Material S1
Definitions of Study Variables
At baseline, trained interviewers administered standardized, computer-assisted questionnaires to collect information on sociodemographic characteristics, health-related behaviors, self-reported medical history, sleep duration, depressive symptoms, and medication use, following the official CHARLS study protocols.
Educational level was categorized according to the CHARLS educational attainment records. Marital status was dichotomized as married and other, with the latter including separated, divorced, widowed, and never-married participants. Residence was classified according to household registration or residence information. Smoking and drinking status were derived from baseline questionnaire data and were harmonized with commonly used CHARLS conventions.
Self-reported physician-diagnosed chronic diseases included diabetes mellitus, hypertension, heart disease, stroke, cancer, and kidney disease. Information on the use of antidiabetic, antihypertensive, and lipid-lowering medications was also collected based on participant report. For cardiometabolic outcomes, diabetes was defined using self-reported physician diagnosis, antidiabetic medication use, fasting glucose, and HbA1c where available. Heart disease and stroke were defined according to self-reported physician diagnosis across survey waves.
Anthropometric assessments were conducted by trained healthcare personnel using standardized procedures. Measurements included height, weight, and waist circumference. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Waist circumference was used as the anthropometric indicator of central obesity.
Circadian syndrome (CircS) was evaluated at baseline using seven components: reduced sleep duration, depressive symptoms, central obesity, elevated triglycerides, reduced high-density lipoprotein cholesterol, hypertension, and elevated fasting glucose or diabetes-related treatment. The detailed component-specific thresholds and the CircS score calculation are provided separately in the CircS definition table.
Incident cardiometabolic multimorbidity (CMM) was defined as the occurrence of at least two of the following conditions during follow-up: diabetes mellitus, heart disease, and stroke. Incident component outcomes were defined separately for diabetes, heart disease, and stroke. Participants with prevalent heart disease, stroke, or diabetes at baseline were excluded from the main incident-outcome analyses.
All variable definitions were harmonized with established CHARLS documentation and commonly used epidemiological standards to ensure consistency, reproducibility, and comparability with prior population-based studies.
Material S2
Biological Age and Biological Age Acceleration
Klemera–Doubal method biological age (KDM-BA)
KDM-BA was calculated using the Klemera–Doubal method as implemented in the BioAge R package. This method estimates biological age by integrating multiple biomarkers that show systematic age-related variation in an external reference population. In the present study, KDM-BA was derived from seven baseline biomarkers available in CHARLS: systolic blood pressure, blood urea nitrogen, triglycerides, total cholesterol, serum creatinine, C-reactive protein, and HbA1c.
The NHANES III reference dataset included in the BioAge R package was used as the external training dataset. To improve comparability with the CHARLS analytic cohort, the NHANES III training sample was restricted to participants aged 45 years or older before model fitting. The fitted KDM model parameters were then applied to the CHARLS analytic cohort to estimate individual-level KDM-BA.
Before model fitting and prediction, CHARLS biomarker variables were harmonized to match the scale required by the BioAge implementation. Systolic blood pressure was expressed in mmHg, blood urea nitrogen in mg/dL, triglycerides in mg/dL, total cholesterol in mg/dL, and HbA1c as a percentage. Serum creatinine was transformed as log(creatinine + 1). C-reactive protein was first converted from mg/L to mg/dL by dividing by 10 and then transformed as log(CRP in mg/dL ).

Light biological age (Light-BA)
Light-BA was calculated using a parsimonious biomarker-based equation incorporating chronological age and three routinely measured biomarkers reflecting kidney function, glucose metabolism, and systemic inflammation: serum creatinine, fasting glucose, and C-reactive protein. The equation was as follows:
Light-BA = -13.5298 + 1.0000 × chronological age + 8.3313 × creatinine + 0.8270 × glucose + 5.7305 × log(CRP).
In this equation, chronological age was expressed in years, serum creatinine in mg/dL, fasting glucose in mmol/L, and CRP in mg/dL. Fasting glucose was converted from mg/dL to mmol/L by dividing by 18. CRP was converted from mg/L to mg/dL by dividing by 10 before natural log-transformation.
Biological age acceleration
Biological age acceleration was defined as the difference between estimated biological age and chronological age. KDM BioAgeAccel was calculated as KDM-BA minus chronological age, and Light BioAgeAccel was calculated as Light-BA minus chronological age. Positive values indicated a biologically older profile relative to chronological age, whereas negative values indicated a biologically younger profile. Participants with BioAgeAccel values greater than or equal to 0 were classified as biologically older, whereas those with values below 0 were classified as biologically younger.

Material S3
Biomarker Processing and Eligibility Rules for Biological Age Estimation
Baseline biomarker data were processed before biological age estimation to ensure biologically plausible values and consistent measurement units. Variables required for KDM-BA estimation included chronological age, systolic blood pressure, blood urea nitrogen, triglycerides, total cholesterol, serum creatinine, C-reactive protein, and HbA1c. Variables required for Light-BA estimation included chronological age, serum creatinine, fasting glucose, and C-reactive protein.
All biomarkers were converted to the units required for the corresponding biological age algorithms. Serum creatinine was expressed in mg/dL. C-reactive protein was converted from mg/L to mg/dL where required. Fasting glucose was converted from mg/dL to mmol/L for Light-BA calculation. Log-transformations were performed after unit conversion to reduce skewness and to match the input format required by the biological age algorithms.

Eligibility rules
Participants were eligible for biological age estimation if they had non-missing and biologically valid baseline information on chronological age and all biomarkers required for both KDM-BA and Light-BA calculation. Participants with missing, non-positive, or biologically implausible biomarker values were excluded from the complete-case biological age analysis. The resulting biological age variables were then merged back into the analytic cohort for descriptive analyses, Cox regression-related subgroup analyses, and mediation analyses.

Primary variables used in subsequent analyses
The primary biological age indicators used in this study were KDM-BA, Light-BA, KDM BioAgeAccel, and Light BioAgeAccel. KDM BioAgeAccel and Light BioAgeAccel were used to classify participants as biologically younger or biologically older and were subsequently evaluated as mediators in the associations between CircS and incident cardiometabolic outcomes.
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Figure S1. Stratified associations between CircS and heart disease, stroke, diabetes, and CMM. All models were adjusted for age, sex, marital status, educational level, residence, smoking status, drinking status, cancer, CKD, LDL-C, C-reactive protein, hemoglobin, and creatinine. Abbreviations: CKD: chronic kidney disease; LDL-C: low-density lipoprotein cholesterol;  CMM: Cardiometabolic multimorbidity


Table S1. Distribution of Missing Data for CircS, BioAge Acceleration-Related Variables, and Baseline Covariates
	Domain
	Variables
	Missing, N (%)

	CircS-related variables
	Short sleep duration
	1617 (9.1)

	CircS-related variables
	Depressive symptoms
	1671 (9.4)

	CircS-related variables
	Central obesity
	3939 (22.2)

	CircS-related variables
	Elevated triglycerides
	215 (1.2)

	CircS-related variables
	Reduced HDL-C
	217 (1.2)

	CircS-related variables
	Hypertension
	146 (0.8)

	CircS-related variables
	Elevated glucose
	144 (0.8)

	CircS-related variables
	CircS score
	7945 (44.8)

	CircS-related variables
	CircS status
	7945 (44.8)

	BioAge acceleration-related variables
	Chronological age
	175 (1)

	BioAge acceleration-related variables
	Systolic blood pressure
	3968 (22.4)

	BioAge acceleration-related variables
	Blood urea nitrogen
	6046 (34.1)

	BioAge acceleration-related variables
	Triglycerides
	6052 (34.2)

	BioAge acceleration-related variables
	Total cholesterol
	6053 (34.2)

	BioAge acceleration-related variables
	Creatinine
	6074 (34.3)

	BioAge acceleration-related variables
	C-reactive protein
	6044 (34.1)

	BioAge acceleration-related variables
	HbA1c
	6002 (33.9)

	BioAge acceleration-related variables
	Glucose
	6072 (34.3)

	Baseline covariates
	Age
	175 (1)

	Baseline covariates
	Sex
	2 (0)

	Baseline covariates
	Residence
	0 (0)

	Baseline covariates
	Current smoking
	801 (4.5)

	Baseline covariates
	Current drinking
	156 (0.9)

	Baseline covariates
	Marital status
	12 (0.1)

	Baseline covariates
	Education level
	16 (0.1)

	Baseline covariates
	Cancer
	222 (1.3)

	Baseline covariates
	Kidney disease
	256 (1.4)

	Baseline covariates
	LDL-C
	6066 (34.3)

	Baseline covariates
	C-reactive protein
	6044 (34.1)

	Baseline covariates
	Hemoglobin
	6178 (34.9)

	Baseline covariates
	Creatinine
	6074 (34.3)



Abbreviations: CircS, circadian syndrome; BioAge, biological age; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c, glycated hemoglobin; CRP, C-reactive protein. Percentages were calculated using the baseline merged population as the denominator, N = 17708. BioAge acceleration-related variables were defined according to the inputs required for KDM7 BioAge and Light BioAge calculation. 


Table S2. Baseline characteristics of participants in analytic cohort and excluded cohort
	Variables
	Analytic cohort
(N = 6260)
	Total excluded cohort
(N = 11448)
	CircS-missing excluded cohort
(N = 7945)

	Age (years), median (IQR)
	57.0 (51.0, 64.0)
	57.0 (50.0, 65.0)
	57.0 (50.0, 65.0)

	Gender, n (%)
	
	
	

	    Male
	2979 (47.6)
	5499 (48.0)
	4043 (50.9)

	    Female
	3281 (52.4)
	5947 (52.0)
	3902 (49.1)

	Residence, n (%)
	
	
	

	    Rural
	4241 (67.7)
	6296 (55.0)
	4272 (53.8)

	    Urban
	2019 (32.3)
	5152 (45.0)
	3673 (46.2)

	Educational level, n (%)
	
	
	

	    No formal education
	1832 (29.3)
	3019 (26.4)
	2056 (25.9)

	    Primary school
	2577 (41.2)
	4343 (38.0)
	2893 (36.4)

	    Middle school
	1248 (19.9)
	3757 (32.9)
	2738 (34.5)

	    High school or above
	603 (9.6)
	313 (2.7)
	252 (3.2)

	Marital status, n (%)
	
	
	

	    Married
	5294 (84.6)
	8876 (77.6)
	6018 (75.8)

	    Other
	966 (15.4)
	2560 (22.4)
	1917 (24.2)

	Smoking status, n (%)
	
	
	

	    Current
	2004 (32.0)
	2867 (26.9)
	2009 (27.9)

	    Ever
	0 (0.0)
	0 (0.0)
	0 (0.0)

	    Never
	4256 (68.0)
	7780 (73.1)
	5179 (72.1)

	Drinking status, n (%)
	
	
	

	    Current/Ever
	2147 (34.3)
	3620 (32.1)
	2642 (33.9)

	    Never
	4113 (65.7)
	7672 (67.9)
	5161 (66.1)

	Cancer, n (%)
	
	
	

	    Yes
	40 (0.6)
	127 (1.1)
	82 (1.1)

	Kidney disease, n (%)
	
	
	

	    Yes
	305 (4.9)
	674 (6.0)
	422 (5.5)

	LDL-C (mg/dL), median (IQR)
	113.7 (93.2, 136.1)
	114.0 (92.0, 137.6)
	114.0 (92.4, 136.9)

	C-reactive protein (mg/L), median (IQR)
	0.9 (0.5, 2.0)
	1.1 (0.6, 2.5)
	1.1 (0.6, 2.3)

	Hemoglobin (g/dL), median (IQR)
	14.2 (13.0, 15.5)
	14.3 (13.1, 15.6)
	14.3 (13.2, 15.7)

	Creatinine (mg/dL), median (IQR)
	0.8 (0.6, 0.9)
	0.8 (0.7, 0.9)
	0.8 (0.7, 0.9)


All values are presented as number and proportion for categorical variables, and median (interquartile range) for continuous variables. The CircS-missing excluded cohort refers to participants excluded at the step of missing or non-calculable baseline CircS.


Table S3. Definition and calculation of circadian syndrome (CircS)
	Component
	Definition criteria / calculation

	Circadian syndrome (CircS)
	CircS score = Sleep↓ + Depression + CO + TG↑ + HDL↓ + BP↑ + Glu↑. Participants with a CircS score ≥4 were classified as having CircS; otherwise, participants were classified as not having CircS.

	Reduced sleep duration (Sleep↓)
	Self-reported nighttime sleep duration <6 h.

	Depressive symptoms
	Center for Epidemiologic Studies Depression Scale, 10-item version (CES-D-10) score ≥10.

	Central obesity (CO)
	Waist circumference ≥85 cm in men or ≥80 cm in women.

	Elevated triglycerides (TG↑)
	Triglycerides ≥150 mg/dL or use of lipid-lowering medication.

	Reduced high-density lipoprotein cholesterol (HDL↓)
	HDL-C <40 mg/dL in men, <50 mg/dL in women, or use of lipid-lowering medication.

	Elevated blood pressure / hypertension (BP↑)
	Systolic blood pressure ≥130 mmHg, diastolic blood pressure ≥85 mmHg, self-reported hypertension, or use of antihypertensive medication.

	Elevated fasting blood glucose (Glu↑)
	Fasting blood glucose ≥100 mg/dL, self-reported diabetes, or use of antidiabetic medication.


Each component was coded as a binary variable (1 = criterion met; 0 = criterion not met). Participants with missing values in any component were not assigned a CircS score in the complete-case analysis. Abbreviations: CircS, circadian syndrome; CES-D-10, 10-item Center for Epidemiologic Studies Depression Scale; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; SBP, systolic blood pressure; DBP, diastolic blood pressure.


Table S4. Multicollinearity evaluation for all terms included in each multivariable model through variance inflation factor (VIF) analysis
A. Exposure: CircS
	Model
	Feature
	Heart disease
	Stroke
	Diabetes
	CMM

	Model1
	CircS
	1.044
	1.044
	1.044
	1.044

	
	Age
	1.013
	1.013
	1.013
	1.013

	
	Sex
	1.046
	1.045
	1.045
	1.045

	Model2
	CircS
	1.050
	1.050
	1.050
	1.050

	
	Age
	1.345
	1.345
	1.344
	1.345

	
	Sex
	2.084
	2.084
	2.083
	2.084

	
	Marital status
	1.145
	1.145
	1.144
	1.145

	
	Educational level
	1.742
	1.742
	1.741
	1.742

	
	Residence
	1.076
	1.076
	1.076
	1.076

	
	Smoking status
	1.599
	1.599
	1.600
	1.599

	
	Drinking status
	1.310
	1.310
	1.311
	1.310

	
	Cancer
	1.005
	1.005
	1.005
	1.005

	
	Kidney disease
	1.004
	1.004
	1.004
	1.004

	Model3
	CircS
	1.068
	1.068
	1.068
	1.068

	
	Age
	1.385
	1.385
	1.383
	1.385

	
	Sex
	2.498
	2.498
	2.496
	2.498

	
	Marital status
	1.146
	1.146
	1.146
	1.146

	
	Educational level
	1.744
	1.744
	1.743
	1.744

	
	Residence
	1.085
	1.085
	1.085
	1.085

	
	Smoking status
	1.606
	1.606
	1.607
	1.606

	
	Drinking status
	1.313
	1.313
	1.314
	1.313

	
	Cancer
	1.006
	1.006
	1.006
	1.006

	
	Kidney disease
	1.014
	1.014
	1.014
	1.014

	
	LDL-C
	1.039
	1.039
	1.039
	1.039

	
	C-reactive protein
	1.011
	1.011
	1.011
	1.011

	
	Hemoglobin
	1.185
	1.185
	1.184
	1.185

	
	Creatinine
	1.293
	1.293
	1.293
	1.293




B. Exposure: CircS score
	Model
	Feature
	Heart disease
	Stroke
	Diabetes
	CMM

	Model1
	CircS score
	1.063
	1.063
	1.063
	1.063

	
	Age
	1.020
	1.020
	1.019
	1.020

	
	Sex
	1.060
	1.060
	1.060
	1.060

	Model2
	CircS score
	1.072
	1.072
	1.071
	1.072

	
	Age
	1.350
	1.350
	1.349
	1.350

	
	Sex
	2.089
	2.089
	2.088
	2.089

	
	Marital status
	1.145
	1.145
	1.144
	1.145

	
	Educational level
	1.742
	1.742
	1.741
	1.742

	
	Residence
	1.077
	1.077
	1.077
	1.077

	
	Smoking status
	1.600
	1.600
	1.601
	1.600

	
	Drinking status
	1.310
	1.310
	1.311
	1.310

	
	Cancer
	1.006
	1.006
	1.006
	1.006

	
	Kidney disease
	1.004
	1.004
	1.004
	1.004

	Model3
	CircS score
	1.094
	1.094
	1.094
	1.094

	
	Age
	1.390
	1.390
	1.388
	1.390

	
	Sex
	2.506
	2.506
	2.503
	2.506

	
	Marital status
	1.147
	1.147
	1.146
	1.147

	
	Educational level
	1.744
	1.744
	1.743
	1.744

	
	Residence
	1.086
	1.086
	1.086
	1.086

	
	Smoking status
	1.607
	1.607
	1.608
	1.607

	
	Drinking status
	1.313
	1.313
	1.314
	1.313

	
	Cancer
	1.006
	1.006
	1.006
	1.006

	
	Kidney disease
	1.014
	1.014
	1.014
	1.014

	
	LDL-C
	1.039
	1.039
	1.039
	1.039

	
	C-reactive protein
	1.011
	1.011
	1.011
	1.011

	
	Hemoglobin
	1.188
	1.188
	1.188
	1.188

	
	Creatinine
	1.293
	1.293
	1.293
	1.293



Note:  Values are VIFs calculated from the model matrix of each Cox proportional hazards model. Values are shown separately for each outcome-specific model and were not summarized across outcomes. For categorical variables, the highest VIF among the corresponding dummy-coded model-matrix columns is reported. Model 1 was adjusted for age and sex. Model 2 was further adjusted for marital status, educational level, residence, smoking status, drinking status, cancer history, and kidney disease. Model 3 was additionally adjusted for LDL-C, C-reactive protein, hemoglobin, and creatinine. All VIF values were below 5, indicating no evidence of substantial multicollinearity in the multivariable Cox models. 
Abbreviations: CMM, cardiometabolic multimorbidity; CRP, C-reactive protein; LDL-C, low-density lipoprotein cholesterol; VIF, variance inflation factor.


Table S5 Supplementary baseline characteristics of participants
	Variables
	Total (N = 6260)
	Non-CircS (N = 4258)
	CircS (N = 2002)
	P value

	WBC (10^9/L), mean (SD)
	6.20 (1.86)
	6.11 (1.82)
	6.41 (1.93)
	< 0.001

	MCV (fL), mean (SD)
	90.72 (8.59)
	90.90 (8.75)
	90.35 (8.21)
	0.015

	Platelets (10^9/L), mean (SD)
	211.67 (73.04)
	208.97 (72.23)
	217.44 (74.43)
	< 0.001

	BUN (mg/dL), mean (SD)
	15.68 (4.40)
	15.87 (4.45)
	15.27 (4.28)
	< 0.001

	FPG (mg/dL), mean (SD)
	101.20 (14.51)
	98.48 (12.67)
	106.98 (16.35)
	< 0.001

	Creatinine (mg/dL), median (IQR)
	0.76 (0.64, 0.88)
	0.76 (0.66, 0.88)
	0.75 (0.64, 0.86)
	< 0.001

	TC (mg/dL), mean (SD)
	191.94 (36.91)
	188.94 (34.95)
	198.31 (40.04)
	< 0.001

	TG (mg/dL), median (IQR)
	100.00 (72.57, 144.26)
	86.73 (66.38, 115.93)
	153.99 (103.54, 205.32)
	< 0.001

	HDL-C (mg/dL), mean (SD)
	52.44 (15.02)
	56.11 (14.51)
	44.63 (12.95)
	< 0.001

	LDL-C (mg/dL), mean (SD)
	116.18 (33.56)
	115.17 (31.65)
	118.34 (37.21)
	0.001

	CRP (mg/L), median (IQR)
	0.94 (0.52, 1.97)
	0.82 (0.47, 1.73)
	1.24 (0.66, 2.50)
	< 0.001

	HbA1c (%), mean (SD)
	5.10 (0.40)
	5.08 (0.38)
	5.15 (0.42)
	< 0.001

	Uric acid (mg/dL), mean (SD)
	4.42 (1.22)
	4.37 (1.20)
	4.53 (1.25)
	< 0.001

	Hematocrit (%), mean (SD)
	41.61 (6.08)
	41.58 (6.04)
	41.66 (6.15)
	0.666

	HGB (g/dL), median (IQR)
	14.20 (13.00, 15.50)
	14.10 (12.90, 15.50)
	14.30 (13.10, 15.50)
	0.046

	Cystatin C (mg/L), mean (SD)
	1.02 (0.28)
	1.02 (0.24)
	1.00 (0.34)
	0.016





All values are presented as number and proportion for categorical variables, and mean (SD) or median (IQR) for continuous variables, as appropriate.
Abbreviations:  WBC: white blood cell count; MCV: mean corpuscular volume;  BUN: blood urea nitrogen; FPG: fasting plasma glucose; TC: total cholesterol; TG: triglyceride; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; CRP: C-reactive protein; HbA1c: hemoglobin A1c; HGB: hemoglobin; SBP: systolic blood pressure;  SD, standard deviation; IQR, interquartile range.


Table S6  Baseline characteristics of participants by KDM BioAge acceleration
	Variables
	Total (N = 6260)
	KDM Biologically younger (N = 4156)
	KDM Biologically older (N = 2104)
	P value

	Age (years), mean (SD)
	58.47 (9.11)
	59.04 (9.21)
	57.36 (8.81)
	< 0.001

	Sex, n (%)
	
	
	
	< 0.001

	  Female
	3281 (52.4)
	2485 (59.8)
	796 (37.8)
	

	  Male
	2979 (47.6)
	1671 (40.2)
	1308 (62.2)
	

	Education, n (%)
	
	
	
	< 0.001

	  No formal education
	1832 (29.3)
	1336 (32.1)
	496 (23.6)
	

	  Primary school
	2577 (41.2)
	1700 (40.9)
	877 (41.7)
	

	  Middle school
	1248 (19.9)
	731 (17.6)
	517 (24.6)
	

	  High school or above
	603 (9.6)
	389 (9.4)
	214 (10.2)
	

	Marital status, n (%)
	
	
	
	0.025

	  Other
	966 (15.4)
	672 (16.2)
	294 (14.0)
	

	  Married
	5294 (84.6)
	3484 (83.8)
	1810 (86.0)
	

	Residence, n (%)
	
	
	
	0.046

	  Urban
	2019 (32.3)
	1305 (31.4)
	714 (33.9)
	

	  Rural
	4241 (67.7)
	2851 (68.6)
	1390 (66.1)
	

	Drinking status, n (%)
	
	
	
	< 0.001

	  No
	4113 (65.7)
	2895 (69.7)
	1218 (57.9)
	

	  Yes
	2147 (34.3)
	1261 (30.3)
	886 (42.1)
	

	Smoking status, n (%)
	
	
	
	< 0.001

	  No
	4256 (68.0)
	3023 (72.7)
	1233 (58.6)
	

	  Yes
	2004 (32.0)
	1133 (27.3)
	871 (41.4)
	

	Cancer, n (%)
	
	
	
	0.020

	  No
	6220 (99.4)
	4122 (99.2)
	2098 (99.7)
	

	  Yes
	40 (0.6)
	34 (0.8)
	6 (0.3)
	

	CKD, n (%)
	
	
	
	0.003

	  No
	5955 (95.1)
	3978 (95.7)
	1977 (94.0)
	

	  Yes
	305 (4.9)
	178 (4.3)
	127 (6.0)
	

	New on heart disease, n (%)
	1165 (18.6)
	758 (18.2)
	407 (19.3)
	0.306

	New on stroke, n (%)
	510 (8.1)
	302 (7.3)
	208 (9.9)
	< 0.001

	New on diabetes, n (%)
	891 (14.3)
	567 (13.7)
	324 (15.5)
	0.062

	New on CMM, n (%)
	373 (6.0)
	225 (5.4)
	148 (7.0)
	0.012




Data are presented as mean (SD) or n (%), as appropriate. Differences between groups were examined using Student's t-test, Chi-square test, or Fisher exact test, depending on data types and expected cell counts. Abbreviations: CKD, chronic kidney disease; CMM, cardiometabolic multimorbidity; SD, standard deviation.



Table S7  Baseline characteristics of participants by Light BioAge acceleration
	Variables
	Total (N = 6260)
	Light Biologically younger (N = 5078)
	Light Biologically older (N = 1182)
	P value

	Age (years), mean (SD)
	58.47 (9.11)
	57.80 (8.89)
	61.36 (9.51)
	< 0.001

	Sex, n (%)
	
	
	
	< 0.001

	  Female
	3281 (52.4)
	2984 (58.8)
	297 (25.1)
	

	  Male
	2979 (47.6)
	2094 (41.2)
	885 (74.9)
	

	Education, n (%)
	
	
	
	< 0.001

	  No formal education
	1832 (29.3)
	1575 (31.0)
	257 (21.7)
	

	  Primary school
	2577 (41.2)
	2017 (39.7)
	560 (47.4)
	

	  Middle school
	1248 (19.9)
	994 (19.6)
	254 (21.5)
	

	  High school or above
	603 (9.6)
	492 (9.7)
	111 (9.4)
	

	Marital status, n (%)
	
	
	
	0.865

	  Other
	966 (15.4)
	786 (15.5)
	180 (15.2)
	

	  Married
	5294 (84.6)
	4292 (84.5)
	1002 (84.8)
	

	Residence, n (%)
	
	
	
	< 0.001

	  Urban
	2019 (32.3)
	1584 (31.2)
	435 (36.8)
	

	  Rural
	4241 (67.7)
	3494 (68.8)
	747 (63.2)
	

	Drinking status, n (%)
	
	
	
	< 0.001

	  No
	4113 (65.7)
	3438 (67.7)
	675 (57.1)
	

	  Yes
	2147 (34.3)
	1640 (32.3)
	507 (42.9)
	

	Smoking status, n (%)
	
	
	
	< 0.001

	  No
	4256 (68.0)
	3620 (71.3)
	636 (53.8)
	

	  Yes
	2004 (32.0)
	1458 (28.7)
	546 (46.2)
	

	Cancer, n (%)
	
	
	
	0.405

	  No
	6220 (99.4)
	5043 (99.3)
	1177 (99.6)
	

	  Yes
	40 (0.6)
	35 (0.7)
	5 (0.4)
	

	CKD, n (%)
	
	
	
	0.001

	  No
	5955 (95.1)
	4853 (95.6)
	1102 (93.2)
	

	  Yes
	305 (4.9)
	225 (4.4)
	80 (6.8)
	

	New on heart disease, n (%)
	1165 (18.6)
	941 (18.5)
	224 (19.0)
	0.772

	New on stroke, n (%)
	510 (8.1)
	390 (7.7)
	120 (10.2)
	0.006

	New on diabetes, n (%)
	891 (14.3)
	693 (13.7)
	198 (16.8)
	0.006

	New on CMM, n (%)
	373 (6.0)
	277 (5.5)
	96 (8.1)
	< 0.001


Data are presented as mean (SD) or n (%), as appropriate. Differences between groups were examined using Student's t-test, Chi-square test, or Fisher exact test, depending on data types and expected cell counts. Abbreviations: CKD, chronic kidney disease; CMM, cardiometabolic multimorbidity; SD, standard deviation.



Table S8. Association of CircS and CircS score with incident outcomes using a competing risk model
	Outcome
	Exposure
	N
	Events
	Competing
deaths
	SHR (95%
CI)
	P value

	Incident
heart disease
	Non-CircS
	6259
	1165
	531
	1.00
(Reference)
	

	
	CircS
	6259
	1165
	531
	1.30 (1.16, 1.47)
	<0.001

	
	CircS score,
per 1-point
increase
	6259
	1165
	531
	1.13 (1.09, 1.17)
	<0.001

	Incident
stroke
	Non-CircS
	6260
	510
	573
	1.00
(Reference)
	

	
	CircS
	6260
	510
	573
	2.11 (1.77, 2.53)
	<0.001

	
	CircS score,
per 1-point
increase
	6260
	510
	573
	1.31 (1.24, 1.38)
	<0.001

	Incident
diabetes
	Non-CircS
	6249
	891
	556
	1.00
(Reference)
	

	
	CircS
	6249
	891
	556
	2.12 (1.86, 2.42)
	<0.001

	
	CircS score,
per 1-point
increase
	6249
	891
	556
	1.34 (1.29, 1.40)
	<0.001

	Incident
CMM
	Non-CircS
	6260
	373
	594
	1.00
(Reference)
	

	
	CircS
	6260
	373
	594
	2.39 (1.94, 2.95)
	<0.001

	
	CircS score,
per 1-point
increase
	6260
	373
	594
	1.41 (1.33, 1.50)
	<0.001




Table S9. Subgroup analysis of the association between CircS and incident heart disease
	Subgroup
	Level
	N
	Events, n (%)
	Non-CircS events, n/N (%)
	CircS events, n/N (%)
	HR (95% CI)
	P value
	P for interaction

	Age
	<60 years
	3682
	592 (16.1%)
	378/2596 (14.6%)
	214/1086 (19.7%)
	1.28 (1.08, 1.53)
	0.004
	0.931

	
	≥60 years
	2577
	573 (22.2%)
	323/1661 (19.4%)
	250/916 (27.3%)
	1.34 (1.13, 1.60)
	<0.001
	

	Sex
	Female
	3280
	701 (21.4%)
	369/1957 (18.9%)
	332/1323 (25.1%)
	1.29 (1.11, 1.50)
	0.001
	0.734

	
	Male
	2979
	464 (15.6%)
	332/2300 (14.4%)
	132/679 (19.4%)
	1.38 (1.12, 1.69)
	0.002
	

	Residence
	Urban
	2018
	372 (18.4%)
	203/1308 (15.5%)
	169/710 (23.8%)
	1.38 (1.12, 1.71)
	0.003
	0.241

	
	Rural
	4241
	793 (18.7%)
	498/2949 (16.9%)
	295/1292 (22.8%)
	1.26 (1.09, 1.47)
	0.002
	

	Smoking status
	No
	4255
	852 (20.0%)
	476/2724 (17.5%)
	376/1531 (24.6%)
	1.33 (1.16, 1.53)
	<0.001
	0.539

	
	Yes
	2004
	313 (15.6%)
	225/1533 (14.7%)
	88/471 (18.7%)
	1.21 (0.94, 1.56)
	0.139
	

	Drinking status
	No
	4112
	823 (20.0%)
	466/2633 (17.7%)
	357/1479 (24.1%)
	1.30 (1.13, 1.50)
	<0.001
	0.975

	
	Yes
	2147
	342 (15.9%)
	235/1624 (14.5%)
	107/523 (20.5%)
	1.29 (1.02, 1.64)
	0.034
	

	KDM BioAgeAccel
	Biologically younger
	4155
	758 (18.2%)
	473/2958 (16.0%)
	285/1197 (23.8%)
	1.32 (1.13, 1.53)
	<0.001
	0.149

	
	Biologically older
	2104
	407 (19.3%)
	228/1299 (17.6%)
	179/805 (22.2%)
	1.24 (1.01, 1.52)
	0.044
	

	Light BioAgeAccel
	Biologically younger
	5077
	941 (18.5%)
	584/3546 (16.5%)
	357/1531 (23.3%)
	1.27 (1.10, 1.45)
	<0.001
	0.806

	
	Biologically older
	1182
	224 (19.0%)
	117/711 (16.5%)
	107/471 (22.7%)
	1.39 (1.06, 1.83)
	0.019
	


[bookmark: _GoBack]Data are presented as hazard ratio (HR) and 95% confidence interval (CI) from multivariable Cox proportional hazards models. The reference group was Non-CircS within each subgroup stratum. Models were adjusted for age, sex, marital status, educational level, residence, smoking status, drinking status, cancer, kidney disease, LDL-C, C-reactive protein, hemoglobin, and creatinine; the stratification variable was omitted from the adjustment set when applicable. For each subgroup analysis, the stratification variable was not included as an adjustment covariate when applicable. The P values marked in bold indicate statistical significance. Sample sizes differed slightly across outcome-specific competing-risk models because of outcome-specific follow-up or competing-event information availability.
Abbreviations: CircS, circadian syndrome; CI, confidence interval; CMM, cardiometabolic multimorbidity; HR, hazard ratio; KDM, Klemera-Doubal method; LDL-C, low-density lipoprotein cholesterol


Table S10. Subgroup analysis of the association between CircS and incident stroke
	Subgroup
	Level
	N
	Events, n (%)
	Non-CircS events, n/N (%)
	CircS events, n/N (%)
	HR (95% CI)
	P value
	P for interaction

	Age
	<60 years
	3682
	240 (6.5%)
	124/2596 (4.8%)
	116/1086 (10.7%)
	2.55 (1.96, 3.31)
	<0.001
	0.134

	
	≥60 years
	2578
	270 (10.5%)
	137/1662 (8.2%)
	133/916 (14.5%)
	1.78 (1.38, 2.29)
	<0.001
	

	Sex
	Female
	3281
	249 (7.6%)
	94/1958 (4.8%)
	155/1323 (11.7%)
	2.23 (1.72, 2.90)
	<0.001
	0.432

	
	Male
	2979
	261 (8.8%)
	167/2300 (7.3%)
	94/679 (13.8%)
	2.03 (1.57, 2.63)
	<0.001
	

	Residence
	Urban
	2019
	154 (7.6%)
	71/1309 (5.4%)
	83/710 (11.7%)
	2.00 (1.43, 2.79)
	<0.001
	0.973

	
	Rural
	4241
	356 (8.4%)
	190/2949 (6.4%)
	166/1292 (12.8%)
	2.16 (1.74, 2.69)
	<0.001
	

	Smoking status
	No
	4256
	333 (7.8%)
	146/2725 (5.4%)
	187/1531 (12.2%)
	2.31 (1.84, 2.89)
	<0.001
	0.249

	
	Yes
	2004
	177 (8.8%)
	115/1533 (7.5%)
	62/471 (13.2%)
	1.85 (1.34, 2.54)
	<0.001
	

	Drinking status
	No
	4113
	333 (8.1%)
	158/2634 (6.0%)
	175/1479 (11.8%)
	2.13 (1.70, 2.66)
	<0.001
	0.679

	
	Yes
	2147
	177 (8.2%)
	103/1624 (6.3%)
	74/523 (14.1%)
	2.17 (1.59, 2.96)
	<0.001
	

	KDM BioAgeAccel
	Biologically younger
	4156
	302 (7.3%)
	152/2959 (5.1%)
	150/1197 (12.5%)
	2.44 (1.92, 3.09)
	<0.001
	0.009

	
	Biologically older
	2104
	208 (9.9%)
	109/1299 (8.4%)
	99/805 (12.3%)
	1.60 (1.20, 2.13)
	0.001
	

	Light BioAgeAccel
	Biologically younger
	5078
	390 (7.7%)
	200/3547 (5.6%)
	190/1531 (12.4%)
	2.23 (1.80, 2.75)
	<0.001
	0.091

	
	Biologically older
	1182
	120 (10.2%)
	61/711 (8.6%)
	59/471 (12.5%)
	1.73 (1.19, 2.52)
	0.004
	


Data are presented as hazard ratio (HR) and 95% confidence interval (CI) from multivariable Cox proportional hazards models. The reference group was Non-CircS within each subgroup stratum. Models were adjusted for age, sex, marital status, educational level, residence, smoking status, drinking status, cancer, kidney disease, LDL-C, C-reactive protein, hemoglobin, and creatinine; the stratification variable was omitted from the adjustment set when applicable. For each subgroup analysis, the stratification variable was not included as an adjustment covariate when applicable. The P values marked in bold indicate statistical significance. Abbreviations: CircS, circadian syndrome; CI, confidence interval; CMM, cardiometabolic multimorbidity; HR, hazard ratio; KDM, Klemera-Doubal method; LDL-C, low-density lipoprotein cholesterol.


Table S11. Subgroup analysis of the association between CircS and incident diabetes
	Subgroup
	Level
	N
	Events, n (%)
	Non-CircS events, n/N (%)
	CircS events, n/N (%)
	HR (95% CI)
	P value
	P for interaction

	Age
	<60 years
	3674
	495 (13.5%)
	265/2589 (10.2%)
	230/1085 (21.2%)
	2.23 (1.86, 2.67)
	<0.001
	0.752

	
	≥60 years
	2566
	396 (15.4%)
	186/1654 (11.2%)
	210/912 (23.0%)
	2.11 (1.71, 2.60)
	<0.001
	

	Sex
	Female
	3275
	514 (15.7%)
	214/1954 (11.0%)
	300/1321 (22.7%)
	2.17 (1.82, 2.60)
	<0.001
	0.935

	
	Male
	2965
	377 (12.7%)
	237/2289 (10.4%)
	140/676 (20.7%)
	2.14 (1.73, 2.66)
	<0.001
	

	Residence
	Urban
	2012
	261 (13.0%)
	112/1304 (8.6%)
	149/708 (21.0%)
	2.48 (1.92, 3.20)
	<0.001
	0.148

	
	Rural
	4228
	630 (14.9%)
	339/2939 (11.5%)
	291/1289 (22.6%)
	2.04 (1.74, 2.41)
	<0.001
	

	Smoking status
	No
	4247
	644 (15.2%)
	294/2719 (10.8%)
	350/1528 (22.9%)
	2.22 (1.90, 2.61)
	<0.001
	0.535

	
	Yes
	1993
	247 (12.4%)
	157/1524 (10.3%)
	90/469 (19.2%)
	2.04 (1.56, 2.66)
	<0.001
	

	Drinking status
	No
	4100
	610 (14.9%)
	280/2626 (10.7%)
	330/1474 (22.4%)
	2.21 (1.88, 2.61)
	<0.001
	0.471

	
	Yes
	2140
	281 (13.1%)
	171/1617 (10.6%)
	110/523 (21.0%)
	2.03 (1.58, 2.60)
	<0.001
	

	KDM BioAgeAccel
	Biologically younger
	4145
	567 (13.7%)
	305/2949 (10.3%)
	262/1196 (21.9%)
	2.17 (1.82, 2.57)
	<0.001
	0.647

	
	Biologically older
	2095
	324 (15.5%)
	146/1294 (11.3%)
	178/801 (22.2%)
	2.06 (1.64, 2.60)
	<0.001
	

	Light BioAgeAccel
	Biologically younger
	5064
	693 (13.7%)
	368/3536 (10.4%)
	325/1528 (21.3%)
	2.04 (1.75, 2.39)
	<0.001
	0.647

	
	Biologically older
	1176
	198 (16.8%)
	83/707 (11.7%)
	115/469 (24.5%)
	2.11 (1.57, 2.83)
	<0.001
	


Data are presented as hazard ratio (HR) and 95% confidence interval (CI) from multivariable Cox proportional hazards models. The reference group was Non-CircS within each subgroup stratum. Models were adjusted for age, sex, marital status, educational level, residence, smoking status, drinking status, cancer, kidney disease, LDL-C, C-reactive protein, hemoglobin, and creatinine; the stratification variable was omitted from the adjustment set when applicable. For each subgroup analysis, the stratification variable was not included as an adjustment covariate when applicable. The P values marked in bold indicate statistical significance. Abbreviations: CircS, circadian syndrome; CI, confidence interval; CMM, cardiometabolic multimorbidity; HR, hazard ratio; KDM, Klemera-Doubal method; LDL-C, low-density lipoprotein cholesterol.



Table S12. Subgroup analysis of the association between CircS and incident CMM
	Subgroup
	Level
	N
	Events, n (%)
	Non-CircS events, n/N (%)
	CircS events, n/N (%)
	HR (95% CI)
	P value
	P for interaction

	Age
	<60 years
	3682
	188 (5.1%)
	93/2596 (3.6%)
	95/1086 (8.7%)
	2.64 (1.97, 3.54)
	<0.001
	0.594

	
	≥60 years
	2578
	185 (7.2%)
	81/1662 (4.9%)
	104/916 (11.4%)
	2.19 (1.61, 2.97)
	<0.001
	

	Sex
	Female
	3281
	213 (6.5%)
	77/1958 (3.9%)
	136/1323 (10.3%)
	2.48 (1.87, 3.30)
	<0.001
	0.544

	
	Male
	2979
	160 (5.4%)
	97/2300 (4.2%)
	63/679 (9.3%)
	2.30 (1.66, 3.19)
	<0.001
	

	Residence
	Urban
	2019
	116 (5.7%)
	45/1309 (3.4%)
	71/710 (10.0%)
	2.67 (1.80, 3.96)
	<0.001
	0.242

	
	Rural
	4241
	257 (6.1%)
	129/2949 (4.4%)
	128/1292 (9.9%)
	2.29 (1.77, 2.96)
	<0.001
	

	Smoking status
	No
	4256
	274 (6.4%)
	113/2725 (4.1%)
	161/1531 (10.5%)
	2.54 (1.97, 3.26)
	<0.001
	0.385

	
	Yes
	2004
	99 (4.9%)
	61/1533 (4.0%)
	38/471 (8.1%)
	2.13 (1.40, 3.22)
	<0.001
	

	Drinking status
	No
	4113
	249 (6.1%)
	106/2634 (4.0%)
	143/1479 (9.7%)
	2.43 (1.87, 3.15)
	<0.001
	0.896

	
	Yes
	2147
	124 (5.8%)
	68/1624 (4.2%)
	56/523 (10.7%)
	2.30 (1.58, 3.34)
	<0.001
	

	KDM BioAgeAccel
	Biologically younger
	4156
	225 (5.4%)
	106/2959 (3.6%)
	119/1197 (9.9%)
	2.50 (1.90, 3.29)
	<0.001
	0.126

	
	Biologically older
	2104
	148 (7.0%)
	68/1299 (5.2%)
	80/805 (9.9%)
	2.09 (1.49, 2.94)
	<0.001
	

	Light BioAgeAccel
	Biologically younger
	5078
	277 (5.5%)
	133/3547 (3.7%)
	144/1531 (9.4%)
	2.29 (1.78, 2.93)
	<0.001
	0.529

	
	Biologically older
	1182
	96 (8.1%)
	41/711 (5.8%)
	55/471 (11.7%)
	2.27 (1.48, 3.47)
	<0.001
	


Data are presented as hazard ratio (HR) and 95% confidence interval (CI) from multivariable Cox proportional hazards models. The reference group was Non-CircS within each subgroup stratum. Models were adjusted for age, sex, marital status, educational level, residence, smoking status, drinking status, cancer, kidney disease, LDL-C, C-reactive protein, hemoglobin, and creatinine; the stratification variable was omitted from the adjustment set when applicable. For each subgroup analysis, the stratification variable was not included as an adjustment covariate when applicable. The P values marked in bold indicate statistical significance. Abbreviations: CircS, circadian syndrome; CI, confidence interval; CMM, cardiometabolic multimorbidity; HR, hazard ratio; KDM, Klemera-Doubal method; LDL-C, low-density lipoprotein cholesterol.


Table S13  Mediation effects of biological aging acceleration in the association between CircS and incident cardiometabolic outcomes
	Outcome
	Aging
Acceleration
	ACME
	ADE
	Total effect
	PE

	
	
	Estimate
(95%
CI)
	P value
	Estimate
(95%
CI)
	P value
	Estimate
(95%
CI)
	P value
	

	Incident
diabetes
	KDM
BioAgeAccel
	0.028
(0.005, 0.053)
	0.028
	0.748
(0.604, 0.874)
	<0.001
	0.776
(0.635, 0.904)
	<0.001
	0.052

	
	Light
BioAgeAccel
	0.062
(0.038, 0.089)
	<0.001
	0.719
(0.582, 0.856)
	<0.001
	0.782
(0.644, 0.920)
	<0.001
	0.111

	Incident
heart
disease
	KDM
BioAgeAccel
	0.021
(-0.003, 0.044)
	0.055
	0.266
(0.144, 0.388)
	<0.001
	0.288
(0.164, 0.411)
	<0.001
	0.085

	
	Light
BioAgeAccel
	0.001
(-0.021, 0.021)
	0.896
	0.285
(0.163, 0.407)
	<0.001
	0.287
(0.164, 0.414)
	<0.001
	0.006

	Incident
stroke
	KDM
BioAgeAccel
	0.057
(0.025, 0.093)
	<0.001
	0.714
(0.531, 0.913)
	<0.001
	0.772
(0.599, 0.966)
	<0.001
	0.103

	
	Light
BioAgeAccel
	0.031
(0.003, 0.059)
	0.023
	0.740
(0.579, 0.921)
	<0.001
	0.771
(0.610, 0.949)
	<0.001
	0.057

	Incident
CMM
	KDM
BioAgeAccel
	0.053
(0.008, 0.092)
	0.006
	0.839
(0.639, 1.045)
	<0.001
	0.892
(0.701, 1.088)
	<0.001
	0.088

	
	Light
BioAgeAccel
	0.043
(0.020, 0.085)
	0.001
	0.846
(0.641, 1.070)
	<0.001
	0.889
(0.691, 1.115)
	<0.001
	0.072


The CIs in brackets were 95% CIs from 1000 nonparametric bootstrap replicates. The exposure was CircS (Non-CircS = 0; CircS = 1). The mediators were KDM BioAge acceleration and Light BioAge acceleration.
The mediation models were adjusted for age, sex, marital status, educational level, residence, smoking status, drinking status, cancer, kidney disease.
ACME, average causal mediation effect, corresponding to pure natural indirect effect (PNIE) in regmedint. bADE, average direct effect, corresponding to pure natural direct effect (PNDE). cTotal effect represents the sum of ACME and ADE. dPE describes the proportion of the total effect mediated by BioAge acceleration; PE = ACME / (ADE + ACME).


Table S14 Associations of modified CircS and modified CircS score with incident heart disease, stroke, diabetes, and cardiometabolic multimorbidity after excluding the elevated glucose/diabetes component from CircS
	Outcome
	Exposure
	Category
	Crude model
HR (95% CI)
	Crude model
P value
	Model 1
HR (95% CI)
	Model 1
P value
	Model 2
HR (95% CI)
	Model 2
P value
	Model 3
HR (95% CI)
	Model 3
P value

	Incident heart disease
	Modified CircS
	Non-CircS
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	
	CircS
	1.51 (1.35, 1.70)
	<0.001
	1.40 (1.24, 1.57)
	<0.001
	1.41 (1.25, 1.58)
	<0.001
	1.38 (1.22, 1.55)
	<0.001

	
	Modified CircS score
	Per 1-point increase
	1.20 (1.16, 1.25)
	<0.001
	1.17 (1.12, 1.21)
	<0.001
	1.17 (1.12, 1.22)
	<0.001
	1.16 (1.11, 1.21)
	<0.001

	Incident stroke
	Modified CircS
	Non-CircS
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	
	CircS
	2.08 (1.74, 2.48)
	<0.001
	2.19 (1.82, 2.62)
	<0.001
	2.19 (1.82, 2.63)
	<0.001
	2.16 (1.80, 2.60)
	<0.001

	
	Modified CircS score
	Per 1-point increase
	1.33 (1.25, 1.41)
	<0.001
	1.36 (1.28, 1.45)
	<0.001
	1.36 (1.27, 1.44)
	<0.001
	1.36 (1.27, 1.44)
	<0.001

	Incident diabetes
	Modified CircS
	Non-CircS
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	
	CircS
	2.20 (1.92, 2.51)
	<0.001
	2.15 (1.88, 2.47)
	<0.001
	2.16 (1.88, 2.48)
	<0.001
	2.14 (1.87, 2.46)
	<0.001

	
	Modified CircS score
	Per 1-point increase
	1.35 (1.29, 1.41)
	<0.001
	1.34 (1.28, 1.41)
	<0.001
	1.34 (1.28, 1.41)
	<0.001
	1.34 (1.28, 1.41)
	<0.001

	Incident CMM
	Modified CircS
	Non-CircS
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	
	CircS
	2.56 (2.07, 3.16)
	<0.001
	2.52 (2.03, 3.12)
	<0.001
	2.56 (2.06, 3.19)
	<0.001
	2.52 (2.02, 3.13)
	<0.001

	
	Modified CircS score
	Per 1-point increase
	1.45 (1.35, 1.55)
	<0.001
	1.44 (1.34, 1.55)
	<0.001
	1.45 (1.34, 1.56)
	<0.001
	1.45 (1.34, 1.56)
	<0.001


Abbreviations: CircS, circadian syndrome; CMM, cardiometabolic multimorbidity; HR, hazard ratio; CI, confidence interval. Modified CircS was defined by excluding the elevated fasting glucose/diabetes component from the original CircS definition and reclassifying CircS as the presence of >=3 of the remaining 6 components. Modified CircS was analyzed as a binary exposure with Non-CircS as the reference group. Modified CircS score was analyzed as the score ranging from 0 to 6. Model 1 was adjusted for age and sex. Model 2 was further adjusted for marital status, educational level, residence, smoking status, drinking status, cancer history, and kidney disease. Model 3 was additionally adjusted for LDL-C, C-reactive protein, hemoglobin, and creatinine.


Table S15  Associations of CircS and CircS score with incident heart disease, stroke, diabetes, and cardiometabolic multimorbidity after excluding events occurring within the first 2 years of follow-up
	Outcome
	Exposure
	Category
	Crude model
HR (95% CI)
	Crude model
P value
	Model 1
HR (95% CI)
	Model 1
P value
	Model 2
HR (95% CI)
	Model 2
P value
	Model 3
HR (95% CI)
	Model 3
P value

	Incident heart disease
	CircS
	Non-CircS
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	
	CircS
	1.48 (1.30, 1.67)
	<0.001
	1.35 (1.19, 1.54)
	<0.001
	1.35 (1.19, 1.54)
	<0.001
	1.33 (1.16, 1.51)
	<0.001

	
	CircS score
	Per 1-point increase
	1.17 (1.13, 1.22)
	<0.001
	1.14 (1.09, 1.18)
	<0.001
	1.14 (1.09, 1.19)
	<0.001
	1.13 (1.09, 1.18)
	<0.001

	Incident stroke
	CircS
	Non-CircS
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	
	CircS
	2.17 (1.81, 2.59)
	<0.001
	2.21 (1.84, 2.66)
	<0.001
	2.21 (1.84, 2.66)
	<0.001
	2.16 (1.80, 2.61)
	<0.001

	
	CircS score
	Per 1-point increase
	1.31 (1.23, 1.38)
	<0.001
	1.32 (1.24, 1.40)
	<0.001
	1.32 (1.24, 1.40)
	<0.001
	1.31 (1.24, 1.39)
	<0.001

	Incident diabetes
	CircS
	Non-CircS
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	
	CircS
	2.20 (1.91, 2.52)
	<0.001
	2.16 (1.87, 2.48)
	<0.001
	2.17 (1.88, 2.50)
	<0.001
	2.16 (1.87, 2.49)
	<0.001

	
	CircS score
	Per 1-point increase
	1.35 (1.30, 1.41)
	<0.001
	1.35 (1.29, 1.42)
	<0.001
	1.35 (1.29, 1.42)
	<0.001
	1.36 (1.29, 1.42)
	<0.001

	Incident CMM
	CircS
	Non-CircS
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	
	CircS
	2.58 (2.10, 3.18)
	<0.001
	2.51 (2.03, 3.10)
	<0.001
	2.52 (2.03, 3.12)
	<0.001
	2.48 (2.00, 3.07)
	<0.001

	
	CircS score
	Per 1-point increase
	1.43 (1.34, 1.53)
	<0.001
	1.42 (1.33, 1.52)
	<0.001
	1.43 (1.33, 1.52)
	<0.001
	1.43 (1.33, 1.53)
	<0.001


Abbreviations: CircS, circadian syndrome; CMM, cardiometabolic multimorbidity; HR, hazard ratio; CI, confidence interval. Participants who developed the corresponding outcome within the first 2 years of follow-up were excluded separately for each outcome. CircS was analyzed as a binary exposure with Non-CircS as the reference group. CircS score was analyzed as the original ordinal score ranging from 0 to 7; therefore, the P value for CircS score can be interpreted as the P for trend. Model 1 was adjusted for age and sex. Model 2 was further adjusted for marital status, educational level, residence, smoking status, drinking status, cancer history, and kidney disease. Model 3 was additionally adjusted for LDL-C, C-reactive protein, hemoglobin, and creatinine.

Table S16  Associations of CircS and CircS score with incident heart disease, stroke, diabetes, and cardiometabolic multimorbidity in the CircS-only cohort
	Outcome
	Exposure
	Category
	Crude model
HR (95% CI)
	Crude model
P value
	Model 1
HR (95% CI)
	Model 1
P value
	Model 2
HR (95% CI)
	Model 2
P value
	Model 3
HR (95% CI)
	Model 3
P value

	Incident heart disease
	CircS
	Non-CircS
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	
	CircS
	1.43 (1.26, 1.61)
	<0.001
	1.31 (1.15, 1.48)
	<0.001
	1.31 (1.15, 1.48)
	<0.001
	1.28 (1.12, 1.45)
	<0.001

	
	CircS score
	Per 1-point increase
	1.17 (1.13, 1.21)
	<0.001
	1.14 (1.09, 1.18)
	<0.001
	1.14 (1.09, 1.18)
	<0.001
	1.13 (1.09, 1.18)
	<0.001

	Incident stroke
	CircS
	Non-CircS
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	
	CircS
	2.19 (1.82, 2.62)
	<0.001
	2.29 (1.90, 2.76)
	<0.001
	2.30 (1.91, 2.78)
	<0.001
	2.27 (1.87, 2.74)
	<0.001

	
	CircS score
	Per 1-point increase
	1.30 (1.23, 1.38)
	<0.001
	1.33 (1.25, 1.41)
	<0.001
	1.33 (1.25, 1.41)
	<0.001
	1.33 (1.25, 1.41)
	<0.001

	Incident diabetes
	CircS
	Non-CircS
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	
	CircS
	2.14 (1.86, 2.46)
	<0.001
	2.09 (1.81, 2.41)
	<0.001
	2.09 (1.81, 2.42)
	<0.001
	2.06 (1.78, 2.39)
	<0.001

	
	CircS score
	Per 1-point increase
	1.34 (1.28, 1.40)
	<0.001
	1.34 (1.28, 1.40)
	<0.001
	1.34 (1.28, 1.40)
	<0.001
	1.34 (1.27, 1.40)
	<0.001

	Incident CMM
	CircS
	Non-CircS
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	
	CircS
	2.70 (2.18, 3.34)
	<0.001
	2.64 (2.12, 3.29)
	<0.001
	2.65 (2.12, 3.31)
	<0.001
	2.60 (2.07, 3.25)
	<0.001

	
	CircS score
	Per 1-point increase
	1.46 (1.36, 1.56)
	<0.001
	1.45 (1.35, 1.56)
	<0.001
	1.45 (1.35, 1.56)
	<0.001
	1.45 (1.35, 1.56)
	<0.001


Abbreviations: CircS, circadian syndrome; CMM, cardiometabolic multimorbidity; HR, hazard ratio; CI, confidence interval. The CircS-only cohort was constructed without excluding participants who could not be assessed for biological age acceleration. CircS was analyzed as a binary exposure with Non-CircS as the reference group. CircS score was analyzed as the original ordinal score ranging from 0 to 7; therefore, the P value for CircS score can be interpreted as the P for trend. Model 1 was adjusted for age and sex. Model 2 was further adjusted for marital status, educational level, residence, smoking status, drinking status, cancer history, and kidney disease. Model 3 was additionally adjusted for LDL-C, C-reactive protein, hemoglobin, and creatinine.


Table S17. The associations of CircS and CircS score with incident heart disease, stroke, diabetes, and cardiometabolic multimorbidity using an alternative CKD definition
	Outcome
	Exposure
	Category
	Crude model
HR (95% CI)
	Crude model
P value
	Model 1
HR (95% CI)
	Model 1
P value
	Model 2
HR (95% CI)
	Model 2
P value
	Model 3
HR (95% CI)
	Model 3
P value

	Incident heart disease
	CircS
	Non-CircS
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	
	CircS
	1.46 (1.30, 1.64)
	<0.001
	1.33 (1.18, 1.50)
	<0.001
	1.33 (1.18, 1.51)
	<0.001
	1.31 (1.16, 1.48)
	<0.001

	
	CircS score
	Per 1-point increase
	1.17 (1.13, 1.22)
	<0.001
	1.14 (1.09, 1.18)
	<0.001
	1.14 (1.10, 1.18)
	<0.001
	1.13 (1.09, 1.18)
	<0.001

	Incident stroke
	CircS
	Non-CircS
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	
	CircS
	2.09 (1.76, 2.49)
	<0.001
	2.16 (1.81, 2.58)
	<0.001
	2.16 (1.81, 2.59)
	<0.001
	2.13 (1.78, 2.56)
	<0.001

	
	CircS score
	Per 1-point increase
	1.29 (1.23, 1.37)
	<0.001
	1.31 (1.24, 1.39)
	<0.001
	1.31 (1.24, 1.39)
	<0.001
	1.31 (1.24, 1.39)
	<0.001

	Incident diabetes
	CircS
	Non-CircS
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	
	CircS
	2.22 (1.95, 2.53)
	<0.001
	2.17 (1.89, 2.48)
	<0.001
	2.17 (1.90, 2.49)
	<0.001
	2.16 (1.88, 2.47)
	<0.001

	
	CircS score
	Per 1-point increase
	1.36 (1.30, 1.42)
	<0.001
	1.35 (1.30, 1.41)
	<0.001
	1.35 (1.30, 1.41)
	<0.001
	1.35 (1.30, 1.41)
	<0.001

	Incident CMM
	CircS
	Non-CircS
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	
	CircS
	2.50 (2.04, 3.06)
	<0.001
	2.43 (1.97, 2.99)
	<0.001
	2.44 (1.98, 3.01)
	<0.001
	2.40 (1.94, 2.97)
	<0.001

	
	CircS score
	Per 1-point increase
	1.42 (1.34, 1.52)
	<0.001
	1.42 (1.33, 1.51)
	<0.001
	1.42 (1.33, 1.52)
	<0.001
	1.42 (1.33, 1.52)
	<0.001


Abbreviations: CircS, circadian syndrome; CMM, cardiometabolic multimorbidity; HR, hazard ratio; CI, confidence interval. Alternative CKD was defined as self-reported kidney disease or eGFR <60 mL/min/1.73 m2. eGFR was calculated using the 2021 CKD-EPI creatinine equation. CircS was analyzed as a binary exposure with Non-CircS as the reference group. CircS score was analyzed as the original ordinal score ranging from 0 to 7; therefore, the P value for CircS score can be interpreted as the P for trend. Model 1 was adjusted for age and sex. Model 2 was further adjusted for marital status, educational level, residence, smoking status, drinking status, cancer history, and alternative CKD. Model 3 was additionally adjusted for LDL-C, C-reactive protein, hemoglobin, and creatinine.


Table S18 The association between CircS and incident cardiometabolic multimorbidity and its components after multiple imputation
	Outcome
	Exposure
	Category
	Crude model
HR (95% CI)
	Crude model
P value
	Model 1
HR (95% CI)
	Model 1
P value
	Model 2
HR (95% CI)
	Model 2
P value
	Model 3
HR (95% CI)
	Model 3
P value

	Incident heart disease
	CircS
	CircS vs Non-CircS
	1.43 (1.27, 1.62)
	<0.001
	1.32 (1.16, 1.49)
	<0.001
	1.31 (1.16, 1.49)
	<0.001
	1.29 (1.13, 1.47)
	<0.001

	Incident heart disease
	CircS score
	Per 1-point increase
	1.17 (1.13, 1.22)
	<0.001
	1.14 (1.10, 1.18)
	<0.001
	1.14 (1.10, 1.19)
	<0.001
	1.13 (1.09, 1.18)
	<0.001

	Incident stroke
	CircS
	CircS vs Non-CircS
	2.18 (1.82, 2.61)
	<0.001
	2.29 (1.90, 2.76)
	<0.001
	2.30 (1.90, 2.77)
	<0.001
	2.26 (1.87, 2.74)
	<0.001

	Incident stroke
	CircS score
	Per 1-point increase
	1.30 (1.23, 1.38)
	<0.001
	1.33 (1.25, 1.41)
	<0.001
	1.33 (1.25, 1.41)
	<0.001
	1.33 (1.25, 1.41)
	<0.001

	Incident diabetes
	CircS
	CircS vs Non-CircS
	2.14 (1.86, 2.46)
	<0.001
	2.08 (1.80, 2.40)
	<0.001
	2.09 (1.81, 2.41)
	<0.001
	2.06 (1.78, 2.38)
	<0.001

	Incident diabetes
	CircS score
	Per 1-point increase
	1.34 (1.28, 1.40)
	<0.001
	1.34 (1.28, 1.40)
	<0.001
	1.33 (1.28, 1.40)
	<0.001
	1.33 (1.27, 1.39)
	<0.001

	Incident CMM
	CircS
	CircS vs Non-CircS
	2.71 (2.19, 3.36)
	<0.001
	2.66 (2.13, 3.31)
	<0.001
	2.67 (2.14, 3.34)
	<0.001
	2.62 (2.09, 3.28)
	<0.001

	Incident CMM
	CircS score
	Per 1-point increase
	1.46 (1.36, 1.56)
	<0.001
	1.45 (1.36, 1.56)
	<0.001
	1.46 (1.36, 1.56)
	<0.001
	1.45 (1.35, 1.56)
	<0.001


Multiple imputation was performed in an expanded CircS-only cohort. BioAgeAccel calculability was not required for this sensitivity analysis. Exposure variables, outcome status, follow-up time, and baseline disease exclusion variables were not imputed. Only Cox covariates with missing proportions <=30% were imputed. Model 1 was adjusted for age and sex. Model 2 was further adjusted for marital status, educational level, residence, smoking status, drinking status, cancer history, and kidney disease. Model 3 was additionally adjusted for LDL-C, C-reactive protein, hemoglobin, and creatinine.

Table S19. E-value analysis for the original Cox models
	Outcome
	Exposure
	Category
	Crude model
E-value
	Model 1
E-value
	Model 2
E-value
	Model 3
E-value

	Incident heart disease
	CircS
	Non-CircS
	
	
	
	

	
	
	CircS
	2.28
	2.00
	2.00
	1.93

	
	CircS score
	Per 1-point increase
	1.62
	1.53
	1.53
	1.51

	Incident stroke
	CircS
	Non-CircS
	
	
	
	

	
	
	CircS
	3.60
	3.74
	3.74
	3.68

	
	CircS score
	Per 1-point increase
	1.91
	1.96
	1.95
	1.95

	Incident diabetes
	CircS
	Non-CircS
	
	
	
	

	
	
	CircS
	3.87
	3.76
	3.76
	3.73

	
	CircS score
	Per 1-point increase
	2.06
	2.05
	2.04
	2.04

	Incident CMM
	CircS
	Non-CircS
	
	
	
	

	
	
	CircS
	4.44
	4.28
	4.31
	4.21

	
	CircS score
	Per 1-point increase
	2.20
	2.19
	2.19
	2.19


Abbreviations: CircS, circadian syndrome; CMM, cardiometabolic multimorbidity; HR, hazard ratio; CI, confidence interval. E-values were calculated for the point estimates of HRs from the original Cox models. Larger E-values indicate that stronger unmeasured confounding would be required to fully explain away the observed association. Model definitions are the same as in the Cox models. 
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