
SUPPLEMENTAL MATERIAL 



Data S1. 

 

Supplemental Methods 

 

Assessment of covariates 

Education years, BMI, smoking (never/ex/current), and alcohol use (none/>1 drink per 

week) were recorded during the initial interview. Total nighttime sleep duration was 

estimated from activity recordings using the same algorithm for daytime napping estimation 

except that sleep estimation was rendered during 9 PM and 7 AM. Sleep fragmentation was 

estimated using an actigraphy-based method that calculates the probability of having an 

arousal (e.g., a non-zero activity count) after a long (~5 min) period of rest (i.e., sleep).33 

Frailty is a composite indicator based on five dichotomized frailty components (BMI, fatigue, 

gait, grip strength, and physical activity). Participants were categorized as having frailty if 

three or more frail components presented.34 The Rosow-Breslau scale was used to assess 

mobility disability. Participants were categorized as having mobility disability if they 

reported needing help for at least one item.35 Motor function was assessed by a composite 

score covering 10 motor performance tests. Medications (taken/not taken) were inspected 

and coded using the Medi-Span system (Medi-Span, Inc.)36 Presence/absence of co-

morbidities at baseline was determined at interview. We coded for presence of urinary 

conditions (urinary incontinence/spasms, benign prostatic hypertrophy, diuretic use, or 

associated medications) that may confound results related to nighttime awakening, 

fragmented rest and increased likelihood for daytime napping. Participants were considered 

to have diabetes, hypertension, or thyroid disease if they were taking medications or 



endorsed a diagnosis on interview. Depressive symptoms were assessed with a 10-item 

version of the Center for Epidemiologic Studies-Depression Scale and results were square 

root transformed because of right skewness. Cognition was assessed using a composite score 

representing global cognition constructed from z-scores of 19 cognitive tests.37  

 

We also calculated the number of nighttime awakenings based on the sleep episodes 

estimated from actigraphy. Interestingly, the number of nighttime awakenings was 

negatively correlated, instead of being positively correlated, with nap duration and nap 

frequency (Fig. S1), and it was not significantly associated incident HF (results not reported). 

The calculated number of nighttime awakenings was positively correlated with the sleep 

fragmentation index (Fig. S1). Considering that the sleep fragmentation index was priorly 

linked to incident HF in the same cohort,19 we included the sleep fragmentation index instead 

of the number of awakenings in the adjusted models (models B). 

 

Supplemental Results 

Consistent results obtained using incident heart failure (HF) jointly determined by self-report 

and medication 

To improve our predictive models, we also further parsed through the associations using a 

combination of any two HF-related medications and self-report HF. Using this criterion to 

define incident HF, the initial models revealed positive associations between longer and 

more frequent daytime napping and risk of HF (Tables S1 and S2). Specifically, for each 1 SD 

increase in the square root transformed nap duration, the hazard ratio (HR) was 1.42 [95% 

confidence interval (CI): 1.13-1.83; p = 0.004]. The HR was 1.48 (95% CI: 1.15-1.90; p = 



0.003) for each 1 SD increase in the square root transformed nap frequency. In both models, 

age was not associated with incident HF which might be due to a power issue, and this makes 

it irrelevant to directly compare the effects of daytime napping duration or frequency with 

that of age. 

 

The results were consistent after separately adjusted for sleep, comorbidities, and 

cardiovascular diseases/risk factors. With fully adjusted models, the associations of nap 

duration and nap frequency with incident HF were still significant, with 1-SD increase in the 

square root transformed napping duration and 1-SD increase in the square root transformed 

napping frequency being corresponding to an HR of 1.68 (95% CI: 1.17-2.39; p = 0.005) and 

of 1.66 (95% CI: 1.16-2.35; p = 0.006) in the risk of developing incident HF. 

 

Sensitivity analyses within cognitively intact participants showed consistent results 

Sensitivity analyses were done by including participants who were cognitively intact at 

baseline (N = 837; female: 655) to further reduce recall bias on self-report HF incidence due 

to cognitive decline. Among them, 72 developed incident HF. Results were consistent with 

analyses based on the complete set. As shown in Table S4, for each 1-SD increase in the 

square root transformed nap duration, the HR was 1.39 (95% CI: 1.09-1.75; p = 0.009). The 

HR was 1.45 (95% CI: 1.14-1.83; p = 0.003) for 1-SD increase in the square root transformed 

nap frequency. 

 

Consideration of reduced physical activity level 



We assessed total daily activity using actigraphy in terms of activity counts per day. To avoid 

collinearity between napping characteristics and total daily activity (Figure S2), we 

dichotomized napping duration and frequency based on their medians, and fitted Cox 

proportional hazards models by including the dichotomized variables and square root 

transformed total daily activity (due to right skewness) adjusted for age, sex, and education. 

Consistently, results demonstrated increased risk of HF in frequent nappers (Table S3; HR 

2.00 (95% CI: 1.16-3.44; p = 0.012) while total daily activity became not significant although 

it was by itself (for each 1-SD decrease in the square root transformed total daily activity: HR 

= 1.35; 95% CI: 1.06-1.70; p = 0.013). However, neither napping duration nor total daily 

activity was significant which may still be a consequence of collinearity between them 

although dichotomization was done. Further studies are warranted to better elucidate their 

relationships. 

 

 

 

  



Table S1. Daytime nap duration, covariates, and incident heart failure jointed determined by self-report and 

medication. 

 Models 

 A B C D E 

Variables HR (95% CI) 

p value 

HR (95% CI) 

p value 

HR (95% CI) 

p value 

HR (95% CI) 

p value 

HR (95% CI) 

p value 

Age* 1.03 (0.99 – 1.07) 

0.108 

1.03 (0.99 – 1.07) 

0.095 

1.04 (0.98 – 1.09) 

0.207 

1.02 (0.99 – 1.06)  

0.205 

1.04 (0.98 – 1.10)  

0.228 

Sex (female) 0.90 (0.50 - 1.70) 

0.724 

0.87 (0.49 – 1.66)  

0.662 

0.87 (0.41 – 1.98)  

0.722 

0.93 (0.50 – 1.81)  

0.817 

0.86 (0.38 – 2.06)  

0.719 

Education* 0.92 (0.84 – 1.01) 

0.069 

0.92 (0.84 – 1.00) 

0.060 

0.91 (0.81 – 1.02)  

0.098 

0.93 (0.85 – 1.02)  

0.146 

0.90 (0.80 – 1.01)  

0.078 

Nap duration 

(square root 

transformed)† 

1.42 (1.13 – 1.83)  

0.004 

 

1.57 (1.20 – 2.02) 

0.001 

1.42 (1.05 – 1.91)  

0.023 

1.42 (1.10 – 1.81) 

0.008 

1.68 (1.17 – 2.39)  

0.005 

Sleep 



Total nighttime 

sleep duration* 

- 0.98 (0.80 - 1.22) 

0.885 

- - 1.02 (0.78 – 1.37)  

0.882 

Sleep 

fragmentation 

index† 

- 1.04 (0.77 – 1.32) 

0.781 

- - 1.17 (0.81 – 1.59)  

0.383 

Comorbidities 

Alcohol 

consumption (≥ 1 

drink per week) 

- - 0.96 (0.52 – 1.76)  

0.898 

- 0.97 (0.51 – 1.85)  

0.938 

Body mass indexa - - 1.05 (0.99 – 1.10)  

0.085 

- 1.04 (0.98 – 1.09)  

0.204 

Frailty (yes) - - 1.87 (0.60 – 5.05)  

0.263 

- 2.10 (0.65 – 5.95)  

0.204 

Parkinsonian 

Signs (yes) 

- - 0.95 (0.88 – 1.01)  

0.081 

- 0.94 (0.88 – 1.01)  

0.081 

Motor function† - - 0.60 (0.38 – 0.95)  - 0.62 (0.39 – 0.99)  



0.028 0.046 

Mobility Disability 

(yes) 

- - 1.48 (0.69 – 3.07)  

0.306 

- 1.40 (0.65 – 2.95)  

0.386 

Depression 

(square root 

transformed)* 

- - 0.95 (0.62 – 1.40)  

0.789 

- 0.88 (0.56 – 1.34)  

0.569 

Anxiety (yes) - - 1.58 (0.46 – 4.09)  

0.422 

- 1.62 (0.47 – 4.23)  

0.402 

Insomnia (yes) - - 0.37 (0.06 – 1.22) 

0.114 

- 0.42 (0.07 – 1.42) 

0.185  

 

Antipsychotic 

(yes) 

- - 2.52 (0.14 – 13.48)  

0.440 

- 3.33 (0.17 – 19.80)  

0.339  

Analgesic (yes) - - 0.72 (0.38 – 1.42)  

0.328 

- 0.65 (0.34 – 1.30)  

0.212 



Anticonvulsant 

(yes) 

- - 1.27 (0.46 – 3.00)  

0.615 

- 1.19 (0.42 – 2.89)  

0.723 

Urinary conditions 

(yes) 

- - 1.82 (1.01 – 3.33)  

0.045 

- 1.47 (0.78 – 2.87)  

0.237 

Thyroid disease 

(yes) 

- - 0.59 (0.28 – 1.15)  

0.124 

- 0.67 (0.31 – 1.34)  

0.267 

Global cognition† - - 1.41 (0.96 – 2.15)  

0.079 

- 1.46 (0.98 – 2.25)  

0.060 

Cardiovascular risk factors/diseases 

Smoking (yes) - - - 1.32 (0.78 – 2.21)  

0.303 

1.67 (0.90 – 3.09)  

0.101 

Hypertension 

(yes) 

- - - 3.27 (1.67 – 7.18)  

0.0003 

2.22 (0.98 – 5.56)  

0.055 

Cholesterol (≥ 

200) 

- - - 0.88 (0.49- 1.53)  

0.649 

0.86 (0.43 – 1.65) 

0.659 

Diabetes (yes) - - - 0.75 (0.32-1.55)  0.65 (0.23 – 1.55)  



0.448 0.347 

Coronary artery 

disease (yes) 

- - - 1.71 (0.80 – 3.32)  

0.157  

1.59 (0.65 – 3.47)  

0.294 

Claudication (yes) 
- - - 1.20 (0.52 – 2.42)  

0.639 

1.07 (0.40 – 2.43)  

0.884 

*Results for 1-unit increase. †Results for 1-SD increase. 

Model A is the core model adjusted for age, sex, and years of education. Model B, C, and D all build upon model A by additionally 

including nighttime sleep factors (B), co-morbidities (C), and cardiovascular diseases and risk factors (D), respectively. Model E 

is the full model with all covariates adjusted. 

CI = confidential interval; HR = hazard ratio; SD = standard deviation 

 

  



Table S2. Daytime nap frequency, covariates, and incident heart failure jointed determined by self-report and 

medication. 

 Models 

 A B C D E 

Variables HR (95% CI), 

p value 

HR (95% CI), 

p value 

HR (95% CI), 

p value 

HR (95% CI), 

p value 

HR (95% CI), 

p value 

Age* 1.03 (0.99 – 1.07)  

0.127 

1.03 (0.99- 1.07)  

0.120 

1.04 (0.98 – 1.09)  

0.199 

1.02 (0.99 – 1.06)  

0.229 

1.04 (0.98 – 1.10)  

0.200 

Sex (female) 0.92 (0.52 – 1.75)  

0.796 

0.90 (0.50 – 1.71)  

0.730 

0.87 (0.41 – 1.98)  

0.733 

0.95 (0.52 – 1.85)  

0.869 

0.86 (0.38 – 2.06)  

0.723 

Education* 0.92 (0.84 – 1.00)  

0.059 

0.92 (0.84 – 1.00)  

0.052 

0.91 (0.82 – 1.02)  

0.095 

0.93 (0.85 – 1.02)  

0.134 

0.91 (0.81 – 1.01)  

0.080 

Nap frequency 

(square root 

transformed)† 

1.48 (1.15 – 1.90) 

0.003 

1.58 (1.20 – 2.05) 

0.002 

1.46 (1.07 – 1.99)  

0.018 

1.42 (1.10 – 1.82)  

0.007 

1.66 (1.16 – 2.35)  

0.006 

Sleep 



Total nighttime 

sleep duration* 

- 0.98 (0.80 - 1.22)  

0.861 

- - 1.01 (0.78 – 1.36)  

0.935 

Sleep 

fragmentation 

index† 

- 1.01 (0.74 – 1.29)  

0.946 

- - 1.11 (0.77 – 1.53) 

0.543 

Comorbidities 

Alcohol 

consumption (≥ 1 

drink per week) 

- - 0.98 (0.53 – 1.80)  

0.950 

- 0.99 (0.52 – 1.89)  

0.983  

Body mass index* - - 1.05 (1.00 – 1.10)  

0.069 

- 1.04 (0.99 – 1.09)  

0.153 

Frailty (yes) - - 1.93 (0.63 – 5.18)  

0.236 

- 2.17 (0.69 – 6.02)  

0.177 

Parkinsonian 

Signs (yes) 

- - 0.95 (0.62 – 1.40)  

0.082 

- 0.94 (0.88 – 1.01)  

0.091 

Motor function† - - 0.60 (0.37 – 0.94)  - 0.61 (0.38 – 0.97)  



0.026 0.038 

Mobility Disability 

(yes) 

- - 1.45 (0.68 – 3.00)  

0.328 

- 1.40 (0.65 – 2.93)  

0.382 

Depression 

(square root 

transformed)* 

- - 0.95 (0.62 – 1.40)  

0.799 

- 0.88 (0.56- 1.34)  

0.573 

Anxiety (yes) - - 1.64 (0.48 – 4.26)  

0.388 

- 1.70 (0.49 – 4.45)  

0.363  

Insomnia (yes) - - 0.37 (0.06 – 1.22)  

0.114 

- 0.43 (0.07 – 1.45)  

0.197 

Antipsychotic 

(yes) 

- - 2.50 (0.13 – 13.25)  

0.443 

- 3.23 (0.17 – 19.11)  

0.350 

Analgesic (yes) - - 0.70 (0.37 – 1.38)  

0.293 

- 0.63 (0.33 – 1.26)  

0.186 

Anticonvulsant 

(yes) 

- - 1.22 (0.44 – 2.89)  

0.676 

- 1.17 (0.41 – 2.85)  

0.745 



Urinary conditions 

(yes) 

- - 1.81 (1.01 – 3.32)  

0.046 

- 1.49 (0.79 – 2.89)  

0.220 

Thyroid disease 

(yes) 

- - 0.60 (0.28 – 1.17)  

0.136 

- 0.68 (0.32 – 1.36)  

0.289 

Global cognition† - - 1.44 (0.98 – 2.18)  

0.067 

- 1.51 (1.01 – 2.33)  

0.045 

Cardiovascular risk factors/diseases 

Smoking (yes) - - - 1.31 (0.77 – 2.19)  

0.313 

1.68 (0.91 – 3.11)  

0.099 

Hypertension 

(yes) 

- - - 3.25 (1.66 – 7.14)  

0.001 

2.17 (0.96 – 5.42)  

0.062 

Cholesterol (≥ 

200) 

- - - 0.88 (0.49 – 1.52)  

0.644 

0.86 (0.43 – 1.64)  

0.643 

Diabetes (yes) 
- - - 0.75 (0.32 – 1.55)  

0.466  

0.66 (0.24 – 1.57)  

0.367 



Coronary artery 

disease (yes) 

- - - 1.67 (0.78 – 3.26)  

0.154  

1.59 (0.65 – 3.46)  

0.290 

Claudication (yes) 
- - - 1.20 (0.52 – 2.41)  

0.644 

1.08 (0.40 – 2.47)  

0.870 

*Results for 1-unit increase. †Results for 1-SD increase. 

Model A is the core model adjusted for age, sex, and years of education. Model B, C, and D all build upon model A by additionally 

including nighttime sleep factors (B), co-morbidities (C), and cardiovascular diseases and risk factors (D), respectively. Model E 

is the full model with all covariates adjusted. 

CI = confidential interval; HR = hazard ratio; SD = standard deviation 

 



Table S3. Dichotomized napping characteristics and incident heart failure. 

Variables HR (95% CI), 

p value 

HR (95% CI), 

p value 

Age* 1.04 (1.01 – 1.07)  

0.016 

1.03 (1.00 – 1.07) 

0.041 

Sex (female) 0.93 (0.56 – 1.54) 

0.765 

0.93 (0.57 – 1.59)  

0.787 

Education* 0.94 (0.87 – 1.01) 

0.081 

0.94 (0.87 – 1.01) 

0.083 

Longer nappers 1.73 (1.11 – 2.69) 

0.014 

- 

Frequent nappers - 2.20 (1.41- 3.46)  

0.001 

*Results for 1-unit increase. 

CI = confidential interval; HR = hazard ratio 

 

  



Table S4. Sensitivity analyses results within subjects who were cognitively intact at 

baseline. 

Variables HR (95% CI), 

p value 

HR (95% CI), 

p value 

Age* 1.04 (1.01 – 1.08)  

0.016 

1.04 (1.01 – 1.08) 

0.023 

Sex (female) 1.06 (0.60 – 1.99) 

0.846 

1.08 (0.62 – 2.03) 

0.795 

Education* 0.93 (0.86 – 1.01 

0.090 

0.93 (0.85 – 1.01) 

0.077 

Nap duration (square root 

transformed)† 

1.39 (1.09 – 1.75) 

0.009 

- 

Nap frequency (square root 

transformed)† 

- 1.45 (1.14- 1.83) 

0.003 

*Results for 1-unit increase. †Results for 1-SD increase. 

CI = confidential interval; HR = hazard ratio; SD = standard deviation 

  



Table S5. Nighttime sleep duration and incident heart failure. 

Variables HR (95% CI), 

p value 

Age* 1.05 (1.02 – 1.08) 

0.004 

Sex (female) 0.92 (0.57- 1.58) 

0.762 

Education* 0.94 (0.87 – 1.01) 

0.077 

Total nighttime sleep duration* 0.91 (0.78 – 1.07) 

0.261 

*Results for 1-unit increase. 

CI = confidential interval; HR = hazard ratio 

  



Table S6. Objective measures of daytime napping duration, nighttime sleep duration, 

and incident heart failure. 

Variables HR (95% CI), 

p value 

Age* 1.04 (1.01 – 1.07)  

0.014 

Sex (female) 0.93 (0.57 – 1.59)  

0.780 

Education* 0.94 (0.87 – 1.01)  

0.089 

Nap duration (square root 

transformed)† 

1.44 (1.16 – 1.78) 

0.001 

Total nighttime sleep duration* 0.88 (0.75 – 1.04)  

0.143 

Nap duration (square root 

transformed) × Total nighttime sleep 

duration 

0.99 (0.96 – 1.02)  

0.670 

*Results for 1-unit increase. †Results for 1-SD increase. 

CI = confidential interval; HR = hazard ratio; SD = standard deviation 

  



Table S7. Objective measures of daytime napping duration, longer nocturnal sleeper, 

and incident heart failure. 

Variables HR (95% CI), 

p value 

Age* 1.04 (1.00 – 1.07) 

0.025 

Sex (female) 0.90 (0.55 – 1.53) 

0.674 

Education* 0.94 (0.87 – 1.01) 

0.081 

Nap duration (square root 

transformed)† 

1.39 (1.12 – 1.72) 

0.004 

Night sleep ≥ 6 hours (yes) 1.02 (0.62 – 1.57) 

0.999 

Nap duration (square root 

transformed) × Night sleep ≥ 6 hours 

0.97 (0.87 – 1.09) 

0.642 

*Results for 1-unit increase. †Results 1-SD increase 

CI = confidential interval; HR = hazard ratio; SD = standard deviation 

  



Table S8. Daytime napping and total daily activity and incident heart failure. 

Variables HR (95% CI), 

p value 

HR (95% CI), 

p value 

HR (95% CI), 

p value 

Age* 1.03 (1.00 – 1.07)  

0.034 

1.03 (1.00 – 1.07) 

0.052 

1.04 (1.00 – 1.07) 

0.031 

Sex (female) 0.95 (0.57 – 1.57) 

0.828 

0.94 (0.58 – 1.60)  

0.810 

0.94 (0.57 – 1.57) 

0.826 

Education* 0.93 (0.87 – 1.01) 

0.070 

0.94 (0.87 – 1.01) 

0.077 

0.93 (0.86 – 1.00) 

0.061 

Total daily activity 

(square root 

transformed)† 

1.22 (0.93, 1.59), 

0.149 

1.09 (0.83, 1.45) 

0.535 

1.35 (1.06 – 1.70) 

0.013 

Longer nappers 1.44 (0.86 – 2.40) 

0.164 

- - 

Frequent nappers - 2.00 (1.16- 3.44)  

0.012 

- 

*Results for 1-unit increase. †Results for 1-SD decrease. 

CI = confidential interval; HR = hazard ratio; SD = standard deviation 

 



Figure S1. Number of awakenings and its correlations with sleep fragmentation index, 

nap duration, and nap frequency. 

 

 

 

 

  



Figure S2. Napping characteristics highly correlated with total daily activity. 

 

 

 

 

 


