Dynamic Interplay of Atherogenic Index and Body Roundness in Cardio-Renal-Metabolic Disease: A Multi-State Analysis
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[bookmark: _Toc26665]Table S1. The UDI, definition and measurements of covariates and outcomes.
	Variables
	UDI
	Notes

	Age
	21022
	The age of the participant on the day they attended an Initial Assessment Centre.

	Sex
	31
	Sex acquired from central registry at recruitment.

	Ethnicity
	21000
	There are two categories: white and non-white.

	Smoking status
	20116
	[bookmark: OLE_LINK12]The current/past smoking status of the participant. Reference: never.

	Drinking status 
	20117
	The current/past drinking status of the participant. Reference: never.

	[bookmark: _Hlk152063821]Hypertension
	93; 94; 6177
	The participants were classified as hypertension if their systolic blood pressure >140mmHg or diastolic blood pressure >90mmHg or ever had medication for blood pressure.
Reference: no history of hypertension.

	Cancer
	2453; 20001; 40006
	Cancer was extracted from the screening question, self-reported data, and national cancer registries. 
Reference: no history of cancer.

	Residence
	20118
	There are two categories: urban and rural.

	Physical activity
	22032
	Physical activity was classified according to International Physical Activity Questionnaire (IPAQ).
Classification: High, Moderate, Low. 
Reference: low level.

	Family history of T2DM
	20107; 20110; 20111
	Family history included the illness of father, mother, and siblings.
Reference: no family history of T2DM.

	Family history of stroke
	20107; 20110; 20111
	Family history included the illness of father, mother, and siblings.
Reference: no family history of stroke.

	Family history of heart disease
	20107; 20110; 20111
	Family history included the illness of father, mother, and siblings.
Reference: no family history of heart disease.

	CVD
	ICD-10:I20-I25, I50, I60-I69
	Cardiovascular diseases include ischaemic heart diseases, cerebrovascular diseases and heart failure.

	CKD
	ICD-10:N18
	NA

	T2DM
	ICD-10:E11
	NA


Abbreviations: CVD, cardiovascular diseases; CKD, chronic kidney disease; T2DM, type 2 diabetes mellitus; International Classification of Disease, Tenth version , ICD-10.



[bookmark: _Toc31223]Table S2. Assessment of the additive interaction between AIP and BRI on the progress of CRM disease.
	Transtion
	HR
(95%CI)
	RERI
(95%CI)
	AP
(95%CI)
	SI
(95% CI)

	Baseline → First CRM diseases
	 1.248(1.241,1.255)
	0.248(0.241,0.255)
	0.199(0.194,0.203)
	1.248(01.241,1.255)

	First CRM diseases → Double CRM diseases
	1.180(1.167,1.193) 
	0.180(0.166,0.193)
	0.153(0.143,0.162)
	1.180(1.166,1.193)

	Double CRM diseases → Triple CRM diseases
	1.120(1.086,1.155) 
	0.120(0.085,0.154)
	0.107(0.079,0.134)
	1.120(1.085,1.541)


Abbreviations: AIP, atherogenic index of plasma; BRI, body roundness index; CRM, cardio-renal-metabolic;RERI: Relative excess risk due to interaction; AP: attributable proportion; SI:synergy index; HR hazard ratio, CI, confidence interval.
All models were adjusted for age, sex, ethnic, smoking, drinking, physical activity, cancer, residential area, family history of diabetes, family history of stroke, family history of heart disease,hypertension.





[bookmark: _Toc7534]Table S3. Results of sensitivity analyses after excluding cancer  (N=33,833)
	Transtion
	Case
	AIP-BRI

	
	
	95% CI
	HR
	P Value

	
	
	Lower
	Upper
	
	

	Model 1: Baseline → First CRM disease → Double CRM diseases → Triple CRM diseases

	Baseline → First CRM diseases
	54939
	1.2434
	1.2578
	1.2506
	<0.001

	First CRM diseases → Double CRM diseases
	9464
	1.1661
	1.1945
	1.1802
	<0.001

	Double CRM diseases → Triple CRM diseases
	1179
	1.0779
	1.1507
	1.1137
	<0.001

	Model 2: Baseline → First CRM disease subtypes (CVD, T2DM, and CKD) → Double CRM diseases → Triple CRM diseases

	Baseline → CVD
	30737
	1.1136
	1.1325
	1.1230
	<0.001

	Baseline → CKD
	8749
	1.1930
	1.2289
	1.2108
	<0.001

	Baseline → T2DM
	15453
	1.4794
	1.5063
	1.4928
	<0.001

	CVD → Double CRM diseases
	4798
	1.3071
	1.3514
	1.3291
	<0.001

	CKD → Double CRM diseases
	3045
	1.1583
	1.2109
	1.1843
	<0.001

	T2DM → Double CRM diseases
	1621
	0.9455
	1.0048
	0.9747
	0.098

	CVD → CVD & CKD
	1678
	1.1578
	1.2311
	1.1939
	<0.001

	CVD → CVD & T2DM
	3120
	1.3715 
	1.4274
	1.3992
	<0.001

	CKD → CVD & CKD
	1826
	1.0291
	1.0949
	1.0615
	<0.001

	CKD → CKD & T2DM
	1219
	1.3120
	1.3971
	1.3538
	<0.001

	T2DM→ CVD & T2DM
	1321
	0.9467 
	1.0123
	0.9789
	0.212

	T2DM→ CKD & T2DM
	300
	0.8904
	1.0295
	0.9574
	0.239

	Double CRM diseases → Triple CRM diseases
	1179
	1.0820
	1.1551
	1.1179
	<0.001


Abbreviations: AIP, atherogenic index of plasma; BRI, body roundness index; CRM, cardio-renal-metabolic; CVD, cardiovascular diseases; CKD, chronic kidney disease; T2DM, type 2 diabetes mellitus; HR hazard ratio, CI, confidence interval.
All models were adjusted for age, sex, ethnic, smoking, drinking, physical activity, cancer, residential area, family history of diabetes, family history of stroke, family history of heart disease,hypertension.






















	Transtion
	Case
	AIP-BRI

	
	
	95% CI
	HR
	P Value

	
	
	Lower
	Upper
	
	

	Model 1: Baseline → First CRM disease → Double CRM diseases → Triple CRM diseases

	Baseline → First CRM diseases
	59789
	1.2479
	1.2642
	1.2561
	<0.001

	First CRM diseases → Double CRM diseases
	10210
	1.1775
	1.2117
	1.1945
	<0.001

	Double CRM diseases → Triple CRM diseases
	1240
	1.0724
	1.1614
	1.1160
	<0.001

	Model 2: Baseline → First CRM disease subtypes (CVD, T2DM, and CKD) → Double CRM diseases → Triple CRM diseases

	Baseline → CVD
	33830
	1.1106
	1.1307
	1.1206
	<0.001

	Baseline → CKD
	9905
	1.2023
	1.2412
	1.2216
	<0.001

	Baseline → T2DM
	16054
	1.5661
	1.6032
	1.5846
	<0.001

	CVD → Double CRM diseases
	5136
	1.3199
	1.3749
	1.3471
	<0.001

	CKD → Double CRM diseases
	3330
	1.1581
	1.2190
	1.1882
	<0.001

	T2DM → Double CRM diseases
	1744
	0.9365
	1.0031
	0.9692
	0.074

	CVD → CVD & CKD
	1906
	1.1505
	1.2318
	1.1905
	<0.001

	CVD → CVD & T2DM
	3230
	1.4090
	1.4832
	1.4456
	<0.001

	CKD → CVD & CKD
	2044
	1.0291
	1.1007
	1.0643
	<0.001

	CKD → CKD & T2DM
	1286
	1.3399
	1.4512
	1.3944
	<0.001

	T2DM→ CVD & T2DM
	1411
	0.9357
	1.0099
	0.9721 
	0.145

	T2DM→ CKD & T2DM
	333
	0.8885
	1.0407
	0.9616
	0.331

	Double CRM diseases → Triple CRM diseases
	1240
	1.0757
	1.1651
	1.1195
	<0.001


[bookmark: _Toc1039]Table S4. Results of sensitivity analyses after excluding the maximum (>99%) or minimum (1%) value of AIP-BRI (N=3,987)
Abbreviations: AIP, atherogenic index of plasma; BRI, body roundness index; CRM, cardio-renal-metabolic; CVD, cardiovascular diseases; CKD, chronic kidney disease; T2DM, type 2 diabetes mellitus; HR hazard ratio, CI, confidence interval.
All models were adjusted for age, sex, ethnic, smoking, drinking, physical activity, cancer, residential area, family history of diabetes, family history of stroke, family history of heart disease,hypertension.























[bookmark: _Toc2569]Table S5. Results of sensitivity analyses after excluding the Follow-up was less than two years (N=18,892)
	Transtion
	Case
	AIP-BRI

	
	
	95% CI
	HR
	P Value

	
	
	Lower
	Upper
	
	

	Model 1: Baseline → First CRM disease → Double CRM diseases → Triple CRM diseases

	Baseline → First CRM diseases
	43849
	1.2687
	1.2848
	1.2767
	<0.001

	First CRM diseases → Double CRM diseases
	6298 
	1.1638
	1.1989
	1.1812
	<0.001

	Double CRM diseases → Triple CRM diseases
	637
	1.0657
	1.1643
	1.1139
	<0.001

	Model 2: Baseline → First CRM disease subtypes (CVD, T2DM, and CKD) → Double CRM diseases → Triple CRM diseases

	Baseline → CVD
	23857
	1.1244
	1.1456
	1.1350
	<0.001

	Baseline → CKD
	6358
	1.2067
	1.2496
	1.2280 
	<0.001

	Baseline → T2DM
	13634
	1.5094
	1.5384
	1.5238
	<0.001

	CVD → Double CRM diseases
	3218
	1.3415 
	1.3993
	1.3701 
	<0.001

	CKD → Double CRM diseases
	1901
	1.1744
	1.2455
	1.2094
	<0.001

	T2DM → Double CRM diseases
	1179
	0.9680
	1.0373
	1.0021
	 0.074

	CVD → CVD & CKD
	 973
	1.1971 
	1.3010
	1.2480
	<0.001

	CVD → CVD & T2DM
	2245
	1.3857
	1.4552
	1.4201
	<0.001

	CKD → CVD & CKD
	1103
	1.0318
	1.1202
	1.0751
	<0.001

	CKD → CKD & T2DM
	798
	1.3332 
	1.4505
	1.3906
	<0.001

	T2DM→ CVD & T2DM
	988
	0.9649
	1.0405
	1.0020
	0.916

	T2DM→ CKD & T2DM
	191
	0.9222 
	1.0968
	1.0057
	0.897

	Double CRM diseases → Triple CRM diseases
	637
	1.0678
	1.1665
	1.1161
	<0.001


Abbreviations: AIP, atherogenic index of plasma; BRI, body roundness index; CRM, cardio-renal-metabolic; CVD, cardiovascular diseases; CKD, chronic kidney disease; T2DM, type 2 diabetes mellitus; HR hazard ratio, CI, confidence interval.
All models were adjusted for age, sex, ethnic, smoking, drinking, physical activity, cancer, residential area, family history of diabetes, family history of stroke, family history of heart disease,hypertension.























[bookmark: _Toc950]Table S6. Comparison of predictive performance across different models for the incidence of CRM diseases and its dynamic progression.
	Models
	C statistic (95% Cl)

	
	multi-state model 
(three main transition stages)
	traditional cox model

	
	
	First CRM diseases
	Double CRM diseases
	Triple CRM diseases

	Empty Model
	0.686 (0.684,0.688)
	0.689 (0.687,0.691)
	0.751 (0.749,0.753)
	0.802 (0.792,0.812)

	Basic Obesity Model
	0.719 (0.717,0.721)
	0.720 (0.718,0.722)
	0.799 (0.797,0.801)
	0.861 (0.851,0.871)

	Basic Lipid Model
	0.705 (0.703,0.707)
	0.707 (0.705,0.709)
	0.786 (0.784,0.788)
	0.845 (0.835,0.855)

	Full Reference Model
	0.724 (0.722,0.726)
	0.725 (0.723,0.727)
	0.811 (0.809,0.813)
	0.875 (0.865,0.885)

	Common Ratio Model
	0.718 (0.716,0.720)
	0.719 (0.717,0.721)
	0.797 (0.795,0.799)
	0.857 (0.847,0.867)

	Proposed Model
	0.704 (0.702,0.706)
	0.706 (0.704,0.708)
	0.778 (0.776,0.780)
	0.831 (0.821,0.841)


Multi-state model captures the entire disease progression pathway from baseline through sequential development of single, double, and triple CRM conditions.
Empty Model: adjusted for age, sex, ethnic, smoking, drinking, physical activity, cancer, residential area, family history of diabetes, family history of stroke, family history of heart disease, and history of hypertension.
Basic Obesity Model: Empty Model + weight, height, hip circumference, and WC.
Basic Lipid Model: Empty Model + TG, HDL-C, TC, and LDL-C.
Full Reference Model: Empty Model +all basic obesity and lipid measurements (weight, height, hip circumference, WC, TG, HDL-C, TC, and LDL-C).
Common Ratio Model: Empty Model + BMI, TC to HDL-C ratio, and WHtR.
Proposed Model: Empty Model + AIP-BRI.
Abbreviations: CRM, cardio-renal-metabolic; CI, confidence interval; WC, waist circumference; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; BMI, body mass index; WHtR, waist-to-height ratio; AIP, atherogenic index of plasma; BRI, body roundness index.
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[bookmark: _Toc2130][bookmark: _Toc183881929][bookmark: _Hlk183424443]Figure S1. Association between AIP-BRI and FCRM disease in subgroup analyses.
Abbreviations: AIP, atherogenic index of plasma; BRI, body roundness index; FCRM, first cardio-renal-metabolic; HR hazard ratio, CI, confidence interval.
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[bookmark: _Toc10314]Figure S2. Association between AIP-BRI and DCRM disease in subgroup analyses.
Abbreviations: AIP, atherogenic index of plasma; BRI, body roundness index; DCRM, double cardio-renal-metabolic; HR hazard ratio, CI, confidence interval.
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[bookmark: _Toc30441]Figure S3. Association between AIP-BRI and TCRM disease in subgroup analyses.
Abbreviations: AIP, atherogenic index of plasma; BRI, body roundness index; TCRM, triple cardio-renal-metabolic; HR hazard ratio, CI, confidence interval.
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[bookmark: _Toc6052]Figure S4. ROC curve analysis of prediction models for CRM diseases incidence and progression.
Transtion1: Baseline→FCRM diseases; Transition 2: FCRM disease→DCRM disease; Transition 3: DCRM disease→TCRM disease
Empty Model: adjusted for age, sex, ethnic, smoking, drinking, physical activity, cancer, residential area, family history of diabetes, family history of stroke, family history of heart disease and history of hypertension.
Proposed Model: Empty Model + AIP-BRI.
Full Reference Model: Empty Model +all basic obesity and lipid measurements (weight, height, hip circumference, WC, TG, HDL-C, TC, and LDL-C).
Abbreviations: ROC, receiver operating characteristic; FCRM, first cardio-renal-metabolic; DCRM, double cardio-renal-metabolic; TCRM, triple cardio-renal-metabolic; WC, waist circumference; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; AIP, atherogenic index of plasma; BRI, body roundness index.
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‘Subgroup analysis of the association between AIP-BRI and TCRM
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