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Supplemental Methods
Cox proportional hazards model
Cox proportional hazards model was employed to investigate the association between CHIP and gene-specific CHIP subtypes and CMD progression to simulate transitions within multi-state model. Among 469 761 participants with available exome sequencing data (Supplemental Figure 1), individuals were excluded if they were inferred to be related (closer than third degree; kinship coefficient >0.0884, n = 34 558), had a prevalent hematologic malignancy (n = 2 241), or with missing covariate data (n = 27 308). Specifically, we divided the analysis into three subsets of the population based on baseline characteristics: (i) no CMD at baseline (n = 371 544); (ii) singe CMD at baseline (n = 29 830); (iii) CMM at baseline (n = 4 280). Separate Cox-regression analyses were performed in each subset. In the first subset, CMD and death were set as outcomes to analyze the transitions from no CMD to CMD and from no CMD to death. In the second subset, CMM and death were set as outcomes to examine the transitions from single CMD to CMM and from single CMD to death. In the third subset, death was set as the outcome to analyze the transition from CMM to death.


Supplemental Table 1. Diseases definitions
	Diseases
	ICD-9 information
	ICD-10 information
	OPCS-4 information

	CHD
	41271 (410-414), 41281
	41270 (I20-I25, Z951, Z955), 41280, 131296, 131298, 131300, 131302, 131304, 131306, 131307, 131305, 131303, 131301, 131299, 131297
	41272 (K40-K46, K49, K50, K75), 41282

	Stroke
	41271 (3361, 36231, 36232, 430, 431, 4329, 43301, 43311, 43321, 43331, 43381, 43391, 434, 436), 41281
	41270 (I60, I61, I629, I63, I64, I678, I690, I693, G951, H341, H342, S066), 41280, 131378, 131376, 131374, 131372, 131370, 131368, 131366, 131364, 131362, 131360, 131180, 131379, 131377, 131375, 131373, 131371, 131369, 131367, 131365, 131363, 131361, 131181
	41272 (A052-A054, L351, L353, L343), 41282

	T2D
	
	41270 (E11)
	

	Hypertension
	41271 (401-405), 41281
	41270 (I10-I13, I15, O10), 41280, 131292, 131290, 131288, 131286, 131294, 132180, 131295, 131293, 131291, 131289, 131287, 132181
	


The Filed IDs of the medical records in the UK Biobank, which were used to define the prevalence and incidence of four diseases in individuals are presented. Abbreviations: CHD = coronary heart disease; ICD = International Classification of Diseases; OPCS-4 = Office of Population Censuses and Surveys Classification of Interventions and Procedures, version 4; T2D = type 2 diabetes.



Supplemental Table 2: Clonal hematopoiesis driver gene variants in the UKB cohort
	Rank
	Gene
	Number
	Rank
	Gene
	Number

	1
	DNMT3A
	7 259
	22
	BRCC3
	23

	2
	TET2
	1 859
	23, 24
	CEBPA, PHIP
	22

	3
	ASXL1
	1 139
	25
	EP300
	21

	4
	PPM1D
	379
	26
	RAD21
	20

	5
	SRSF2
	205
	27
	STAG2
	19

	6
	TP53
	192
	28
	KRAS
	18

	7
	SF3B1
	93
	29, 30
	MPL, PDS5B
	17

	8
	JAK2
	86
	31, 32
	CBLB, NRAS
	16

	9
	GNB1
	84
	33, 34
	EZH2, SETDB1
	15

	10
	NF1
	76
	35
	KIT
	14

	11
	PRPF40B
	64
	36, 37
	PHF6, SMC3
	13

	12
	CBL
	60
	38, 39, 40
	IKZF1, PTPN11, WT1
	12

	13
	GNAS
	57
	41, 42, 43
	KDM6A, RUNX1, SUZ12
	11

	14
	IDH2
	53
	44
	BRAF
	10

	15
	U2AF1
	44
	45, 46
	EED, ZRSR2
	9

	16
	CUX1
	38
	47, 48
	ETNK1, SETD2
	7

	17
	BCORL1
	31
	49, 50, 51
	CTCF, IDH1, SETBP1
	5

	18
	ETV6
	30
	52
	CSF3R
	4

	19
	PRPF8
	26
	53, 54
	GATA2, SMC1A
	2

	20
	ASXL2
	25
	55
	U2AF2
	1

	21
	BCOR
	24
	56, 57, 58
	CREBBP, FLT3, NPM1
	0


























Supplemental Table 3. Population Characteristics of CHIP Carriers at Baseline
	Characteristics
	CHIP with VAF <10%
	CHIP with VAF ≥10%
	P

	Participants, No. (%)
	4 414
	7 156
	

	Age (year), mean (SD)
	60.58 (6.71)
	60.98 (6.73)
	<0.001

	Male, No. (%)
	1 881 (42.6)
	3 250 (45.4)
	0.012

	White, No. (%)
	4 246 (96.2)
	6 933 (96.9)
	<0.001

	Townsend Deprivation Index, median (IQR)
	-2.35 (-3.73, 0.15)
	-2.33 (-3.75, 0.13)
	0.090

	BMI (kg/m2), mean (SD)
	27.15 (4.47)
	27.20 (4.47)
	0.334

	Current smoking, No. (%)
	515 (11.7)
	832 (11.6)
	<0.001

	Alcohol consumption frequency ≥3 times/week, No. (%)
	2 120 (48.0)
	3 406 (47.6)
	<0.001

	Regular physical activity, No. (%)
	3 486 (79.0)
	5 597 (78.2)
	0.236

	Sleep duration (h/d), mean (SD)
	7.18 (1.09)
	7.21 (1.11)
	<0.001

	Hypertension history, No. (%)
	1 251 (28.3)
	2 124 (29.7)
	<0.001


Abbreviations: BMI=body mass index, SD=standard deviation, IQR, interquartile range. Regular physical activity means at least 150 min of walking, moderate activity per week, or 75 min of vigorous activity.


Supplemental Table 4. Association of CHIP with CMDs progression in multistate model pattern A
	
	Any CHIP (n = 11 570)
	CHIP with VAF ≥10% (n = 7 156)

	
	Model 1a
	Model 2b
	Model 1a
	Model 2b

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

	No CMD→FCMD
	1.14 (1.09, 1.19)
	<0.001
	1.11 (1.07, 1.16)
	<0.001
	1.16 (1.10, 1.23)
	<0.001
	1.14 (1.08, 1.20)
	<0.001

	No CMD→Death
	1.49 (1.40, 1.59)
	<0.001
	1.45 (1.36, 1.55)
	<0.001
	1.69 (1.57, 1.82)
	<0.001
	1.64 (1.52, 1.77)
	<0.001

	FCMD→CMM
	1.07 (0.96, 1.19)
	0.205
	1.06 (0.95, 1.18)
	0.324
	1.09 (0.95, 1.24)
	0.222
	1.07 (0.93, 1.22)
	0.331

	FCMD→Death
	1.44 (1.30, 1.60)
	<0.001
	1.39 (1.26, 1.54)
	<0.001
	1.65 (1.47, 1.86)
	<0.001
	1.59 (1.41, 1.79)
	<0.001

	CMM→Death
	1.59 (1.32, 1.92)
	<0.001
	1.58 (1.31, 1.91)
	<0.001
	1.63 (1.30, 2.04)
	<0.001
	1.61 (1.29, 2.02)
	<0.001


Notes: In all models, age was included as the time scale. All models represent multistate models in which participants without CHIP (n = 359 974) constitute the reference group. CHIP = clonal hematopoiesis of indeterminate potential; CI = confidence interval; FCMD = first cardiometabolic disease; CMM = cardiometabolic multimorbidity; HR = hazard ratio; VAF, variant allele frequency.
a Model 1: adjusted for sex and race.
b Model 2: further adjusted for Townsend Deprivation Index, body mass index, smoking status, alcohol consumption frequency, meeting physical activity guidelines, sleep duration, and hypertension at baseline. 


Supplemental Table 5. Association of CHIP with CMDs progression in Cox-regression models
	
	Any CHIP (n = 11 570)
	CHIP with VAF ≥10% (n = 7 156)

	
	Model 1a
	Model 2b
	Model 1a
	Model 2b

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

	No CMD→FCMD
	1.14 (1.10, 1.19)
	<0.001
	1.11 (1.07, 1.16)
	<0.001
	1.17 (1.12, 1.24)
	<0.001
	1.14 (1.08, 1.20)
	<0.001

	No CMD→Death
	1.46 (1.39, 1.54)
	<0.001
	1.41 (1.34, 1.48)
	<0.001
	1.65 (1.55, 1.75)
	<0.001
	1.59 (1.50, 1.69)
	<0.001

	FCMD→CMM
	1.26 (0.97, 1.64)
	0.082
	1.25 (0.96, 1.62)
	0.099
	1.24 (0.90, 1.71)
	0.194
	1.23 (0.89, 1.71)
	0.204

	FCMD→Death
	1.30 (1.16, 1.44)
	<0.001
	1.25 (1.12, 1.39)
	<0.001
	1.38 (1.22, 1.57)
	<0.001
	1.33 (1.17, 1.51)
	<0.001

	CMM→Death
	1.13 (0.91, 1.42)
	0.268
	1.17 (0.94, 1.46)
	0.164
	1.22 (0.94, 1.59)
	0.136
	1.29 (0.99, 1.68)
	0.057


Notes: In all models, age was included as the time scale. We divided the analysis into three subsets of the population based on baseline characteristics: (i) no CMD at baseline (n = 371 544); (ii) singe CMD at baseline (n = 29 830); (iii) CMM at baseline (n = 4 280). All models represent Cox-regression models in which participants without CHIP constitute the reference group. CHIP = clonal hematopoiesis of indeterminate potential; CI = confidence interval; FCMD = first cardiometabolic disease; CMM = cardiometabolic multimorbidity; HR = hazard ratio; VAF, variant allele frequency.
a Model 1: adjusted for sex and race.
b Model 2: further adjusted for Townsend Deprivation Index, body mass index, smoking status, alcohol consumption frequency, meeting physical activity guidelines, sleep duration, and hypertension at baseline. 


Supplemental Table 6. Association of CHIP with CMDs progression in multistate model pattern B
	
	Any CHIP (n = 11 505)
	CHIP with VAF ≥10% (n = 7 114)

	
	Model 1a
	Model 2b
	Model 1a
	Model 2b

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

	No CMD→CHD
	1.14 (1.07, 1.21)
	<0.001
	1.11 (1.04, 1.19)
	0.001
	1.17 (1.08, 1.27)
	<0.001
	1.14 (1.05, 1.24)
	0.001

	No CMD→T2D
	1.16 (1.07, 1.25)
	<0.001
	1.14 (1.06, 1.23)
	<0.001
	1.16 (1.06, 1.28)
	0.002
	1.14 (1.04, 1.25)
	0.008

	No CMD→Stroke
	1.14 (1.04, 1.24)
	0.004
	1.11 (1.02, 1.21)
	0.019
	1.18 (1.06, 1.31)
	0.003
	1.15 (1.03, 1.28)
	0.011

	No CMD→Death
	1.50 (1.41, 1.60)
	<0.001
	1.46 (1.37, 1.55)
	<0.001
	1.69 (1.57, 1.82)
	<0.001
	1.64 (1.53, 1.77)
	<0.001

	CHD→CMM
	0.99 (0.82, 1.20)
	0.912
	0.97 (0.80, 1.17)
	0.736
	1.03 (0.81, 1.30)
	0.808
	1.00 (0.79, 1.27)
	0.980

	CHD→Death
	1.49 (1.27, 1.76)
	<0.001
	1.44 (1.23, 1.70)
	<0.001
	1.87 (1.56, 2.25)
	<0.001
	1.81 (1.51, 2.17)
	<0.001

	T2D→CMM
	1.05 (0.86, 1.27)
	0.642
	1.04 (0.86, 1.26)
	0.709
	1.12 (0.88, 1.42)
	0.357
	1.11 (0.87, 1.40)
	0.394

	T2D→Death
	1.45 (1.19, 1.76)
	<0.001
	1.40 (1.15, 1.70)
	<0.001
	1.51 (1.19, 1.92)
	<0.001
	1.45 (1.14, 1.84)
	0.003

	Stroke→CMM
	1.23 (0.96, 1.58)
	0.095
	1.19 (0.93, 1.52)
	0.175
	1.08 (0.78, 1.49)
	0.643
	1.04 (0.75, 1.44)
	0.816

	Stroke→Death
	1.34 (1.12, 1.61)
	0.001
	1.30 (1.08, 1.56)
	0.005
	1.47 (1.19, 1.82)
	<0.001
	1.42 (1.15, 1.76)
	0.001

	CMM→Death
	1.56 (1.27, 1.92)
	<0.001
	1.56 (1.27, 1.92)
	<0.001
	1.70 (1.34, 2.17)
	<0.001
	1.73 (1.36, 2.19)
	<0.001


Notes: In all models, age was included as the time scale. All models represent multistate models in which participants without CHIP (n = 358 271) constitute the reference group. CHD = coronary heart disease; CHIP = clonal hematopoiesis of indeterminate potential; CI = confidence interval; CMM = cardiometabolic multimorbidity; HR = hazard ratio; T2D = type 2 diabetes; VAF, variant allele frequency.
a Model 1: adjusted for sex and race.
b Model 2: further adjusted for Townsend Deprivation Index, body mass index, smoking status, alcohol consumption frequency, meeting physical activity guidelines, sleep duration, and hypertension at baseline. 


Supplemental Table 7. Association of gene-specific CHIP subtypes with CMDs progression in Cox-regression models
	
	Any CHIP (n = 11 570)
	CHIP with VAF ≥10% (n = 7 156)

	
	Model 1a
	Model 2b
	Model 1a
	Model 2b

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

	No CMD→FCMD
	
	
	
	
	
	
	
	

	DNMT3A
	1.07 (1.02, 1.13)
	0.009
	1.06 (1.01, 1.12)
	0.026
	1.07 (1.00, 1.16)
	0.058
	1.07 (0.99, 1.15)
	0.087

	TET2
	1.15 (1.04, 1.28)
	0.005
	1.12 (1.02, 1.24)
	0.023
	1.24 (1.10, 1.38)
	<0.001
	1.22 (1.09, 1.37)
	<0.001

	ASXL1
	1.18 (1.05, 1.34)
	0.006
	1.07 (0.94, 1.20)
	0.301
	1.14 (0.98, 1.33)
	0.090
	1.01 (0.87, 1.18)
	0.870

	JAK2
	1.27 (0.80, 2.01)
	0.316
	1.36 (0.86, 2.16)
	0.193
	1.27 (0.80, 2.01)
	0.316
	1.36 (0.86, 2.16)
	0.193

	DNA damage genes
	1.34 (1.14, 1.58)
	<0.001
	1.27 (1.07, 1.49)
	0.005
	1.36 (1.10, 1.67)
	0.004
	1.26 (1.03, 1.55)
	0.027

	Spliceosome genes
	1.72 (1.43, 2.07)
	<0.001
	1.68 (1.39, 2.02)
	<0.001
	1.90 (1.56, 2.31)
	<0.001
	1.86 (1.53, 2.26)
	<0.001

	No CMD→Death
	
	
	
	
	
	
	
	

	DNMT3A
	1.22 (1.13, 1.31)
	<0.001
	1.19 (1.11, 1.28)
	<0.001
	1.33 (1.21, 1.46)
	<0.001
	1.30 (1.19, 1.43)
	<0.001

	TET2
	1.52 (1.34, 1.71)
	<0.001
	1.53 (1.36, 1.73)
	<0.001
	1.72 (1.51, 1.96)
	<0.001
	1.76 (1.54, 2.00)
	<0.001

	ASXL1
	1.85 (1.62, 2.11)
	<0.001
	1.59 (1.39, 1.81)
	<0.001
	2.07 (1.77, 2.42)
	<0.001
	1.77 (1.52, 2.07)
	<0.001

	JAK2
	4.33 (3.02, 6.19)
	<0.001
	4.69 (3.28, 6.71)
	<0.001
	4.33 (3.02, 6.19)
	<0.001
	4.69 (3.28, 6.71)
	<0.001

	DNA damage genes
	1.88 (1.55, 2.27)
	<0.001
	1.79 (1.48, 2.16)
	<0.001
	2.11 (1.68, 2.65)
	<0.001
	1.99 (1.59, 2.51)
	<0.001

	Spliceosome genes
	3.60 (3.03, 4.27)
	<0.001
	3.42 (2.88, 4.06)
	<0.001
	3.96 (3.30, 4.75)
	<0.001
	3.76 (3.14, 4.52)
	<0.001

	FCMD→CMM
	
	
	
	
	
	
	
	

	DNMT3A
	1.36 (0.98, 1.90)
	0.068
	1.35 (0.97, 1.89)
	0.076
	1.45 (0.95, 2.21)
	0.087
	1.47 (0.97, 2.25)
	0.072

	TET2
	-
	-
	-
	-
	-
	-
	-
	-

	ASXL1
	-
	-
	-
	-
	-
	-
	-
	-

	JAK2
	-
	-
	-
	-
	-
	-
	-
	-

	DNA damage genes
	-
	-
	-
	-
	-
	-
	-
	-

	Spliceosome genes
	-
	-
	-
	-
	-
	-
	-
	-

	FCMD→Death
	
	
	
	
	
	
	
	

	DNMT3A
	1.07 (0.92, 1.26)
	0.364
	1.04 (0.89, 1.21)
	0.648
	1.19 (0.98, 1.44)
	0.084
	1.15 (0.95, 1.40)
	0.150

	TET2
	1.75 (1.39, 2.19)
	<0.001
	1.76 (1.40, 2.21)
	<0.001
	1.66 (1.27, 2.17)
	<0.001
	1.63 (1.25, 2.13)
	<0.001

	ASXL1
	1.31 (1.01, 1.71)
	0.041
	1.19 (0.92, 1.55)
	0.187
	1.36 (1.00, 1.87)
	0.054
	1.20 (0.88, 1.65)
	0.250

	JAK2
	-
	-
	-
	-
	-
	-
	-
	-

	DNA damage genes
	2.21 (1.57, 3.11)
	<0.001
	2.31 (1.64, 3.25)
	<0.001
	2.16 (1.36, 3.44)
	0.001
	2.16 (1.36, 3.44)
	0.001

	Spliceosome genes
	3.03 (2.06, 4.46)
	<0.001
	2.54 (1.72, 3.73)
	<0.001
	3.21 (2.11, 4.88)
	<0.001
	2.70 (1.78, 4.11)
	<0.001

	CMM→Death
	
	
	
	
	
	
	
	

	DNMT3A
	0.86 (0.61, 1.23)
	0.417
	0.90 (0.63, 1.28)
	0.562
	0.82 (0.51, 1.30)
	0.389
	0.87 (0.55, 1.39)
	0.560

	TET2
	-
	-
	-
	-
	-
	-
	-
	-

	ASXL1
	1.75 (1.17, 2.62)
	0.007
	1.74 (1.16, 2.61)
	0.007
	1.90 (1.19, 3.03)
	0.007
	1.99 (1.25, 3.17)
	0.004

	JAK2
	-
	-
	-
	-
	-
	-
	-
	-

	DNA damage genes
	-
	-
	-
	-
	-
	-
	-
	-

	Spliceosome genes
	-
	-
	-
	-
	-
	-
	-
	-


Notes: CHIP subtypes observed in fewer than 10 cases are excluded from the analysis. In all models, age was included as the time scale. We divided the analysis into three subsets of the population based on baseline characteristics: (i) no CMD at baseline (n = 371 544); (ii) singe CMD at baseline (n = 29 830); (iii) CMM at baseline (n = 4 280). All models represent Cox-regression models in which participants without CHIP constitute the reference group. DNA damage genes include TP53 and PPM1D. Spliceosome genes include SRSF2, SF3B1, and U2AF1. CHIP = clonal hematopoiesis of indeterminate potential; CI = confidence interval; FCMD = first cardiometabolic disease; CMM = cardiometabolic multimorbidity; HR = hazard ratio; VAF, variant allele frequency.
a Model 1: adjusted for sex and race.
b Model 2: further adjusted for Townsend Deprivation Index, body mass index, smoking status, alcohol consumption frequency, meeting physical activity guidelines, sleep duration, and hypertension at baseline. 


Supplemental Table 8. Association of CHIP with CMDs progression in multinomial logistic regression
	
	Any CHIP (n = 11 570)
	CHIP with VAF ≥10% (n = 7 156)

	
	Model 1a
	Model 2b
	Model 1a
	Model 2b

	
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P

	No CMD→single CMD
	1.08 (1.02, 1.14)
	0.009
	1.06 (1.00, 1.12)
	0.043
	1.08 (1.01, 1.16)
	0.033
	1.06 (0.99, 1.14)
	0.101

	No CMD→CMM
	0.95 (0.83, 1.09)
	0.464
	0.92 (0.81, 1.06)
	0.252
	0.94 (0.80, 1.12)
	0.517
	0.92 (0.77, 1.09)
	0.331

	No CMD→Death
	1.52 (1.43, 1.61)
	<0.001
	1.46 (1.37, 1.54)
	<0.001
	1.74 (1.62, 1.86)
	<0.001
	1.67 (1.56, 1.79)
	<0.001


Notes: In all models, age was included as the time scale. All models represent multinomial logistic regression models in which participants without CHIP (n = 359 974) constitute the reference group. CHIP = clonal hematopoiesis of indeterminate potential; CI = confidence interval; CMD = cardiometabolic disease; CMM = cardiometabolic multimorbidity; OR = odds ratio; VAF, variant allele frequency.
a Model 1: adjusted for sex and race.
b Model 2: further adjusted for Townsend Deprivation Index, body mass index, smoking status, alcohol consumption frequency, meeting physical activity guidelines, sleep duration, and hypertension at baseline. 


Supplemental Table 9. Association of gene-specific CHIP subtypes with CMDs progression in multinomial logistic regression
	
	Any CHIP (n = 11 570)
	CHIP with VAF ≥10% (n = 7 156)

	
	Model 1a
	Model 2b
	Model 1a
	Model 2b

	
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P

	No CMD→single CMD
	
	
	
	
	
	
	
	

	DNMT3A
	1.05 (0.97, 1.12)
	0.233
	1.04 (0.97, 1.12)
	0.286
	1.02 (0.93, 1.13)
	0.627
	1.02 (0.92, 1.13)
	0.669

	TET2
	1.03 (0.89, 1.18)
	0.727
	1.00 (0.87, 1.16)
	0.957
	1.10 (0.93, 1.29)
	0.272
	1.09 (0.92, 1.29)
	0.314

	ASXL1
	1.06 (0.89, 1.27)
	0.495
	0.97 (0.81, 1.16)
	0.734
	0.96 (0.76, 1.21)
	0.720
	0.86 (0.68, 1.09)
	0.215

	JAK2
	1.48 (0.76, 2.89)
	0.249
	1.67 (0.85, 3.29)
	0.138
	1.48 (0.76, 2.89)
	0.249
	1.67 (0.85, 3.29)
	0.138

	DNA damage genes
	1.49 (1.19, 1.87)
	0.001
	1.47 (1.16, 1.85)
	0.001
	1.41 (1.05, 1.89)
	0.021
	1.37 (1.02, 1.85)
	0.036

	Spliceosome genes
	1.25 (0.89, 1.76)
	0.195
	1.26 (0.89, 1.78)
	0.185
	1.41 (0.97, 2.05)
	0.068
	1.42 (0.97, 2.07)
	0.070

	No CMD→CMM
	
	
	
	
	
	
	
	

	DNMT3A
	0.90 (0.75, 1.07)
	0.230
	0.89 (0.75, 1.06)
	0.200
	0.83 (0.65, 1.06)
	0.144
	0.84 (0.65, 1.07)
	0.155

	TET2
	1.05 (0.76, 1.43)
	0.779
	1.01 (0.74, 1.39)
	0.928
	1.11 (0.78, 1.60)
	0.563
	1.10 (0.76, 1.59)
	0.602

	ASXL1
	1.17 (0.82, 1.69)
	0.391
	0.99 (0.69, 1.44)
	0.977
	1.21 (0.78, 1.89)
	0.390
	1.03 (0.66, 1.60)
	0.904

	JAK2
	-
	-
	-
	-
	-
	-
	-
	-

	DNA damage genes
	-
	-
	-
	-
	-
	-
	-
	-

	Spliceosome genes
	-
	-
	-
	-
	-
	-
	-
	-

	No CMD→Death
	
	
	
	
	
	
	
	

	DNMT3A
	1.24 (1.14, 1.34)
	<0.001
	1.20 (1.11, 1.30)
	<0.001
	1.36 (1.23, 1.51)
	<0.001
	1.33 (1.20, 1.47)
	<0.001

	TET2
	1.58 (1.38, 1.81)
	<0.001
	1.60 (1.39, 1.83)
	<0.001
	1.85 (1.59, 2.15)
	<0.001
	1.89 (1.62, 2.21)
	<0.001

	ASXL1
	2.00 (1.71, 2.34)
	<0.001
	1.69 (1.44, 1.98)
	<0.001
	2.18 (1.80, 2.63)
	<0.001
	1.84 (1.52, 2.23)
	<0.001

	JAK2
	5.84 (3.59, 9.50)
	<0.001
	6.79 (4.12, 11.2)
	<0.001
	5.84 (3.59, 9.50)
	<0.001
	6.79 (4.12, 11.2)
	<0.001

	DNA damage genes
	2.14 (1.71, 2.68)
	<0.001
	2.09 (1.66, 2.62)
	<0.001
	2.42 (1.85, 3.18)
	<0.001
	2.31 (1.75, 3.04)
	<0.001

	Spliceosome genes
	4.79 (3.76, 6.10)
	<0.001
	4.75 (3.71, 6.08)
	<0.001
	5.65 (4.33, 7.37)
	<0.001
	5.60 (4.27, 7.36)
	<0.001


Notes: CHIP subtypes observed in fewer than 10 cases are excluded from the analysis. In all models, age was included as the time scale. All models represent multinomial logistic regression models in which participants without CHIP (n = 359 974) constitute the reference group. DNA damage genes include TP53 and PPM1D. Spliceosome genes include SRSF2, SF3B1, and U2AF1. CHIP = clonal hematopoiesis of indeterminate potential; CI = confidence interval; CMD = cardiometabolic disease; CMM = cardiometabolic multimorbidity; OR = odds ratio; VAF, variant allele frequency.
a Model 1: adjusted for sex and race.
b Model 2: further adjusted for Townsend Deprivation Index, body mass index, smoking status, alcohol consumption frequency, meeting physical activity guidelines, sleep duration, and hypertension at baseline. 


Supplemental Table 10. Association of CHIP with CMDs progression in multistate model pattern A in sensitivity analysis 1–4
	CHIP status
	
	Sensitivity analysis 1
	Sensitivity analysis 2
	Sensitivity analysis 3
	Sensitivity analysis 4

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

	Any CHIP
	No CMD→FCMD
	1.08 (1.03, 1.13)
	0.002
	1.11 (1.06, 1.16)
	<0.001
	1.12 (1.07, 1.17)
	<0.001
	1.11 (1.07, 1.16)
	<0.001

	
	No CMD→Death
	1.41 (1.32, 1.51)
	<0.001
	1.48 (1.38, 1.58)
	<0.001
	1.46 (1.37, 1.55)
	<0.001
	1.45 (1.36, 1.55)
	<0.001

	
	FCMD→CMM
	1.05 (0.93, 1.18)
	0.434
	1.02 (0.91, 1.15)
	0.726
	1.04 (0.93, 1.17)
	0.494
	1.06 (0.95, 1.18)
	0.324

	
	FCMD→Death
	1.36 (1.22, 1.52)
	<0.001
	1.43 (1.28, 1.59)
	<0.001
	1.39 (1.25, 1.54)
	<0.001
	1.39 (1.26, 1.54)
	<0.001

	
	CMM→Death
	1.63 (1.32, 2.02)
	<0.001
	1.57 (1.28, 1.93)
	<0.001
	1.56 (1.27, 1.92)
	<0.001
	1.58 (1.31, 1.91)
	<0.001

	CHIP with 
VAF ≥10%
	No CMD→FCMD
	1.10 (1.04, 1.16)
	<0.001
	1.12 (1.06, 1.19)
	<0.001
	1.14 (1.08, 1.20)
	<0.001
	1.14 (1.08, 1.20)
	<0.001

	
	No CMD→Death
	1.61 (1.49, 1.74)
	<0.001
	1.65 (1.53, 1.79)
	<0.001
	1.64 (1.53, 1.77)
	<0.001
	1.64 (1.52, 1.77)
	<0.001

	
	FCMD→CMM
	1.05 (0.91, 1.22)
	0.488
	1.04 (0.90, 1.21)
	0.563
	1.05 (0.91, 1.22)
	0.485
	1.07 (0.93, 1.22)
	0.331

	
	FCMD→Death
	1.54 (1.35, 1.75)
	<0.001
	1.63 (1.44, 1.85)
	<0.001
	1.59 (1.41, 1.79)
	<0.001
	1.59 (1.41, 1.79)
	<0.001

	
	CMM→Death
	1.73 (1.35, 2.23)
	<0.001
	1.62 (1.27, 2.06)
	<0.001
	1.73 (1.36, 2.19)
	<0.001
	1.61 (1.29, 2.02)
	<0.001


Notes: In all models, age was included as the time scale. All models represent multistate models in which participants without CHIP (n = 359 974) constitute the reference group. CHIP = clonal hematopoiesis of indeterminate potential; CI = confidence interval; FCMD = first cardiometabolic disease; CMM = cardiometabolic multimorbidity; HR = hazard ratio; VAF, variant allele frequency.
Models adjusted for sex, race, Townsend Deprivation Index, body mass index, smoking status, alcohol consumption frequency, meeting physical activity guidelines, sleep duration, and hypertension at baseline. 


Supplemental Table 11. Association of CHIP with CMDs progression in multistate model pattern A in sensitivity analysis 5
	
	For 10% increase in VAF

	
	HR (95% CI)
	P

	No CMD→FCMD
	1.06 (1.03, 1.09)
	<0.001

	No CMD→Death
	1.24 (1.19, 1.29)
	<0.001

	FCMD→CMM
	1.01 (0.94, 1.09)
	0.804

	FCMD→Death
	1.21 (1.13, 1.29)
	<0.001

	CMM→Death
	1.36 (1.20, 1.54)
	<0.001


Notes: In all models, age was included as the time scale. All models represent multistate models in which participants without CHIP (n = 359 974) constitute the reference group. CHIP = clonal hematopoiesis of indeterminate potential; CI = confidence interval; FCMD = first cardiometabolic disease; CMM = cardiometabolic multimorbidity; HR = hazard ratio; VAF, variant allele frequency.
Models adjusted for sex, race, Townsend Deprivation Index, body mass index, smoking status, alcohol consumption frequency, meeting physical activity guidelines, sleep duration, and hypertension at baseline. 


Supplemental Table 12. Association of CHIP with CMDs progression in multistate model pattern A in age and sex subgroup
	CHIP status
	
	Stratified by age
	Stratified by sex

	
	
	Age <60 (n=219 932)
	Age ≥60 (n=151 612)
	
	Women (n=207 271)
	Men (n=164 273)
	

	
	
	HR (95% CI)
	P
	HR (95% CI)
	P
	Pint
	HR (95% CI)
	P
	HR (95% CI)
	P
	Pint

	Any CHIP
	No CMD→FCMD
	1.14 (1.04, 1.25)
	0.004
	1.14 (1.09, 1.20)
	<0.001
	0.773
	1.08 (1.01, 1.15)
	0.020
	1.14 (1.07, 1.20)
	<0.001
	0.705

	
	No CMD→Death
	1.77 (1.54, 2.03)
	<0.001
	1.50 (1.39, 1.61)
	<0.001
	0.016
	1.36 (1.24, 1.50)
	<0.001
	1.53 (1.41, 1.67)
	<0.001
	0.039

	
	FCMD→CMM
	0.99 (0.76, 1.28)
	0.929
	0.99 (0.88, 1.12)
	0.896
	0.951
	1.02 (0.85, 1.22)
	0.829
	1.08 (0.95, 1.24)
	0.251
	0.777

	
	FCMD→Death
	1.17 (0.86, 1.58)
	0.329
	1.33 (1.19, 1.48)
	<0.001
	0.480
	1.32 (1.11, 1.56)
	0.002
	1.43 (1.26, 1.63)
	<0.001
	0.401

	
	CMM→Death
	1.53 (0.81, 2.88)
	0.187
	1.50 (1.23, 1.83)
	<0.001
	0.938
	1.85 (1.33, 2.58)
	<0.001
	1.50 (1.19, 1.89)
	<0.001
	0.403

	CHIP with
VAF ≥10%
	No CMD→FCMD
	1.17 (1.04, 1.31)
	0.007
	1.16 (1.09, 1.23)
	<0.001
	0.720
	1.09 (1.01, 1.19)
	0.035
	1.17 (1.09, 1.25)
	<0.001
	0.563

	
	No CMD→Death
	2.02 (1.71, 2.38)
	<0.001
	1.69 (1.56, 1.84)
	<0.001
	0.035
	1.46 (1.30, 1.64)
	<0.001
	1.80 (1.63, 1.98)
	<0.001
	0.004

	
	FCMD→CMM
	0.82 (0.58, 1.18)
	0.294
	1.04 (0.90, 1.20)
	0.618
	0.278
	1.13 (0.90, 1.40)
	0.293
	1.04 (0.88, 1.24)
	0.624
	0.459

	
	FCMD→Death
	1.52 (1.09, 2.13)
	0.014
	1.49 (1.31, 1.70)
	<0.001
	0.831
	1.47 (1.20, 1.81)
	<0.001
	1.65 (1.42, 1.91)
	<0.001
	0.363

	
	CMM→Death
	1.75 (0.78, 3.94)
	0.177
	1.53 (1.21, 1.94)
	<0.001
	0.703
	1.55 (1.03, 2.34)
	0.038
	1.69 (1.29, 2.21)
	<0.001
	0.588


Notes: In sex subgroup models, age was included as the time scale. All models represent multistate models in which participants without CHIP (n = 359 974) constitute the reference group. CHIP = clonal hematopoiesis of indeterminate potential; CI = confidence interval; FCMD = first cardiometabolic disease; CMM = cardiometabolic multimorbidity; HR = hazard ratio; VAF, variant allele frequency.
Models adjusted for sex, race, Townsend Deprivation Index, body mass index, smoking status, alcohol consumption frequency, meeting physical activity guidelines, sleep duration, and hypertension at baseline. 



Supplemental Figure 1. Flowchart of the Study Design for Primary Analysis.
[image: ]
Notes: WES = whole exome sequencing.


Supplemental Figure 2. Kaplan-Meier survival plots curves for outcomes according to CHIP status at baseline.
[image: ]
Notes: P were derived by log-rank tests. Participants without CMD at baseline (n = 371 544) were included in all analyses. A: for first CMD occurrence; B: for CMM occurrence; C: for all-cause mortality. CHIP status: no CHIP (VAF <2%), small CHIP (VAF 2%–10%), large CHIP (VAF ≥10%). CHIP = clonal hematopoiesis of indeterminate potential; CMD = first cardiometabolic disease; CMM = cardiometabolic multimorbidity.
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