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[bookmark: OLE_LINK6]Supplementary Table S1. Methods for evaluating each CKM stage

	CKM syndrome stages1
	Definition

	Stage 0: No CKM risk factors
	Participants with normal body mass index (BMI, <25 kg/m2 or <23 kg/m2 if Asian ethnicity), waist circumference (<88/102 cm in women/men or <80/90 cm in women/men if Asian ethnicity), normoglycemia (fasting blood glucose [FBG] <100 mg/dL, glycated hemoglobin [HbA1c] <5.7%), normotension (systolic blood pressure [BP] <130 mmHg, diastolic BP <80 mmHg), normal lipid profile (triglycerides <135 mg/dL), and no evidence of chronic kidney disease (CKD) or clinical/subclinical cardiovascular disease (CVD).

	Stage 1: Excess or dysfunctional adiposity
	Participants with elevated BMI (≥25 kg/m2 or ≥23 kg/m2 if Asian ethnicity), elevated waist circumference (≥88/102 cm in women/men or ≥80/90 cm in women/men if Asian ethnicity), or prediabetes (HbA1c 5.7%-6.4% or FBG 100-125 mg/dL), without the presence of other metabolic risk factors or CKD.

	Stage 2: Metabolic risk factors or moderate-to-high-risk CKD
	Participants with metabolic risk factors or moderate-to-high-risk CKD per KDIGO guidelines. Metabolic risk factors included elevated triglycerides (≥135 mg/dL), hypertension, diabetes, or metabolic syndrome (≥3 of the following: elevated waist circumference, low HDL [<40 mg/dL for men, <50 mg/dL for women], elevated triglycerides [≥150 mg/dL], elevated BP [systolic ≥130 mmHg, diastolic ≥80 mmHg], or prediabetes).

	Stage 3: very-high-risk CKD or subclinical CVD
	Participants with very-high-risk CKD (KDIGO criteria)2 or high predicted 10-year CVD risk (based on Framingham risk score) 3.

	Stage 4: Clinical CVD in CKM
	Participants with self-reported established CVD (coronary heart disease, angina, heart attack, heart failure, and stroke).


1CKM syndrome stages were determined according to the AHA Presidential Advisory Statement on CKM Syndrome.
2CKD risk stage was defined using eGFR and urinary albumin–creatinine ratio categories as per KDIGO guidelines; Very high-risk CKD was characterized by either Stage G4 or G5 CKD (GFR < 30 mL/min/1.73 m²) or a classification of very high risk based on KDIGO guidelines, determined by GFR and urinary albumin-to-creatinine ratio; eGFR was calculated from serum creatinine using the CKD-EPI equation; Urinary albumin–creatinine ratio was calculated by dividing urinary albumin (mg) by urinary creatinine (g); 
3In accordance with AHA recommendations, the 10-year CVD risk, was calculated using the Framingham risk score. High risk was defined as ≥20% 10- year CVD risk (based on recommended thresholds [https://professional.heart.org/en/guidelines-and-statements/prevent-calculator]).

Abbreviations: BMI, Body Mass Index; CKD, chronic kidney disease; CKM, Cardiovascular-Kidney-Metabolic; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; KDIGO, Kidney Disease Improving Global Outcomes.

[bookmark: _Hlk197633062]Supplementary Table S2. Baseline characteristics of US cancer survivors according to the CKM Syndrome (stage 1 to stage 4)

	Characteristics
	Patients with CKM syndrome
	
	
	
	

	
	Total
(N =2274)
	Stages 1
(N = 205)
	Stages 2
(N =1084)
	Stages 3
(N = 352)
	Stages 4 
(N =633)
	P 
value

	Age (years)
	63.53(0.39)
	53.13(1.26)
	60.03(0.49)
	77.64(0.35)
	70.39(0.55)
	< 0.001

	Age group (%)
	
	
	
	
	
	< 0.001

	<60
	576(35.24)
	116(62.52)
	372(44.27)
	5(1.02)
	83(16.24)
	

	≥60
	1698(64.76)
	89(37.48)
	712(55.73)
	347(98.98)
	550(83.76)
	

	Sex (%)
	
	
	
	
	
	< 0.001

	Male
	1076(42.97)
	79(36.89)
	428(38.03)
	216(55.62)
	353(51.61)
	

	Female
	1198(57.03)
	126(63.11)
	656(61.97)
	136(44.38)
	280(48.39)
	

	Race and Ethnicity (%)
	
	
	
	
	
	0.010

	Non-Hispanic White
	1554(85.33)
	132(83.53)
	700(86.06)
	270(88.28)
	452(83.17)
	

	Non-Hispanic Black
	311(5.65)
	18(3.53)
	155(5.39)
	39(5.08)
	99(7.69)
	

	Mexican American
	180(2.58)
	18(3.34)
	106(2.87)
	19(2.05)
	37(1.74)
	

	Other Race
	229(6.44)
	37(9.60)
	123(5.69)
	24(4.59)
	45(7.40)
	

	Marital status (%)
	
	
	
	
	
	< 0.001

	Married/Living with partner
	1414(67.04)
	152(80.83)
	699(69.25)
	215(60.39)
	348(57.76)
	

	Never married
	118(4.50)
	17(6.19)
	66(5.36)
	7(2.29)
	28(2.68)
	

	Widowed/Divorced/Separated
	742(28.45)
	36(12.98)
	319(25.39)
	130(37.32)
	257(39.56)
	

	Education level (%)
	
	
	
	
	
	< 0.001

	Less than high school graduate
	538(15.41)
	28(5.85)
	216(12.46)
	98(20.79)
	196(24.78)
	

	High school graduate or GED
	555(24.67)
	55(27.88)
	260(22.99)
	86(25.79)
	154(26.33)
	

	Some college or above
	1181(59.93)
	122(66.27)
	608(64.55)
	168(53.41)
	283(48.89)
	

	PIR, mean (SE)
	3.18(0.05)
	3.78(0.11)
	3.34(0.07)
	2.85(0.10)
	2.64(0.09)
	< 0.001

	PIR, n (%)
	
	
	
	
	
	< 0.001

	≤1.3
	560(16.47)
	37(10.80)
	259(14.48)
	70(14.35)
	194(25.17)
	

	1.3∼3.5
	937(38.02)
	59(22.97)
	412(35.47)
	185(54.70)
	281(43.87)
	

	>3.5
	777(45.52)
	109(66.23)
	413(50.05)
	97(30.95)
	158(30.96)
	

	Smoking (%)
	
	
	
	
	
	0.003

	Never
	1011(44.71)
	105(48.84)
	514(47.11)
	169(48.45)
	223(35.08)
	

	Ex-smoker
	929(39.31)
	68(34.53)
	402(36.01)
	157(42.48)
	302(48.06)
	

	Current-smoker
	334(15.97)
	32(16.63)
	168(16.88)
	26(9.07)
	108(16.86)
	

	Drinking (%)
	
	
	
	
	
	0.120

	No
	340(11.84)
	22(9.78)
	164(10.59)
	58(15.04)
	96(14.30)
	

	Yes
	1934(88.16)
	183(90.22)
	920(89.41)
	294(84.96)
	537(85.70)
	

	BMI (kg/m2)
	29.10(0.15)
	28.26(0.46)
	29.48(0.24)
	27.92(0.36)
	29.24(0.33)
	< 0.001

	BMI category (%)
	
	
	
	
	
	0.020

	<25
	615(27.32)
	52(25.22)
	280(27.63)
	121(30.61)
	162(26.10)
	

	≥25, <30
	821(35.43)
	95(45.81)
	370(33.22)
	133(39.09)
	223(33.30)
	

	≥30
	838(37.25)
	58(28.96)
	434(39.15)
	98(30.30)
	248(40.60)
	

	Hypertension, n (%)
	
	
	
	
	
	< 0.001

	No
	747(37.92)
	205(100.00)
	335(33.84)
	79(21.66)
	128(22.36)
	

	Yes
	1527(62.08)
	0(0.00)
	749(66.16)
	273(78.34)
	505(77.64)
	

	Diabetes mellitus, n (%)
	
	
	
	
	
	< 0.001

	No
	1568(74.41)
	204(99.55)
	801(78.55)
	197(54.11)
	366(61.22)
	

	Yes
	706(25.59)
	1(0.45)
	283(21.45)
	155(45.89)
	267(38.78)
	



Data are shown as the weighted mean ± standard errors or proportion as appropriate.
Abbreviations: CKM, Cardiovascular–kidney–metabolic syndrome; BMI, Body mass index




[bookmark: _Hlk199685858]
[bookmark: _Hlk219029755]Supplementary Table S3. Sensitivity analysis of the association between CKM Syndrome stage and all-cause mortality among US cancer survivors, without imputing missing covariates
[bookmark: _Hlk204368502]
	Variables
	Event/no.
	Model 1
	
	Model 2
	
	Model 3
	
	Model 4
	

	
	
	HR (95%CI)
	P value
	HR (95%CI)
	P value
	HR (95%CI)
	P value
	HR (95%CI)
	P value

	All-cause mortality
	679/1784
	
	
	
	
	
	
	
	

	CKM Syndrome stage
	
	
	
	
	
	
	
	
	

	Stage 1
	20/149
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	

	Stage 2
	208/852
	 2.426(1.374, 4.283)
	0.002
	1.726(1.034,2.882)
	0.037
	1.505(0.910,2.489)
	0.111
	1.519(0.921,2.506)
	0.101

	Stage 3
	157/276
	11.597(6.681,20.131)
	<0.001
	2.806(1.637,4.807)
	<0.001
	2.192(1.310,3.668)
	0.003
	2.136(1.287,3.547)
	0.003

	Stage 4
	294/507
	10.873(6.369,18.561)
	<0.001
	3.976(2.351,6.725)
	<0.001
	2.945(1.781,4.867)
	<0.001
	2.910(1.770,4.785)
	<0.001

	P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	Non-advanced stages
	228/1001
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	

	Advanced stages
	451/783
	5.143(4.197,6.302)
	<0.001
	2.193(1.729,2.782)
	<0.001
	1.852(1.496,2.292)
	<0.001
	1.811(1.466,2.237)
	<0.001



Abbreviations: CKM, Cardiovascular–kidney–metabolic syndrome; HR, hazard ratio; CI, confidence interval; PIR, Poverty Income Ratio.
Model 1 was unadjusted
Model 2 was adjusted for age, sex, and race/ethnicity.
Model 3 was adjusted for age, sex, race/ethnicity, marital status, education level, and PIR.
Model 4 was adjusted for age, sex, race/ethnicity, marital status, education level, PIR, alcohol intake, and smoking status.


[bookmark: _Hlk197674302]Supplementary Table S4. Sensitivity analysis of the association between CKM Syndrome stage and cardiovascular mortality among US cancer survivors, without imputing missing covariates

	Variables
	Event/no.
	Model 1
	P
	Model 2
	P
	Model 3
	P
	Model 4
	P

	
	
	HR (95%CI)
	value
	HR (95%CI)
	value
	HR (95%CI)
	value
	HR (95%CI)
	value

	Cardiovascular mortality
	173/1784
	
	
	
	
	
	
	
	

	CKM Syndrome stage
	
	
	
	
	
	
	
	
	

	Stage 1
	4/149
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	

	Stage 2
	30/852
	 2.775(0.989, 7.783)
	0.052
	1.700(0.645, 4.478)
	0.283
	1.559(0.569, 4.268)
	0.388
	1.580(0.576, 4.332)
	0.374

	Stage 3
	42/276
	28.696(11.063,74.439)
	<0.001
	3.779(1.377,10.373)
	0.010
	3.365(1.179, 9.605)
	0.023
	3.332(1.164, 9.539)
	0.025

	Stage 4
	97/507
	31.260(11.428,85.511)
	<0.001
	7.716(2.639,22.562)
	<0.001
	6.530(2.114,20.176)
	0.001
	6.622(2.146,20.434)
	0.001

	P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	0.002

	Non-advanced stages
	34/1001
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	

	Advanced stages
	139/783
	12.492(8.179,19.079)
	<0.001
	3.896(2.225,6.822)
	<0.001
	3.570(2.048,6.221)
	<0.001
	3.572(2.073,6.158)
	<0.001



Abbreviations: CKM, Cardiovascular–kidney–metabolic syndrome; HR, hazard ratio; CI, confidence interval; PIR, Poverty Income Ratio.
Model 1 was unadjusted
Model 2 was adjusted for age, sex, and race/ethnicity.
Model 3 was adjusted for age, sex, race/ethnicity, marital status, education level, and PIR.
Model 4 was adjusted for age, sex, race/ethnicity, marital status, education level, PIR, alcohol intake, and smoking status.



Supplementary Table S5. Sensitivity analysis of the association between CKM Syndrome stage and cancer mortality among US cancer survivors, without imputing missing covariates

	Variables
	Event/no.
	Model 1
	P
	Model 2
	P
	Model 3
	P
	Model 4
	P

	
	
	HR (95%CI)
	value
	HR (95%CI)
	value
	HR (95%CI)
	value
	HR (95%CI)
	value

	Cancer mortality
	225/1784
	
	
	
	
	
	
	
	

	CKM Syndrome stage
	
	
	
	
	
	
	
	
	

	Stage 1
	9/149
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	

	Stage 2
	81/852
	1.518(0.672, 3.430)
	0.316
	1.162(0.521,2.591)
	0.714
	1.017(0.452,2.288)
	0.968
	1.009(0.449,2.269)
	0.983

	Stage 3
	41/276
	4.600(2.029,10.430)
	<0.001
	1.588(0.650,3.879)
	0.310
	1.228(0.502,3.008)
	0.653
	1.221(0.507,2.942)
	0.655

	Stage 4
	94/507
	4.877(2.234,10.646)
	<0.001
	2.210(0.943,5.183)
	0.068
	1.637(0.701,3.825)
	0.255
	1.604(0.693,3.709)
	0.270

	P for trend
	
	
	<0.001
	
	0.090
	
	0.324
	
	0.316

	Non-advanced stages
	90/1001
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	

	Advanced stages
	135/783
	3.367(2.382,4.760)
	<0.001
	1.767(1.088,2.872)
	0.021
	1.488(0.927,2.387)
	0.100
	1.475(0.925,2.351)
	0.102



Abbreviations: CKM, Cardiovascular–kidney–metabolic syndrome; HR, hazard ratio; CI, confidence interval; PIR, Poverty Income Ratio.
Model 1 was unadjusted
Model 2 was adjusted for age, sex, and race/ethnicity.
Model 3 was adjusted for age, sex, race/ethnicity, marital status, education level, and PIR.
Model 4 was adjusted for age, sex, race/ethnicity, marital status, education level, PIR, alcohol intake, and smoking status. 


[bookmark: _Hlk204368439]Supplementary Table S6. Sensitivity analysis of the association between CKM Syndrome stage and all-cause mortality among US cancer survivors with a minimum follow-up duration of 2 years.

	Variables
	Event/no.
	Model 1
	
	Model 2
	
	Model 3
	
	Model 4
	

	
	
	HR (95%CI)
	P value
	HR (95%CI)
	P value
	HR (95%CI)
	P value
	HR (95%CI)
	P value

	All-cause mortality
	708/2023
	
	
	
	
	
	
	
	

	CKM Syndrome stage
	
	
	
	
	
	
	
	
	

	Stage 1
	25/187
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	

	Stage 2
	232/1009
	1.935(1.092, 3.431)
	0.024
	1.285(0.771,2.141)
	0.336
	1.247(0.749,2.074)
	0.396
	1.262(0.760,2.097)
	0.368

	Stage 3
	180/309
	9.836(5.576,17.349)
	<0.001
	1.941(1.127,3.341)
	0.017
	1.830(1.069,3.132)
	0.028
	1.741(1.023,2.963)
	0.041

	Stage 4
	271/518
	8.206(4.734,14.226)
	<0.001
	2.710(1.597,4.598)
	<0.001
	2.514(1.492,4.236)
	<0.001
	2.434(1.458,4.064)
	<0.001

	P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	Non-advanced stages
	257/1196
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	

	Advanced stages
	451/827
	4.932(4.033,6.032)
	<0.001
	1.940(1.567,2.403)
	<0.001
	1.856(1.504,2.290)
	<0.001
	1.768(1.440,2.171)
	<0.001



Abbreviations: CKM, Cardiovascular–kidney–metabolic syndrome; HR, hazard ratio; CI, confidence interval; PIR, Poverty Income Ratio.
Model 1 was unadjusted
Model 2 was adjusted for age, sex, and race/ethnicity.
Model 3 was adjusted for age, sex, race/ethnicity, marital status, education level, and PIR.
Model 4 was adjusted for age, sex, race/ethnicity, marital status, education level, PIR, alcohol intake, and smoking status.



Supplementary Table S7. Sensitivity analysis of the association between CKM Syndrome stage and cardiovascular mortality among US cancer survivors with a minimum follow-up duration of 2 years.

	Variables
	Event/no.
	Model 1
	
	Model 2
	
	Model 3
	
	Model 4
	

	
	
	HR (95%CI)
	P value
	HR (95%CI)
	P value
	HR (95%CI)
	P value
	HR (95%CI)
	P value

	Cardiovascular mortality
	188/2023
	
	
	
	
	
	
	
	

	CKM Syndrome stage
	
	
	
	
	
	
	
	
	

	Stage 1
	5/187
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	

	Stage 2
	38/1009
	 2.765(1.040, 7.352)
	0.041
	1.571(0.629, 3.925)
	0.333
	1.545(0.606, 3.937)
	0.362
	1.538(0.606, 3.903)
	0.365

	Stage 3
	50/309
	26.486(10.340,67.846)
	<0.001
	3.157(1.167, 8.541)
	0.024
	3.114(1.115, 8.695)
	0.030
	3.079(1.099, 8.620)
	0.032

	Stage 4
	95/518
	26.327(9.772,70.933)
	<0.001
	6.177(2.176,17.531)
	<0.001
	6.028(2.025,17.945)
	0.001
	6.049(2.041,17.925)
	0.001

	P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001

	Non-advanced stages
	43/1196
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	

	Advanced stages
	145/827
	10.779(7.047,16.488)
	<0.001
	3.310(1.973,5.553)
	<0.001
	3.277(1.935,5.547)
	<0.001
	3.298(1.964,5.540)
	<0.001



Abbreviations: CKM, Cardiovascular–kidney–metabolic syndrome; HR, hazard ratio; CI, confidence interval; PIR, Poverty Income Ratio.
Model 1 was unadjusted
Model 2 was adjusted for age, sex, and race/ethnicity.
Model 3 was adjusted for age, sex, race/ethnicity, marital status, education level, and PIR.
Model 4 was adjusted for age, sex, race/ethnicity, marital status, education level, PIR, alcohol intake, and smoking status.



Supplementary Table S8. Sensitivity analysis of the association between CKM Syndrome stage and cancer mortality among US cancer survivors with a minimum follow-up duration of 2 years.

	[bookmark: _Hlk218881713]Variables
	Event/no.
	Model 1
	
	Model 2
	
	Model 3
	
	Model 4
	

	
	
	HR (95%CI)
	P value
	HR (95%CI)
	P value
	HR (95%CI)
	P value
	HR (95%CI)
	P value

	Cancer mortality
	205/2023
	
	
	
	
	
	
	
	

	CKM Syndrome stage
	
	
	
	
	
	
	
	
	

	Stage 1
	13/187
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	

	Stage 2
	79/1009
	1.034(0.462,2.314)
	0.935
	0.756(0.341,1.677)
	0.491
	0.748(0.338,1.654)
	0.473
	0.755(0.343,1.664)
	0.486

	Stage 3
	40/309
	3.358(1.458,7.732)
	0.004
	0.940(0.374,2.366)
	0.896
	0.922(0.370,2.299)
	0.862
	0.876(0.363,2.115)
	0.768

	Stage 4
	73/518
	3.087(1.381,6.899)
	0.006
	1.255(0.510,3.092)
	0.621
	1.221(0.500,2.982)
	0.662
	1.158(0.486,2.760)
	0.741

	P for trend
	
	
	<0.001
	
	0.151
	
	0.168
	
	0.228

	Non-advanced stages
	92/1196
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	

	Advanced stages
	113/827
	3.088(2.149,4.436)
	<0.001
	1.463(0.905,2.366)
	0.121
	1.440(0.893,2.323)
	0.135
	1.352(0.857,2.131)
	0.195



Abbreviations: CKM, Cardiovascular–kidney–metabolic syndrome; HR, hazard ratio; CI, confidence interval; PIR, Poverty Income Ratio.
Model 1 was unadjusted
Model 2 was adjusted for age, sex, and race/ethnicity.
Model 3 was adjusted for age, sex, race/ethnicity, marital status, education level, and PIR.
Model 4 was adjusted for age, sex, race/ethnicity, marital status, education level, PIR, alcohol intake, and smoking status.





[bookmark: _Hlk204381621]Supplementary Table S9.  Sensitivity analysis of the association between CKM Syndrome stage and all-cause mortality among US cancer survivors, additionally adjusting for BMI, hypertension, and diabetes mellitus.
 
	Variables
	Event/no.
	Additionally adjusted model
	

	
	
	HR (95%CI)
	P value

	All-cause mortality
	854/2274
	
	

	CKM Syndrome stage
	
	
	

	Stage 1
	31/205
	1[Reference]
	

	Stage 2
	263/1084
	1.193(0.739,1.926)
	0.469

	Stage 3
	206/352
	1.695(1.024,2.804)
	0.040

	Stage 4
	354/633
	2.477(1.525,4.024)
	<0.001

	P for trend
	
	
	<0.001

	Non-advanced stages
	294/1289
	1[Reference]
	

	Advanced stages
	560/985
	1.848(1.490,2.292)
	<0.001


 
Abbreviations: CKM, Cardiovascular–kidney–metabolic syndrome; HR, hazard ratio; CI, confidence interval; PIR, Poverty Income Ratio.
Additionally adjusted model was adjusted for age, sex, race/ethnicity, marital status, education level, PIR, alcohol intake, smoking status, BMI, hypertension, and diabetes mellitus



[bookmark: _Hlk204473902][bookmark: _Hlk204381885]Supplementary Table S10.  Sensitivity analysis of the association between CKM Syndrome stage and cardiovascular mortality among US cancer survivors, additionally adjusting for BMI, hypertension, and diabetes mellitus.
 
	Variables
	Event/no.
	Additionally adjusted model
	

	
	
	HR (95%CI)
	P value

	Cardiovascular mortality
	224/2274
	
	

	CKM Syndrome stage
	
	
	

	Stage 1
	6/205
	1[Reference]
	

	Stage 2
	41/1084
	1.395(0.576, 3.380)
	0.461

	Stage 3
	54/352
	2.882(1.092, 7.608)
	0.033

	Stage 4
	123/633
	5.892(2.125,16.332)
	<0.001

	P for trend
	
	
	<0.001

	Non-advanced stages
	47/1289
	1[Reference]
	

	Advanced stages
	177/985
	3.511(2.162,5.701)
	<0.001


 
Abbreviations: CKM, Cardiovascular–kidney–metabolic syndrome; HR, hazard ratio; CI, confidence interval; PIR, Poverty Income Ratio.
Additionally adjusted model was adjusted for age, sex, race/ethnicity, marital status, education level, PIR, alcohol intake, smoking status, BMI, hypertension, and diabetes mellitus



Supplementary Table S11.  Sensitivity analysis of the association between CKM Syndrome stage and cancer mortality among US cancer survivors, additionally adjusting for BMI, hypertension, and diabetes mellitus.
 
	Variables
	Event/no.
	Additionally adjusted model
	

	
	
	HR (95%CI)
	P value

	Cancer mortality
	277/2274
	
	

	CKM Syndrome stage
	
	
	

	Stage 1
	17/205
	1[Reference]
	

	Stage 2
	99/1084
	0.753(0.359,1.579)
	0.453

	Stage 3
	53/352
	0.898(0.404,1.996)
	0.791

	Stage 4
	108/633
	1.238(0.580,2.644)
	0.580

	P for trend
	
	
	0.050

	Non-advanced stages
	116/1289
	1[Reference]
	

	Advanced stages
	161/985
	1.457(0.971,2.186)
	0.069


 
Abbreviations: CKM, Cardiovascular–kidney–metabolic syndrome; HR, hazard ratio; CI, confidence interval; PIR, Poverty Income Ratio.
Additionally adjusted model was adjusted for age, sex, race/ethnicity, marital status, education level, PIR, alcohol intake, smoking status, BMI, hypertension, and diabetes mellitus




[bookmark: _Hlk218891028]Supplementary Table S12. Landmark analysis of the association between CKM Syndrome stage and all-cause mortality among U.S. cancer survivors

	Landmark time (months)
	Eligible at landmark, n
	Events after landmark, n
	CKM stage 
(baseline)
	Post-landmark
HR (95%CI)
	P value

	All-cause mortality
	
	
	
	
	

	[bookmark: _Hlk218883904]24
	2023
	708
	
	
	

	
	
	
	Stage 1
	1[Reference]
	

	
	
	
	Stage 2
	1.378 (0.859, 2.210)
	0.184

	
	
	
	Stage 3
	1.690 (1.034, 2.762)
	0.036

	
	
	
	Stage 4
	2.212 (1.370, 3.571)
	0.001

	
	
	
	Non-advanced stages
	1[Reference]
	

	
	
	
	Advanced stages
	1.497 (1.24, 1.806)
	<0.001

	36
	1797
	605
	
	
	

	
	
	
	Stage 1
	1[Reference]
	

	
	
	
	Stage 2
	1.491 (0.906, 2.452)
	0.116

	
	
	
	Stage 3
	1.773 (1.057, 2.975)
	0.030

	
	
	
	Stage 4
	2.338 (1.411, 3.875)
	<0.001

	
	
	
	Non-advanced stages
	1[Reference]
	

	
	
	
	Advanced stages
	1.466 (1.208, 1.779)
	<0.001

	60
	1442
	458
	
	
	

	
	
	
	Stage 1
	1[Reference]
	

	
	
	
	Stage 2
	1.555 (0.916, 2.64)
	0.102

	
	
	
	Stage 3
	1.756 (1.012, 3.048)
	0.045

	
	
	
	Stage 4
	2.402 (1.403, 4.113)
	0.001

	
	
	
	Non-advanced stages
	1[Reference]
	

	[bookmark: _Hlk218883592]
	
	
	Advanced stages
	1.429 (1.165, 1.754)
	<0.001



Abbreviations: CKM, Cardiovascular–kidney–metabolic syndrome; HR, hazard ratio; CI, confidence interval; PIR, Poverty Income Ratio.
Adjusted for age, sex, race/ethnicity, marital status, education level, PIR, alcohol intake, and smoking status.


Supplementary Table S13. Landmark analysis of the association between CKM Syndrome stage and cardiovascular mortality among U.S. cancer survivors

	Landmark time (months)
	Eligible at landmark, n
	Events after landmark, n
	CKM stage 
(baseline)
	Post-landmark
HR (95%CI)
	P value

	Cardiovascular mortality
	
	
	
	
	

	24
	2023
	188
	
	
	

	
	
	
	Stage 1
	1[Reference]
	

	
	
	
	Stage 2
	0.847 (0.331, 2.167)
	0.728

	
	
	
	Stage 3
	1.445 (0.559, 3.738)
	0.448

	
	
	
	Stage 4
	2.733 (1.085, 6.882)
	0.033

	
	
	
	Non-advanced stages
	1[Reference]
	

	
	
	
	Advanced stages
	2.553 (1.728-3.771)
	<0.001

	36
	1797
	174
	
	
	

	
	
	
	Stage 1
	1[Reference]
	

	
	
	
	Stage 2
	0.808 (0.315, 2.074)
	0.658

	
	
	
	Stage 3
	1.280 (0.491, 3.338)
	0.614

	
	
	
	Stage 4
	2.620 (1.036, 6.623)
	0.042

	
	
	
	Non-advanced stages
	1[Reference]
	

	
	
	
	Advanced stages
	2.486 (1.668-3.706)
	<0.001

	60
	1442
	125
	
	
	

	
	
	
	Stage 1
	1[Reference]
	

	
	
	
	Stage 2
	0.864 (0.303, 2.468)
	0.785

	
	
	
	Stage 3
	1.309 (0.449, 3.817)
	0.623

	
	
	
	Stage 4
	2.930 (1.040, 8.25)
	0.042

	
	
	
	Non-advanced stages
	1[Reference]
	

	
	
	
	Advanced stages
	2.544 (1.648, 3.927)
	<0.001



Abbreviations: CKM, Cardiovascular–kidney–metabolic syndrome; HR, hazard ratio; CI, confidence interval; PIR, Poverty Income Ratio.
Adjusted for age, sex, race/ethnicity, marital status, education level, PIR, alcohol intake, and smoking status.



Supplementary Table S14. Landmark analysis of the association between CKM Syndrome stage and cancer mortality among U.S. cancer survivors

	Landmark time (months)
	Eligible at landmark, n
	Events after landmark, n
	CKM stage 
(baseline)
	Post-landmark
HR (95%CI)
	P value

	Cancer mortality
	
	
	
	
	

	24
	2023
	205
	
	
	

	
	
	
	Stage 1
	1[Reference]
	

	
	
	
	Stage 2
	0.989 (0.508, 1.925)
	0.974

	
	
	
	Stage 3
	1.061 (0.508, 2.216)
	0.875

	
	
	
	Stage 4
	1.402 (0.701, 2.801)
	0.339

	
	
	
	Non-advanced stages
	1[Reference]
	

	
	
	
	Advanced stages
	1.294 (0.932, 1.796)
	0.124

	36
	1797
	158
	
	
	

	
	
	
	Stage 1
	1[Reference]
	

	
	
	
	Stage 2
	1.006 (0.478, 2.12)
	0.987

	
	
	
	Stage 3
	1.156 (0.507, 2.633)
	0.730

	
	
	
	Stage 4
	1.456 (0.669, 3.168)
	0.344

	
	
	
	Non-advanced stages
	1[Reference]
	

	
	
	
	Advanced stages
	1.339 (0.926, 1.937)
	0.121

	60
	1442
	115
	
	
	

	
	
	
	Stage 1
	1[Reference]
	

	
	
	
	Stage 2
	1.015 (0.429, 2.399)
	0.973

	
	
	
	Stage 3
	1.047 (0.406, 2.7)
	0.925

	
	
	
	Stage 4
	1.41 (0.575, 3.456)
	0.453

	
	
	
	Non-advanced stages
	1[Reference]
	

	
	
	
	Advanced stages
	1.253 (0.814, 1.93)
	0.305



[bookmark: _Hlk219119891]Abbreviations: CKM, Cardiovascular–kidney–metabolic syndrome; HR, hazard ratio; CI, confidence interval; PIR, Poverty Income Ratio.
Adjusted for age, sex, race/ethnicity, marital status, education level, PIR, alcohol intake, and smoking status.


[bookmark: _Hlk219033301]Supplementary Table S15. Sensitivity analysis of the association between CKM Syndrome stage and all-cause mortality among US cancer survivors (CKM stages 0-1 as the reference category)

	[bookmark: _Hlk219031106]Variables
	Event/no.
	Model 1
	
	Model 2
	
	Model 3
	
	Model 4
	

	
	
	HR (95%CI)
	P value
	HR (95%CI)
	P value
	HR (95%CI)
	P value
	HR (95%CI)
	P value

	All-cause mortality
	865/2361
	
	
	
	
	
	
	
	

	CKM Syndrome stage
	
	
	
	
	
	
	
	
	

	Stage 0-1
	42/292
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	

	Stage 2
	263/1084
	1.945(1.184, 3.197)
	0.009
	1.191(0.744,1.906)
	0.467
	1.151(0.718,1.843)
	0.559
	1.125(0.703,1.800)
	0.623

	Stage 3
	206/352
	9.294(5.784,14.935)
	<0.001
	1.898(1.166,3.088)
	0.010
	1.781(1.092,2.906)
	0.021
	1.729(1.068,2.798)
	0.026

	Stage 4
	354/633
	8.737(5.602,13.627)
	<0.001
	2.786(1.745,4.449)
	<0.001
	2.615(1.640,4.169)
	<0.001
	2.467(1.556,3.910)
	<0.001

	P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001



Abbreviations: CKM, Cardiovascular–kidney–metabolic syndrome; HR, hazard ratio; CI, confidence interval; PIR, Poverty Income Ratio.
Model 1 was unadjusted
Model 2 was adjusted for age, sex, and race/ethnicity.
Model 3 was adjusted for age, sex, race/ethnicity, marital status, education level, and PIR.
Model 4 was adjusted for age, sex, race/ethnicity, marital status, education level, PIR, alcohol intake, and smoking status.



Supplementary Table S16. Sensitivity analysis of the association between CKM Syndrome stage and cardiovascular mortality among US cancer survivors (CKM stages 0-1 as the reference category)

	Variables
	Event/no.
	Model 1
	
	Model 2
	
	Model 3
	
	Model 4
	

	
	
	HR (95%CI)
	P value
	HR (95%CI)
	P value
	HR (95%CI)
	P value
	HR (95%CI)
	P value

	Cardiovascular mortality
	226/2361
	
	
	
	
	
	
	
	

	CKM Syndrome stage
	
	
	
	
	
	
	
	
	

	Stage 0-1
	8/292
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	

	Stage 2
	41/1084
	 1.944(0.766, 4.934)
	0.162
	1.059(0.438, 2.560)
	0.899
	1.046(0.429, 2.551)
	0.921
	0.929(0.376, 2.296)
	0.874

	Stage 3
	54/352
	18.600(7.253,47.698)
	<0.001
	2.519(1.036, 6.123)
	0.042
	2.512(1.026, 6.147)
	0.044
	2.042(0.810, 5.147)
	0.130

	Stage 4
	123/633
	20.902(8.450,51.700)
	<0.001
	5.162(2.123,12.549)
	<0.001
	5.104(2.076,12.547)
	<0.001
	4.108(1.589,10.622)
	0.004

	P for trend
	
	
	<0.001
	
	<0.001
	
	<0.001
	
	<0.001



Abbreviations: CKM, Cardiovascular–kidney–metabolic syndrome; HR, hazard ratio; CI, confidence interval; PIR, Poverty Income Ratio.
Model 1 was unadjusted
Model 2 was adjusted for age, sex, and race/ethnicity.
Model 3 was adjusted for age, sex, race/ethnicity, marital status, education level, and PIR.
Model 4 was adjusted for age, sex, race/ethnicity, marital status, education level, PIR, alcohol intake, and smoking status.


Supplementary Table S17. Sensitivity analysis of the association between CKM Syndrome stage and cancer mortality among US cancer survivors (CKM stages 0-1 as the reference category)

	[bookmark: _Hlk219115115]Variables
	Event/no.
	Model 1
	
	Model 2
	
	Model 3
	
	Model 4
	

	
	
	HR (95%CI)
	P value
	HR (95%CI)
	P value
	HR (95%CI)
	P value
	HR (95%CI)
	P value

	Cancer mortality
	277/2361
	
	
	
	
	
	
	
	

	CKM Syndrome stage
	
	
	
	
	
	
	
	
	

	Stage 0-1
	22/292
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	
	1[Reference]
	

	Stage 2
	99/1084
	1.207(0.644,2.261)
	0.557
	0.792(0.430,1.456)
	0.453
	0.723(0.396,1.321)
	0.291
	0.732(0.403,1.327)
	0.304

	Stage 3
	53/352
	3.734(1.928,7.229)
	<0.001
	1.008(0.484,2.099)
	0.983
	0.842(0.411,1.725)
	0.638
	0.842(0.417,1.703)
	0.633

	Stage 4
	108/633
	3.913(2.129,7.190)
	<0.001
	1.457(0.738,2.875)
	0.278
	1.181(0.615,2.265)
	0.617
	1.164(0.618,2.192)
	0.639

	P for trend
	
	
	<0.001
	
	0.024
	
	0.860
	
	0.102



Abbreviations: CKM, Cardiovascular–kidney–metabolic syndrome; HR, hazard ratio; CI, confidence interval; PIR, Poverty Income Ratio.
Model 1 was unadjusted
Model 2 was adjusted for age, sex, and race/ethnicity.
Model 3 was adjusted for age, sex, race/ethnicity, marital status, education level, and PIR.
Model 4 was adjusted for age, sex, race/ethnicity, marital status, education level, PIR, alcohol intake, and smoking status.





[bookmark: _Hlk219119972][bookmark: _Hlk219119923]Supplementary Table S18. Sensitivity analysis of the association between CKM Syndrome stage and long-term mortality among US cancer survivors using Fine & Gray models for competing risk. 

	
	CKM Syndrome stage
	
	
	
	
	
	
	

	
	Stage 1
HR (95%CI)
	Stage 2
HR (95%CI)
	P value
	Stage 3
HR (95%CI)
	P value
	Stage 4
HR (95%CI)
	P value
	P for trend

	Cardiovascular mortality
	1[Reference]
	0.841 (0.364–1.943)
	0.686
	1.464 (0.604–3.547)
	0.399
	2.650 (1.142–6.153)
	0.023
	<0.001

	Cancer mortality
	1[Reference]
	0.769 (0.456–1.299)
	0.326
	0.765 (0.417–1.404)
	0.388
	0.990 (0.567–1.729)
	0.972
	0.227



Abbreviations: CKM, Cardiovascular–kidney–metabolic syndrome; HR, hazard ratio; CI, confidence interval; PIR, Poverty Income Ratio.
Adjusted for age, sex, race/ethnicity, marital status, education level, PIR, alcohol intake, and smoking status.
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[bookmark: _Hlk204204413][bookmark: _Hlk204473949]Figure S1. Schematic diagram of the survival analysis time window for NHANES participants (1999–2018). Abbreviations: NHANES, National Health and Nutrition Examination Survey.
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[bookmark: _Hlk204473966]Figure.S2. Distribution of variables with missing data. Abbreviations: BMI, Body mass index; PIR, Poverty Income Ratio. NHANES, National Health and Nutrition Examination Survey.
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Figure.S3. Kaplan–Meier survival curves illustrating all-cause mortality among U.S. cancer survivors stratified by cardiovascular-kidney-metabolic (CKM) syndrome stages. Abbreviations: CKM, cardiovascular-kidney-metabolic.
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Figure.S4. Kaplan–Meier survival curves illustrating cardiovascular mortality among U.S. cancer survivors stratified by cardiovascular-kidney-metabolic (CKM) syndrome stages. Abbreviations: CKM, cardiovascular-kidney-metabolic.
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[bookmark: _Hlk204474037]Figure.S5. Kaplan–Meier survival curves illustrating cancer mortality among U.S. cancer survivors stratified by cardiovascular-kidney-metabolic (CKM) syndrome stages. Abbreviations: CKM, cardiovascular-kidney-metabolic.

image4.tiff
Strata == Non-advanced stages == Advanced stages

%

1.00

p <0.0001
0.00
0 40 80 120 160 200 240
Survival time (months)
Number at risk

o Non-advanced  stages 1289 1083 784 511 274 140 29
g
\ Advanced  stages 985 666 396 218 88 26 4

0 40 80 120 160 200 240
Survival time (months)




image5.tiff
Strata == Non-advanced stages == Advanced stages

1.00

p <0.0001
0.00
0 40 80 120 160
Survival time (months)
Number at risk

Non-advanced  stages 1289 1083 784 511 274
£
«x Advanced  stages 985 666 396 218 88

0 40 80 120 160
Survival time (months)




image1.tiff
NHANES Follow—up Timeline

A I
B L 3
C L]
D I
g E I
£ B
F I
G —
H I
1 I
J I

NHANES interview date Censoring date (Dec 31, 2019)




image2.tiff
0.06992

uorsuapadAH

Supjowg

[A3] uoneonpg

sy S31RqEI

SMES [eILeN

INg

Ald

Suppuuq

wped

_ uorsuapadAH
— Sunjowg

— [943] uoneanps.

. smI[[aw sajaqeI(]
. SE)S [BIBN

TWd

Ald

I T T T T 1

01’0 80°0 900 00 w0 000

eyep Suissiw jo wesSoysiy




image3.tiff
Strata == Non-advanced stages == Advanced stages

1.00

p <0.0001
0.00
0 40 80 120 160 200 240
Survival time (months)
Number at risk

o Non-advanced  stages 1289 1083 784 511 274 140 29
g
\ Advanced  stages 985 666 396 218 88 26 4

0 40 80 120 160 200 240
Survival time (months)





Appendix  

1

     

2

  Associations of cardiovascular – kidney – metabolic syndrome stages with  

3

  long - term mortality among US cancer survivors: a prospective cohort 

4

  study  

5

     

6

     

7

  Supplemental Table  S 1   Methods for evaluating each CKM stage  

8

  Supplemental Table  S 2   Baseline characteristics of US cancer survivors according to the 

9

  CKM Syndrome (stage 1 to stage 4)  

10

  Supplemental Table  S 3   Sensitivity analysis of the association between CKM Syndrome 

11

  stage and all - cause mortality among US cancer survivors, without imputing missing 

12

  covariates  

13

  Supplemental Table  S 4   Sensitivity analysis of the association between CKM Syndrome 

14

  stage and cardiovascular mortality among US cancer survivors, without imputing missing 

15

  covariates  

16

  Supplemental Table  S 5   Sensitivity analysis of the association between CKM Syndrome 

17

  stage and cancer mortality among US cancer survivors, without imputing missing 

18

  covariates  

19

  Supplementary Table  S 6   Sensitivity analysis of the association between CKM 

20

  Syndrome stage  and   all - cause mortality among US cancer survivors   with a minimum 

21

  follow - up duration of 2 years.  

22

  Supplementary Table  S 7   Sensitivity analysis of the association between CKM 

23

  Syndrome stage  and   cardiovascular mortality among US cancer survivors   with a 

24

  minimum follow - up duration of 2 years.  

25

  Supplementary Table  S 8   Sensitivity analysis of the association between CKM 

26

  Syndrome stage  and   cancer   mortality among US cancer survivors   with a minimum 

27

  follow - up duration of 2 years.  

28

  Supplementary Table  S 9   Sensitivity analysis of the association between CKM 

29

  Syndrome stage and all - cause mortality among US cancer survivors, additionally 

30

  adjusting for BMI, hypertension, and diabetes mellitus.  

31

 

