-3 I AFE R RS /R T LG IBILKE- 58 & 4
H XU 22 )77 8 20 SR 10 G A =X, A B A A
2T ZAE O A5 QB T B UL 1 R0 T B
e .

BOE A AR 5 s A T IEL 2T A ol 9 TR B AR

AR FRRT O 10 100787 1) PT R R AP VR P AL G2 v XU 1Y)
KRG, H ZHOEEAE 1 SR R sloB
SIS . AR R A N FE A A R R
L1 KPR RN R 47100, 1 B T o8 DU ] g
WL A AR T . BEAh  BIFSE R ILE TBIL S
g0 AU 2 U U i 4R DG I o LA B J2& | IBIL
PR i V85 P AR, 910 ) 200 B S o 2ot 4 Ak D 1 T
RETT LB SR, o 2 IF S AR A 3 T R AR
BF sl R SIS XS G AT 40T, /D% AN ) fede B
RASTF 0 A AR HEA TR HE

ARBEFE B T OIBIL (4 G M B 3 1
CKM 70 WHRRAE o ZE AR A AH X B 479 CKM 0-2
HIHE, IBIL 7K 78 42 BEYE [l -5 20 v KU S A
AR G, AP LR S P SR IR E T . SR,
TEE A IFI B E N CKM 3 AR b, X Fh e &
Tl 70 Shy i R ) U Rl 2 A 800 A3 BT IR 2
10. 980 pmol/L Ay KU 4 477 A, A 8 I /K J5 IBIL 5
Arp AU S TE AR DG . 3k — A b B2 7 | IBIL
VA1 TR 3 S 45 A R 1 e A AR e IR A5 i A7
fif i o VA IAZT 25 BB A A i g o IR 2 1 0 4R
FE 2, 2 T = B B 2T 28 /K SF-h ] R 7= A T TR 2
PEVER . A ISR R, BT R T A 2l
FAR K P35 ELA 0 e A e RURGE o AT AN« 7
CKM FL AR B, A2 2 %) IF AR ) BE vT RE A 1BIL 4%
DAVA UG i S AR o Bl 9 i e
F CKM 3 #7, 5 A RE r FC 5 25 AL 5 W e i IR T e
BB R RS AR LT R A . I, R T
(19 IBIL R BE$ 7~ HE M 52 BH sl i 21 22 A G i, O
FE 0 40 M B B B 114 S 1 AR 453 40 5 T 1 37
T3 AR YO, X 5 R AR A AT P IR AT R AT
JHF 88 - e 5o LA XS 18 00 ) G A T R

AHFFE A5 B, 6 F CKM 0-2 3 3%, Wl
I 2 RF 38 B 09 IBIL K P 53 R AE hy 2565 100 B 5 e
) —3R 43 . HUR, X T CKM 3 8 , BF 5% 4 7R i
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Association between serum indirect bilirubin and stroke risk in

individuals with stages 0-3 cardiovascular-kidney-metabolic syndrome
Wu Chuanchang', Chen Shuohua®, Zhang Zhenhua', Wu Shouling
(" Department of Infectious Diseases, The Second Affiliated Hospital of Anhui Medical
University , Hefei 230601 ; * Department of Cardiology, Kailuan General Hospital, Tangshan 063000)

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 (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) re-
gression 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 pmol/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 <0.05). In individuals with stages 02 of CKM syndrome,

higher IBIL levels showed a significant inverse association with stroke risk (P

interaction

< 0.05) ; however, no such asso-

trend

clation was observed in stage 3 patients. RCS regression and threshold effect analysis further revealed a nonlinear
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relationship between IBIL levels and stroke risk in stage 3 CKM patients (I-’]“g_mm,mmd ..<0.05). When serum IBIL
exceeded 10. 980 pumol/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 correlation between serum IBIL and stroke
varies across different stages of CKM syndrome, showing a significant negative association in individuals at stages \
0-2, while in stage 3 patients, it exhibits a threshold effect with an inflection point at 10. 980 umol/L.

Key words indirect bilirubin; oxidative stress; cardiovascular diseases; stroke; cardiovascular-kidney-
metabolic syndrome ; prospective cohort study
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