Supplementary Material

Supplementary methods
The presence of metabolic syndrome was defined by the coexistence of three or more of the following criteria: elevated waist circumference, elevated triglycerides, reduced high-density lipoprotein cholesterol (HDL-C), elevated blood pressure, and elevated fasting glucose 

(1, 2) ADDIN EN.CITE . In this study, the range of waist circumference was 20-140 cm, whereas plasma triglycerides were in the range of 4-1000 mg/dl, HDL-C of 3-120 mg/dl, systolic blood pressure of 60-300 mmHg, diastolic pressure of 30-150 mmHg, and fasting glucose of 2-450 mg/dl. The protocols for physical measurements and blood collection have been described elsewhere (3, 4).
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Supplementary Figure 1. Multivariate-adjusted spline curves for associations of sleep duration with incident stroke. 

[image: image1.png]RCS

—~

Hazard ratios of incident stroke 7>

-

Nighttime sleep duration-Univariate Model

) RCS

Hazard ratios of incident stroke e

Total sleep duration-Univariate Model

RCS

~

Hazard ratios of incident stroke oo

-

Nighttime sleep duration-Age and gender adjusted Nighttime sleep duration-Multivariable adjusted

RCS

Hazard ratios of incident stroke @

Total sleep duration-Age and gender adjusted

(

-

Hazard ratios of incident stroke O

RCS

Hazard ratios of incident stroke 5

Total sleep duration-Multivariable adjusted




The curves demonstrate that participants with short nighttime sleep duration (A-C) and total sleep duration (D-F) had a higher incidence of stroke. (A-C) Nighttime sleep duration, the reference group was 7 hours/night for sleep duration. (D-F) Total sleep duration, the reference group was 8 hours/day for sleep duration. Multivariable adjusted for age, gender, educational level, marital status, area of residence, behaviors including smoking, drinking, and physical activity, body mass index, self-report diagnosis of stroke, hypertension, hyperlipidemia, diabetes or high blood sugar, waist circumference, systolic and diastolic blood pressure, HDL, triglycerides, fasting plasma glucose and HbA1c.

Supplementary Figure 2. Multivariate-adjusted association of sleep duration with incident stroke risk, stratified by baseline characteristics and metabolic syndrome. 
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(A) Univariate Model (B) Age and gender adjusted (C) Multivariable adjusted
Subgroup HR(95%C1) P for interatcion Subgroup HR(95%CI) P for interatcion Subgroup HR(95%CI) P for interatcion
Gender Gender Gender
Male 1.51(0.93,2.45) —e—rt 0.170 Male 1.47(0.91,2.39) —e—t 0.191 Male 1.47(0.74,2.93) r—e— 0.503
Female 2.52(1.46,4.34) —— Female 2.39(1.38,4.13) — Female 2.04(1.14,3.65) ——
Age(years) Age(years) Age(years)
<65 2.02(1.26,3.24) —— 0.340 <65 2.05(1.26,3.32) —— 0.445 <65 1.88(0.99,3.58) +—e—t 0.631
265 1.43(0.85,2.42) r—e—rt 265 1.54(0.91,2.62) —a—t 265 1.57(0.85,2.88) —a—t
Elevated waist circumference(cm) Elevated waist circumference(cm) Elevated waist circumference(cm)
Yes 2.33(1.38,3.91) ——— 0.410 Yes 2.55(1.49,4.36) ——— 0.330 Yes 2.31(1.19,4.52) —-— 0.209
No 163(0.92,2.87) —e—s No 154(0.87,2.72) —e—i No 1.49(0.74,3.01) —e—t
Elevated blood pressure(mmHg) Elevated blood pressure(mmHg) Elevated blood pressure(mmHg)
Yes 1.59(1.02,2.49) r—e—t 0.427 Yes 1.66(1.052.62) r—e—r 0.207 Yes 1.79(1.053.07) r—e—t 0.943
No 214(1.21,3.80) —e— No 216(1.20,3.87) —e— No 1.64(0.76,3.54)
Elevated fasting glucose(mg/dI) Elevated fasting glucose(mg/dI) Elevated fasting glucose(mg/dI)
Yes 1.19(0.68,2.07) —e— 0.107 Yes 1.18(0.67,2.07) —e— 0.965 Yes 0.97(0.49,1.94) —e— 0.922
No 2.38(1.26,450) ——e—t No 227(1.184.36) ——a—— No 225(0.97,520) +——a—t
Elevated triglycerides(mg/dl) Elevated triglycerides(mg/d) Elevated triglycerides(mg/dl)
Yes 1.39(0.71,2.70) —e— 0.304 Yes 151(0.76,2.98) —s—— 0.525 Yes 1.16(0.51,2.63) —e—— 0.531
No 1.95(1.28,2.97) —— No 1.93(1.26,2.95) —— No 1.99(1.16,3.42) .
Reduced HDL-C(mg/dl) Reduced HDL-C(mg/dl) Reduced HDL-C(mg/dl)
Yes 1.01(0.52,1.99) —e—— 0.047 Yes 1.09(0.55,2.15) —e— 0.179 Yes 0.88(0.40,1.95) —e— 0.097
No 2.27(1.48,3.47) —— No 2.24(1.46,3.45) —— No 2.51(1.42,4.42) ——
Metabolic syndrome Metabolic syndrome Metabolic syndrome
Yes 1.34(0.74,2.44) r—e— 0.222 Yes 1.49(0.81,2.74) r—e—t 0.441 Yes 1.35(0.66,2.75) —e—— 0.618
No 2.13(1.37,3.30) —— No 2.06(1.32,3.21) —— No 207(1.17,367) r—e—
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(D) Univariate Model (E) Age and gender adjusted (F) Multivariable adjusted
Subgroup HR(95%C1) P for interatcion Subgroup HR(95%CI) P for interatcion Subgroup HR(95%CI) P for interatcion
Gender Gender Gender
Male 1.26(0.80,1.98) —e— 0.156 Male 1.25(0.79,1.97) +—e— 0.181 Male 1.19(0.63,2.27) —e— 0.335
Female 2.11(1.22,3.65) — Female 2.05(1.18,3.55) — Female 2.04(1.14,364) +—e—
Age(years) Age(years) Age(years)
<65 1.60(1.01,2.53) r—e—tv 0.682 <65 1.67(1.05,2.65) —— 0.600 <65 1.88(1.01,3.49) r—a—t 0.951
265 1.39(0.84,2.29) —e— 265 1.35(0.81,2.25) r—e— 265 1.35(0.75,2.42) —+—
Elevated waist circumference(cm) Elevated waist circumference(cm) Elevated waist circumference(cm)
Yes 1.48(0.88,2.47) +—e—t 0.984 Yes 1.55(0.91,2.65) —e— 0.986 Yes 1.63(0.85,3.16) —e—t 0.710
No 1.47(0.852.52) +—e—t No 1.47(0.85,2.53) —e—s No 154(0.79,2.97) —e——
Elevated blood pressure(mmHg) Elevated blood pressure(mmHg) Elevated blood pressure(mmHg)
Yes 1.50(0.98,2.29) +—=— 0.873 Yes 1.62(1.05,2.49) —— 0.890 Yes 1.68(1.00,2.81) +—=— 0.930
No 1.59(0.91,2.79) —e—— No 1.46(0.82,2.59) —e— No 1.43(0.69,2.99) —e——
Elevated fasting glucose(mg/dI) Elevated fasting glucose(mg/dI) Elevated fasting glucose(mg/dI)
Yes 1.01(0.61,1.69) —e—s 0.093 Yes 1.00(0.59,1.69) —e— 0.101 Yes 0.86(0.46,1.61) —=— 0.974
No 2.03(1.08,3.80) ——e— No 1.99(1.053.78) +——e— No 232(1.03,5.24) ——e—
Elevated triglycerides(mg/dl) Elevated triglycerides(mg/dl) Elevated triglycerides(mg/dl)
Yes 1.42(0.77,2.62) —e—rt 0.816 Yes 1.45(0.77,2.71) —e— 0.863 Yes 1.41(0.68,2.90) —e— 0.784
No 155(1.032.33) +—=— No 154(1.02,2.34) —e—i No 162(0.96,2.74) +—a—t
Reduced HDL-C(mg/dl) Reduced HDL-C(mg/dl) Reduced HDL-C(mg/dl)
Yes 0.96(0.53,1.76) —e—t 0.072 Yes 0.97(0.52,1.81) —e—— 0.080 Yes 0.92(0.46,1.84) —=— 0.133
No 189(1.24,287)  —a—t No 1.88(123287) —e—t No 232(1.32,4.08) —e—t
Metabolic syndrome Metabolic syndrome Metabolic syndrome
Yes 1.15(0.66,2.01) —=— 0.202 Yes 1.22(0.69,2.16) —=— 0.254 Yes 1.24(0.64,2.40) —=— 0.600
No 1.82(1.182.80)  —e—i No 178(1.152.75)  —e—t No 1.89(1.08,3.29)
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All hazard ratios were calculated with night sleep duration >6 hours/night (A-C) and (D-F) total sleep duration ≥7 hours/day as the reference groups. Multivariable model adjusted for age, gender, educational level, marital status, area of residence, and behaviors including smoking, drinking, and physical activity. 

Abbreviations: HR = hazard ratio, CI = confidence interval.

Supplementary Table 1. Joint associations of nighttime sleep duration and daytime napping with incident stroke.

	Variable
	Incident stroke, Adjusted HR(95% CI)

	Nighttime sleep duration, hours
	Daytime napping, min
	cases(N)
	Univariate Model
	Age and gender adjusted
	Multivariable adjusted†
	Multivariable adjusted‡

	N≤6
	D=0
	42(1579)
	1.82(1.06,3.12)
	1.71(0.99,2.95)
	1.83(0.95,3.52)
	1.83(0.95,3.52)

	6＜N≤8
	D=0
	19(1291)
	1.00 
	1.00
	1.00 
	1.00 

	   N＞8
	D=0
	5(278)
	1.23(0.46,3.29)
	1.21(0.45,3.25)
	1.85(0.66,5.21)
	1.85(0.66,5.20)

	N≤6
	0＜D≤60
	25(1174)
	1.45(0.80,2.63)
	1.26(0.69,2.31)
	1.29(0.62,2.70)
	1.29(0.62,2.69)

	6＜N≤8
	0＜D≤60
	20(1188)
	1.14(0.61,2.14)
	1.08(0.57,2.02)
	0.94(0.42,2.10)
	0.93(0.41,2.08)

	   N＞8
	0＜D≤60
	3(181)
	1.13(0.33,3.81)
	1.04(0.31,3.52)
	0.86(0.19,3.84)
	0.85(0.19,3.79)

	N≤6
	D＞60
	10(453)
	1.50(0.70,3.23)
	1.17(0.53,2.58)
	1.31(0.50,3.45)
	1.30(0.49,3.42)

	6＜N≤8
	D＞60
	10(586)
	1.16(0.54,2.492)
	1.02(0.47,2.21)
	0.82(0.29,2.31)
	0.82(0.29,2.30)

	   N＞8
	D＞60
	2(147)
	0.93(0.22,3.98)
	0.80(0.19,3.45)
	1.05(0.24,4.68)
	1.04(0.23,4.64)


Abbreviations: HR = hazard ratio; CI = confidence interval. Bold values indicate the positive results of the study.
† adjusted for age, gender, educational level, marital status, area of residence, and behaviors including smoking, drinking, and physical activity; 
‡ adjusted for age, gender, educational level, marital status, area of residence, behaviors including smoking, drinking, and physical activity, along with additional adjustment for self-reported diagnosis of stroke, dyslipidemia, hypertension, diabetes or high blood sugar, BMI, waist circumference, triglycerides, HDL-C, systolic and diastolic blood pressure, fasting plasma glucose and HbA1c levels.

	Supplementary Table 2: Sensitivity analysis: nighttime sleep duration and incident stroke risk, stratified by objectively assessed Mets (N = 4426).

	
	Univariate Model
	Age and gender adjusted
	Multivariable adjusted†
	Multivariable adjusted‡

	Subgroup
	HR (95%CI)
	P value
	P for interaction
	HR (95%CI)
	P value
	P for interaction
	HR (95%CI)
	P value
	P for interaction
	HR (95%CI)
	P value
	P for interaction

	Elevated waist circumference(cm)
	
	
	
	
	
	
	
	
	
	
	
	

	    Yes
	2.36(1.40,3.96)
	0.001 
	0.258 
	2.50(1.48,4.23)
	0.001 
	0.173 
	2.27(1.18,4.34)
	0.014 
	0.454 
	2.31(1.20,4.42)
	0.012
	0.801 

	    No
	1.51(0.86,2.67)
	0.154 
	
	1.43(0.81,2.53)
	0.219 
	
	1.46(0.73,2.93)
	0.288 
	
	1.47(0.73,2.96)
	0.276
	

	Elevated blood pressure(mmHg)
	
	
	
	
	
	
	
	
	
	
	
	

	    Yes
	1.61(1.00,2.62)
	0.052 
	0.327 
	1.72(1.05,2.79)
	0.030 
	0.334 
	1.78(1.01,3.16)
	0.048 
	0.903 
	1.70(0.96,3.02)
	0.07
	0.685 

	    No
	2.42(1.27,4.60)
	0.007 
	
	2.19(1.15,4.18)
	0.017 
	
	1.77(0.77,4.07)
	0.177 
	
	1.78(0.78,4.09)
	0.173
	

	Elevated fasting glucose(mg/dl)
	
	
	
	
	
	
	
	
	
	
	
	

	    Yes
	1.21(0.62,2.35)
	0.585 
	0.228 
	1.17(0.60,2.30)
	0.643 
	0.188 
	0.99(0.42,2.35)
	0.984 
	0.068 
	1.05(0.44,2.51)
	0.906
	0.068 

	    No
	2.03(1.21,3.39)
	0.007 
	
	2.02(1.20,3.39)
	0.008 
	
	1.87(1.00,3.51)
	0.050 
	
	1.85(0.99,3.47)
	0.054
	

	Elevated triglycerides(mg/dl)
	
	
	
	
	
	
	
	
	
	
	
	

	    Yes
	1.35(0.67,2.71)
	0.400 
	0.495 
	1.35(0.67,2.73)
	0.402 
	0.524 
	0.98(0.41,2.31)
	0.957 
	0.274 
	0.97(0.41,2.31)
	0.951
	0.294 

	    No
	1.82(1.10,3.01)
	0.020 
	
	1.78(1.08,2.95)
	0.025 
	
	1.84(0.98,3.46)
	0.057 
	
	1.82(0.97,3.41)
	0.064
	

	Reduced HDL-C(mg/dl)
	
	
	
	
	
	
	
	
	
	
	
	

	    Yes
	0.96(0.48,1.95)
	0.916 
	0.055 
	0.97(0.48,1.97)
	0.933 
	0.071 
	0.76(0.33,1.74)
	0.509 
	0.054 
	0.77(0.33,1.78)
	0.541
	0.057 

	    No
	2.26(1.36,3.78)
	0.002 
	
	2.21(1.32,3.70)
	0.003 
	
	2.50(1.28,4.91)
	0.008 
	
	2.46(1.25,4.84)
	0.009
	

	Metabolic syndrome
	
	
	
	
	
	
	
	
	
	
	
	

	    Yes
	1.45(0.76,2.77)
	0.261 
	0.501 
	1.52(0.79,2.92)
	0.207 
	0.532 
	1.33(0.60,2.96)
	0.479 
	0.195 
	1.33(0.60,2.96)
	0.479
	0.351 

	    No
	1.90(1.22,2.95)
	0.005 
	
	1.83(1.18,2.86)
	0.008 
	
	1.71(0.99,2.96)
	0.054 
	
	1.71(0.99,2.96)
	0.054
	


Abbreviations: HR = hazard ratio; CI = confidence interval. Bold values indicate the positive results of the study.
† adjusted for age, gender, educational level, marital status, area of residence, and behaviors including smoking, drinking, and physical activity;
‡ adjusted for age, gender, educational level, marital status, area of residence, behaviors including smoking, drinking, and physical activity, along with additional adjustment for self-reported diagnosis of stroke, dyslipidemia, hypertension, diabetes or high blood sugar, BMI, waist circumference, triglycerides, HDL-C, systolic and diastolic blood pressure, fasting plasma glucose and HbA1c levels.

	Supplementary Table 3: Sensitivity analysis: total sleep duration and incident stroke risk, stratified by objectively assessed Mets (N = 4426).

	
	Univariate Model
	Age and gender adjusted
	Multivariable adjusted†
	Multivariable adjusted‡

	Subgroup
	HR (95%CI)
	P value
	P for interaction
	HR (95%CI)
	P value
	P for interaction
	HR (95%CI)
	P value
	P for interaction
	HR (95%CI)
	P value
	P for interaction

	Elevated waist circumference(cm)
	
	
	
	
	
	
	
	
	
	
	
	

	    Yes
	1.46(0.87,2.44)
	0.151 
	0.956 
	1.60(0.95,2.68)
	0.078 
	0.790 
	1.74(0.92,3.31)
	0.088 
	0.929 
	1.76(0.93,3.35)
	0.084
	0.909 

	    No
	1.43(0.83,2.45)
	0.223 
	
	1.40(0.82,2.41)
	0.223 
	
	1.52(0.79,2.93)
	0.214 
	
	1.53(0.79,2.96)
	0.2035
	

	Elevated blood pressure(mmHg)
	
	
	
	
	
	
	
	
	
	
	
	

	    Yes
	1.35(0.85,2.15)
	0.203 
	0.699 
	1.46(0.92,2.33)
	0.112 
	0.738 
	1.62(0.93,2.83)
	0.090 
	0.960 
	1.55(0.89,2.71)
	0.1243
	0.997 

	    No
	1.58(0.84,2.99)
	0.160 
	
	1.51(0.80,2.86)
	0.203 
	
	1.53(0.70,3.38)
	0.290 
	
	1.55(0.70,3.42)
	0.2778
	

	Elevated fasting glucose(mg/dl)
	
	
	
	
	
	
	
	
	
	
	
	

	    Yes
	1.17(0.63,2.16)
	0.623 
	0.312 
	1.19(0.64,2.20)
	0.589 
	0.271 
	1.27(0.60,2.71)
	0.532 
	0.514 
	1.35(0.63,2.90)
	0.4373
	0.523 

	    No
	1.76(1.07,2.89)
	0.027 
	
	1.82(1.11,3.00)
	0.019 
	
	1.71(0.93,3.14)
	0.083 
	
	1.70(0.92,3.11)
	0.0883
	

	Elevated triglycerides(mg/dl)
	
	
	
	
	
	
	
	
	
	
	
	

	    Yes
	1.33(0.70,2.51)
	0.387 
	0.661 
	1.36(0.72,2.59)
	0.344 
	0.652 
	1.28(0.61,2.71)
	0.511 
	0.619 
	1.26(0.60,2.67)
	0.5414
	0.617 

	    No
	1.58(0.97,2.58)
	0.064 
	
	1.63(1.00,2.66)
	0.050 
	
	1.70(0.92,3.13)
	0.090 
	
	1.67(0.91,3.08)
	0.0991
	

	Reduced HDL-C(mg/dl)
	
	
	
	
	
	
	
	
	
	
	
	

	    Yes
	0.87(0.46,1.64)
	0.665 
	0.031 
	0.90(0.48,1.71)
	0.754 
	0.031 
	0.82(0.40,1.69)
	0.599 
	0.024 
	0.83(0.41,1.71)
	0.6206
	0.023 

	    No
	2.13(1.28,3.54)
	0.004 
	
	2.18(1.31,3.63)
	0.003 
	
	2.93(1.47,5.84)
	0.002 
	
	2.89(1.45,5.77)
	0.0026
	

	Metabolic syndrome
	
	
	
	
	
	
	
	
	
	
	
	

	    Yes
	1.21(0.66,2.21)
	0.544 
	0.557 
	1.32(0.72,2.43)
	0.375 
	0.560 
	1.38(0.66,2.88)
	0.393 
	0.383 
	1.38(0.66,2.88)
	0.3927
	0.383 

	    No
	1.51(0.98,2.32)
	0.062 
	
	1.51(0.98,2.32)
	0.063 
	
	1.53(0.90,2.60)
	0.116 
	
	1.53(0.90,2.60)
	0.1156
	


Abbreviations: HR = hazard ratio; CI = confidence interval. Bold values indicate the positive results of the study.
† adjusted for age, gender, educational level, marital status, area of residence, and behaviors including smoking, drinking, and physical activity;
‡ adjusted for age, gender, educational level, marital status, area of residence, behaviors including smoking, drinking, and physical activity, along with additional adjustment for self-reported diagnosis of stroke, dyslipidemia, hypertension, diabetes or high blood sugar, BMI, waist circumference, triglycerides, HDL-C, systolic and diastolic blood pressure, fasting plasma glucose and HbA1c levels.

