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Restfulness from sleep 
and subsequent cardiovascular 
disease in the general population
Hidehiro Kaneko1,2*, Hidetaka Itoh1, Hiroyuki Kiriyama1, Tatsuya Kamon1, 
Katsuhito Fujiu1,2, Kojiro Morita3,4, Nobuaki Michihata5, Taisuke Jo5, Norifumi Takeda1, 
Hiroyuki Morita1, Hideo Yasunaga3 & Issei Komuro1

We aimed to clarify the association between restfulness from sleep and subsequent risk of 
cardiovascular disease (CVD). Medical records of 1,980,476 individuals with neither prior history of 
CVD nor sleep disorders were extracted from the Japan Medical Data Center. Restfulness from sleep 
was subjectively assessed using information from the questionnaires at initial health check-ups. 
The mean age was 45 ± 11 years and 1,184,937 individuals were men. Overall, 1,197,720 individuals 
(60.5%) reported having good restfulness from sleep. The mean follow-up period was 1122 ± 827 days. 
Myocardial infarction, angina pectoris, stroke, heart failure, and atrial fibrillation occurred in 3673 
(0.2%), 30,241 (1.5%), 13,546 (0.7%), 28,296 (1.4%), and 8116 (0.4%) individuals, respectively. 
Multivariable Cox regression analyses including age, sex, and other CVD risk factors after multiple 
imputation for missing values showed that good restfulness from sleep was associated with lower 
incidence of myocardial infarction (hazard ratio [HR] 0.89, 95% confidence interval [CI] 0.83–0.95), 
angina pectoris (HR 0.85, 95% CI 0.83–0.87), stroke (HR 0.85, 95% CI 0.82–0.88), heart failure 
(HR 0.86, 95% CI 0.84–0.88), and atrial fibrillation (HR 0.93, 95% CI 0.89–0.97). The association of 
restfulness from sleep with CVD events was pronounced in subjects with younger age and female 
sex. In conclusion, good restfulness from sleep may be associated with the lower risk of myocardial 
infarction, angina pectoris, stroke, heart failure, and atrial fibrillation. Further studies are required 
to clarify the underlying mechanism and to develop a novel preventive approach for CVD from the 
perspective of sleep.

Sleep is not only considered a resting and relaxing physiological state, but it is also increasingly recognized as 
an essential indicator of health status. Cardiovascular disease (CVD) is a major cause of morbidity and  death1–3, 
and prevention of CVD is an essential field in cardiovascular  medicine4,5. Sleep is reported to be related to the 
cardiovascular  health6, 7 and is currently recognized as an important element in the field of preventive cardiol-
ogy as  well8.

Many studies have examined the association between sleep duration and clinical outcomes including CVD 
 incidence7,9–18. In addition to the traditional CVD risk factors, both short and long durations of sleep are also 
reported to be associated with an elevated risk of CVD and all-cause  mortality9–11. A meta-analysis of prospec-
tive studies showed that short sleep duration (relative risk 1.48) and long sleep duration (relative risk 1.38) were 
both associated with an elevated risk of coronary heart  disease9.

However, several studies have demonstrated conflicting results regarding the association between sleep dura-
tion and clinical outcomes. For example, a prospective cohort study of Taiwanese adults showed that short sleep 
duration increased the risk of coronary heart disease, whereas long sleep duration did  not14. The MORGEN study 
by Hoevenaar-Blom et al. also reported that short sleep duration increased the risk of CVD and the incidence 
of coronary heart  disease16. In contrast, a cohort study of a general population in Japan showed that it was not 
short sleep duration, but long sleep duration, that might increase the risk of CVD-related  mortality15. A recent 
meta-analysis also showed that longer sleep duration was associated with all-cause mortality and CVD  incidence7.
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The problem with research on this topic might be the reliability of self-reported sleep duration. Self-reported 
sleep durations generally indicate total time spent in bed, which is different from the duration of actual physi-
ological sleep. Lauderdale et al. reported that objective sleep duration evaluated using actigraphy was shorter 
than the self-reported sleep  duration19. Furthermore, the optimal sleep time for an individual may depend on 
genetic  factors20, and appropriate sleep duration varies depending on the individual. Therefore, risk stratification 
using sleep duration alone has various limitations.

Sleep quality is another important factor in the assessment of sleep. Various studies demonstrated that sleep 
quality could be also associated with cardiovascular  health21–23. Several studies have demonstrated that poor 
subjective sleep quality was independently associated with higher all-cause mortality in older  men23,24. It has 
recently been proposed that sleep quality might be more important than sleep  duration25. Therefore, the impor-
tance of comprehensive assessment for restfulness from sleep using both sleep duration and quality is currently 
recognized. In Japan, the information on restfulness from sleep is routinely obtained using the standard question-
naire in Specific Health Checkups which is the annual health screening and promotion service organized by the 
Japanese Ministry of Health, Labour and Welfare (MHLW)26. In this study, we sought to clarify the association 
between restfulness from sleep and incident CVD among the general population without prevalent history of 
CVD using a nationwide epidemiological database.

Materials and methods
Study design and data source. This study is a retrospective observational analysis using the health claims 
database of the Japan Medical Data Center (JMDC; Tokyo, Japan) between January 2005 and August  201827–32. 
The JMDC contracts with more than 60 insurers and includes data for health insurance claims on more than 5 
million registered individuals. Most insured individuals in the JMDC database are employees of relatively large 
Japanese companies. The JMDC database contains the annual health check-up information of study participants, 
which includes laboratory data as well as data from questionnaires regarding medical history and medication 
status. Data on clinical follow-ups obtained by claim records are also included in the JMDC database. Incidence 
of CVD, including myocardial infarction, angina pectoris, stroke, heart failure, and atrial fibrillation, was evalu-
ated using the International Classification of Disease, 10th Revision (ICD-10) diagnosis codes recorded in the 
claim records of each  individual33. We used following ICD-10 diagnosis codes in this study (myocardial infarc-
tion: I210, I211, I212, I213, I214, I219, angina pectoris: I200, I201, I208, I209, stroke: I630, I631, I632, I633, I634, 
I635, I636, I638, I639, I600, I601, I602, I603, I604, I605, I606, I607, I608, I609, I610, I611, I613, I614, I615, I616, 
I619, I629, heart failure: I500, I501, I509, I110, and atrial fibrillation: I480, I481, I482, I483, I484, I489).

Ethics. We conducted this study in accordance with the principles of the Declaration of Helsinki. The 
requirement for informed consent was waived because all data in the JMDC database were anonymized and 
de-identified. All data were compliant with the International Conference on Harmonization  guidelines34. Insti-
tutional Review Board of the University of Tokyo approved this study (2018-10862). Institutional Review Board 
of the University of Tokyo also provided waiver for informed consent. We performed this study in accordance 
with relevant guidelines/regulations.

Restfulness from sleep. We obtained information regarding restfulness from sleep from questionnaires 
in the individuals’ initial health check-up (specific health check-up) records. The questionnaire presented at 
these health check-ups was almost uniform because a regular health check-up is mandatorily performed under 
the jurisdiction of the Ministry of Health, Labor, and Welfare for most Japanese employees using a standardized 
format and protocol. If a study participant answered “YES” to the question, “Do you have a good rest with sleep?” 
then this study participant was categorized as having good restfulness from sleep. If a study participant answered 
“NO” to this question, then this study participant was categorized as having poor restfulness from sleep.

Definition. Obesity was defined as body mass index of ≥ 25 kg/m2. High waist circumference was defined as 
≥ 85 cm for men and ≥ 90 cm for  women35. Hypertension was defined as systolic blood pressure of ≥ 140 mmHg, 
diastolic blood pressure of ≥ 90 mmHg, or use of anti-hypertensive medications. Diabetes mellitus was defined 
as a blood glucose level of ≥ 126 mg/dL, or use of antidiabetic medications including insulin. Dyslipidemia was 
defined as low-density lipoprotein cholesterol level of ≥ 140 mg/dL, high-density lipoprotein cholesterol level of 
< 40 mg/dL, triglyceride level of ≥ 150 mg/dL, or use of lipid-lowering medications.

Statistical procedures. Categorical and continuous data of the baseline characteristics are presented as 
numbers (%) and means (standard deviation). The chi-square test was used to compare the categorical variables. 
The unpaired t-test was used to compare continuous variables. We performed the multivariable Cox regression 
analysis (complete case analysis) to identify prognostic determinants for subsequent CVD events. To account 
for the missing data values shown in Table  1, we also used multiple imputation as a statistical procedure as 
previously  described36. Multiple imputation is a statistical procedure to avert bias caused by missing data by 
creating multiple filling-in patterns to replace missing values with other plausible values. It is also recognized 
as an alternative approach for analyzing incomplete  data37. In this study, we replaced each missing value with 
a set of substituted plausible values by creating 20 filled-in complete data sets using a multiple imputation with 
the chained equation  method38. Covariates included in the multivariable Cox regression analysis were used in 
the multiple imputation process. Hazard ratio (HR) and standard errors were obtained using Rubin’s rules. As 
subgroup analyses, we divided our study population by age (≥ 50 years, < 50 years), sex (men, women), and 
obesity (obese, non-obese), and conducted the multivariable Cox regression analysis in each subgroup. The P 
values for interactions between groups were calculated. A probability value of < 0.05 was considered statistically 
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significant. In the analysis for interactions, a probability value of < 0.10 was considered statistically significant. 
We performed all statistical analyses using SPSS software (version 25, SPSS Inc., Chicago, IL, USA) and Stata 
software (version 16, StataCorp LLC, College Station, TX, USA).

Results
Study population. We analyzed the data of 2,218,206 individuals who were enrolled in the JMDC database 
between January 2005 and August 2018 and whose baseline health check-up data (including data on sleep) 
were available. Exclusion criteria were as follows: (1) age < 20 years (n = 19,948); (2) prior history of myocardial 
infarction, angina pectoris, coronary revascularization, heart failure, stroke, atrial fibrillation, or hemodialysis 
(n = 103,011); and (3) existence of sleep disorders defined as ICD-10 code of G47 (e.g., sleep apnea syndrome 
and insomnia) (n = 114,771). Ultimately, data from 1,980,476 individuals were analyzed in this study. The mean 
follow-up period was 1122 ± 827 days.

Baseline clinical characteristics. Characteristics of the study population are shown in Table 1. Overall, 
the mean age was 45 ± 11 years, and 1,184,937 individuals (59.8%) were men. Among the total cohort, 1,197,720 
individuals (60.5%) reported having good restfulness from sleep. Individuals with good restfulness from sleep 
were older. Obesity and high waist circumference were more common in individuals with poor restfulness from 
sleep. Cigarette smoking was less common, whereas alcohol drinking was more common, in individuals with 
good restfulness from sleep.

Restfulness from sleep and cardiovascular events. During the follow-up period, myocardial infarc-
tion, angina pectoris, stroke, heart failure, and atrial fibrillation occurred in 3673 (0.2%), 30,241 (1.5%), 13,546 
(0.7%), 28,296 (1.4%), and 8116 (0.4%) individuals, respectively. Multivariable Cox regression analyses includ-
ing age, sex, and other CVD risk factors, showed that good restfulness from sleep was associated with a lower 
incidence of myocardial infarction (HR 0.89, 95% CI 0.82–0.96, p = 0.002), angina pectoris (HR 0.85, 95% CI 
0.83–0.87, p < 0.001), stroke (HR 0.86, 95% CI 0.83–0.90, p < 0.001), heart failure (HR 0.86, 95% CI 0.83–0.88, 
p < 0.001), and atrial fibrillation (HR 0.93, 95% CI 0.88–0.98, p = 0.005), as shown in Table 2.

Multivariable Cox regression analyses including age, sex, and other CVD risk factors, after multiple impu-
tation for missing values, also showed that good restfulness from sleep was associated with a lower incidence 
of myocardial infarction (HR 0.89, 95% CI 0.83–0.95, p < 0.001), angina pectoris (HR 0.85, 95% CI 0.83–0.87, 

Table 1.  Characteristics of study population. Data are expressed as mean (standard deviation) or number 
(percentage).

Variables Missing
Restfulness from sleep poor 
(n = 782,756)

Restfulness from sleep good 
(n = 1,197,720) p value

Age, years 0 43.8 (10.5) 45.1 (11.4)  < 0.001

20–29 years 0 87,341 (11.2) 133,540 (11.1) –

30–39 years 0 144,232 (18.4) 193,026 (16.1) –

40–49 years 0 316,094 (40.4) 449,969 (37.6) –

50–59 years 0 182,112 (23.3) 277,717 (23.2) –

60 years 0 52,977 (6.8) 143,468 (12.0) –

Male sex 0 465,284 (59.4) 719,653 (60.1)  < 0.001

Body mass index, kg/m2 78,592 22.8 (3.8) 22.7 (3.5)  < 0.001

Obesity 78,592 177,054 (24.2) 259,942 (22.2)  < 0.001

Waist circumference, cm 237,629 81.0 (10.2) 80.8 (9.6)  < 0.001

High waist circumference 237,629 188,486 (28.1) 290,843 (27.1)  < 0.001

Hypertension 82,872 119,818 (16.4) 210,562 (18.1)  < 0.001

Systolic blood pressure, mmHg 79,272 118.6 (16.2) 119.3 (16.3)  < 0.001

Diastolic blood pressure, mmHg 79,272 73.0 (11.9) 73.5 (11.8)  < 0.001

Diabetes mellitus 474,778 25,992 (4.6) 44,401 (4.7)  < 0.001

Dyslipidemia 134,529 275,343 (38.7) 450,134 (39.7)  < 0.001

Cigarette smoking 3,198 228,398 (29.2) 314,174 (26.3)  < 0.001

Alcohol drinking 20,362 164,147 (21.3) 289,562 (24.4)  < 0.001

Laboratory data

Glucose, mg/dL 479,872 94.1 (17.7) 94.5 (17.0)  < 0.001

HbA1c, % 407,402 5.5 (0.6) 5.5 (0.6)  < 0.001

Low-density lipoprotein cholesterol, 
mg/dL 131,582 119.6 (31.6) 120.1 (31.5)  < 0.001

High-density lipoprotein cholesterol, 
mg/dL 127,176 63.3 (16.5) 63.6 (16.6)  < 0.001

Triglycerides, g/dL 127,631 105.6 (87.3) 106.2 (85.0)  < 0.001
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Table 2.  Multivariable Cox regression analysis for cardiovascular events. Multivariable Cox regression analysis 
for cardiovascular events presented that good restfulness from sleep was independently associated with the 
lower incidence of cardiovascular events including myocardial infarction, angina pectoris, stroke, heart failure, 
and atrial fibrillation.

Variables Hazard ratio 95% Confidence interval p value

Myocardial infarction

Restfulness from sleep good 0.89 0.82–0.96 0.002

Age, years 1.06 1.06–1.07  < 0.001

Sex (man) 2.36 2.12–2.63  < 0.001

Obesity 1.29 1.16–1.42  < 0.001

High waist circumference 1.07 0.97–1.18 0.190

Hypertension 1.71 1.58–1.86  < 0.001

Diabetes mellitus 1.67 1.50–1.85  < 0.001

Dyslipidemia 1.63 1.50–1.76  < 0.001

Cigarette smoking 1.87 1.73–2.02  < 0.001

Alcohol drinking 0.66 0.60–0.72  < 0.001

Angina pectoris

Restfulness from sleep good 0.85 0.83–0.87  < 0.001

Age, years 1.05 1.04–1.05  < 0.001

Sex (man) 1.10 1.07–1.14  < 0.001

Obesity 1.11 1.07–1.15  < 0.001

High waist circumference 1.14 1.10–1.18  < 0.001

Hypertension 1.59 1.54–1.63  < 0.001

Diabetes mellitus 1.35 1.29–1.41  < 0.001

Dyslipidemia 1.22 1.19–1.25  < 0.001

Cigarette smoking 1.07 1.03–1.10  < 0.001

Alcohol drinking 0.94 0.92–0.97  < 0.001

Stroke

Restfulness from sleep good 0.86 0.83–0.90  < 0.001

Age, years 1.07 1.07–1.08  < 0.001

Sex (man) 0.99 0.95–1.04 0.779

Obesity 1.03 0.98–1.09 0.277

High waist circumference 1.03 0.98–1.09 0.293

Hypertension 1.87 1.79–1.95  < 0.001

Diabetes mellitus 1.33 1.25–1.42  < 0.001

Dyslipidemia 1.10 1.06–1.14  < 0.001

Cigarette smoking 1.30 1.24–1.35  < 0.001

Alcohol drinking 0.99 0.95–1.03 0.656

Heart failure

Restfulness from sleep good 0.86 0.83–0.88  < 0.001

Age, years 1.05 1.05–1.05  < 0.001

Sex (man) 1.07 1.04–1.11  < 0.001

Obesity 1.22 1.17–1.26  < 0.001

High waist circumference 1.11 1.07–1.16  < 0.001

Hypertension 1.92 1.87–1.98  < 0.001

Diabetes mellitus 1.32 1.27–1.38  < 0.001

Dyslipidemia 1.08 1.05–1.11  < 0.001

Cigarette smoking 1.10 1.07–1.14  < 0.001

Alcohol drinking 0.97 0.94–1.00 0.037

Atrial fibrillation

Restfulness from sleep good 0.93 0.88–0.98 0.005

Age, years 1.08 1.08–1.08  < 0.001

Sex (Man) 2.47 2.30–2.65  < 0.001

Obesity 1.11 1.04–1.19 0.002

High waist circumference 1.31 1.23–1.40  < 0.001

Hypertension 1.58 1.49–1.67  < 0.001

Diabetes mellitus 1.12 1.03–1.21 0.009

Dyslipidemia 0.84 0.80–0.89  < 0.001

Cigarette smoking 0.99 0.94–1.05 0.809

Alcohol drinking 1.18 1.12–1.24  < 0.001
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p < 0.001), stroke (HR 0.85, 95% CI 0.82–0.88, p < 0.001), heart failure (HR 0.86, 95% CI 0.84–0.88, p < 0.001), 
and atrial fibrillation (HR 0.93, 95% CI 0.89–0.97, p = 0.002), as shown in Table 3.

Subgroup analyses. Results of the subgroup analyses are summarized in Table 4. The association between 
restfulness from sleep and the incidence of myocardial infarction, angina pectoris, stroke, heart failure, and atrial 
fibrillation which was seen in the overall population, was observed in each subgroup except for the association of 
restfulness from sleep with the incidence of myocardial infarction, stroke, and atrial fibrillation among individu-
als with older age, and the association of restfulness from sleep with the incidence of atrial fibrillation among 
those with obesity. The association of restfulness from sleep with CVD events was significantly modified by age 
and sex, and was pronounced in subjects with younger age and female sex. The association of restfulness from 
sleep with CVD events was not modified by the presence of obesity.

Discussion
This comprehensive analysis of a nationwide epidemiological database included approximately two million 
individuals with neither prior history of CVD nor sleep disorders. The results demonstrated that approximately 
60% of the general population reported having good restfulness from sleep and that good restfulness from sleep 
was independently associated with a lower risk of subsequent incidence of CVD, including myocardial infarc-
tion, angina pectoris, stroke, heart failure, and atrial fibrillation. Our results suggest the potential importance of 
having good restfulness from sleep in the primary prevention of CVD among the general population.

Although previous research has focused more on sleep duration and its effects on the incidence of clinical 
outcomes rather than on sleep  quality7, 9–18, several studies have indicated that sleep quality could also affect 
clinical outcomes including subsequent CVD. For example, a population-based cohort study in Japan showed 
that poor self-reported sleep quality might be associated with an elevated risk of all-cause mortality independent 
of sleep  duration39. Sleep quality assessed by the Jenkins Sleep Questionnaire showed that sleep disturbance was 
positively correlated with coronary heart  disease21. A recent meta-analysis showed that sleep quality was associ-
ated with coronary heart disease but made no difference in mortality and other  outcomes7. A systematic review 
with meta-analysis by Sofi et al. showed that insomnia was associated with the risk of CVD and CVD-related 
 death22. Sleep duration and quality are both important, and therefore, we comprehensively assessed “sleep” using 
the answer of study subjects to the questionnaire regarding restfulness from sleep in this study.

Most studies regarding sleep and CVD have focused on its association with the incidence of coronary heart 
disease. Our study gives the first epidemiological data analyzing the relationship between restfulness from sleep 
and the incidence of various CVDs; this includes not only coronary heart disease but also other major CVDs such 
as stroke, heart failure, and atrial fibrillation. Furthermore, because sleep disorders are known to increase the risk 
of  CVD40,41, we excluded individuals with established diagnoses of sleep disorders (e.g., sleep apnea syndrome and 
insomnia) from the analysis of this study. Still, having good restfulness from sleep was independently associated 
with the lower incidence of myocardial infarction, angina pectoris, stroke, heart failure, and atrial fibrillation.

Our study has clinical implications. Approximately 40% of the individuals reported poor restfulness from 
sleep, and that poor restfulness from sleep might elevate the risk of various CVDs. From this point, intervention 
for sleep may have great potential in preventive cardiology. It should also be noted that we could stratify the risk 
of CVD by simply asking individuals a short question about sleep. We believe that asking this simple question 
could be possible even in busy real-world clinical or public health settings and could provide physicians with 
important information on future CVD risk.

Results of subgroup analyses are important as well. The association of restfulness from sleep with CVD events 
was pronounced in subjects with younger age and female sex. Additionally, individuals not having restfulness 
from sleep were more common in those with younger age. The study population in this study are working for 
relatively large Japanese companies. Younger subjects serving for such companies in Japan, may be prone to be 
quite busy, have much mental or physical stress, and irregular lifestyles, which could be related to “poor sleep”. 
Unfortunately, we did not have enough data assessing this point concretely. Further investigations are required 
to clarify the mechanism of these results. Considering that the importance of CVD prevention among young 
adults is increasingly recognized currently, restfulness from sleep could have a potential as a key element for 
CVD prevention in young generations, particularly younger women.

The next essential issues to be addressed are to clarify if interventions that improve restfulness from sleep is 
effective in CVD prevention and how to intervene in poor restfulness from sleep. Various psychological, physi-
ological, social, and environmental factors could lead to poor restfulness from sleep, and there may be individu-
als with latent CVD among those with poor restfulness from sleep. Therefore, root cause investigation for poor 
restfulness from sleep is indispensable as the first step. The beneficial impact of good restfulness from sleep on 
subsequent incidence of CVD is seemingly similar regardless of the targeted disease. Therefore, we speculate 
that good restfulness from sleep might influence primitive development of CVD.

Several possible mechanisms can be suggested to explain the association between restfulness from sleep 
and the subsequent incidence of CVD. Poor sleep is known to induce leptin/ghrelin imbalance and to impair 
glycemic control, and these could lead to obese and metabolic  disorders42–46. Sleep is also an important regula-
tor of circadian rhythm, which is associated with the development of  CVD47, and individuals with poor sleep 
quality may have disturbed circadian rhythms. Kondo et al. reported that the cyclic alternating pattern during 
sleep was associated with heart rate variability, blood pressure, and autonomic  activity48, which could also affect 
the development of CVD. Meier-Ewert et al. demonstrated that sleep disorders were associated with elevated 
serum C-reactive protein levels, suggesting that inadequate sleep may cause chronic  inflammation49, which plays 
a pivotal role in the pathology of various  CVDs50,51. Sleep disturbances were also reported to accelerate subclini-
cal CVD burden including coronary artery calcium, carotid intima media thickness, endothelial dysfunction, 
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Table 3.  Multivariable Cox regression analysis for cardiovascular events after multiple imputation. 
Multivariable Cox regression analysis for cardiovascular events after multiple imputation showed that good 
restfulness from sleep was independently associated with the lower incidence of cardiovascular events 
including myocardial infarction, angina pectoris, stroke, heart failure, and atrial fibrillation.

Variables Hazard ratio 95% Confidence interval p value

Myocardial infarction

Restfulness from sleep good 0.89 0.83–0.95  < 0.001

Age, years 1.06 1.06–1.07  < 0.001

Sex (man) 2.43 2.20–2.68  < 0.001

Obesity 1.26 1.15–1.38  < 0.001

High waist circumference 1.06 0.97–1.17 0.213

Hypertension 1.71 1.58–1.84  < 0.001

Diabetes mellitus 1.67 1.51–1.85  < 0.001

Dyslipidemia 1.65 1.54–1.78  < 0.001

Cigarette smoking 1.88 1.75–2.01  < 0.001

Alcohol drinking 0.66 0.62–0.72  < 0.001

Angina pectoris

Restfulness from sleep good 0.85 0.83–0.87  < 0.001

Age, years 1.05 1.05–1.05  < 0.001

Sex (man) 1.09 1.06–1.12  < 0.001

Obesity 1.11 1.07–1.15  < 0.001

High waist circumference 1.15 1.11–1.19  < 0.001

Hypertension 1.57 1.53–1.62  < 0.001

Diabetes mellitus 1.34 1.29–1.40  < 0.001

Dyslipidemia 1.21 1.18–1.24  < 0.001

Cigarette smoking 1.04 1.01–1.07 0.003

Alcohol drinking 0.94 0.92–0.97  < 0.001

Stroke

Restfulness from sleep good 0.85 0.82–0.88  < 0.001

Age, years 1.07 1.07–1.08  < 0.001

Sex (man) 0.98 0.94–1.02 0.318

Obesity 1.05 0.99–1.10 0.091

High waist circumference 1.04 0.99–1.09 0.129

Hypertension 1.90 1.82–1.97  < 0.001

Diabetes mellitus 1.35 1.27–1.43  < 0.001

Dyslipidemia 1.10 1.06–1.14  < 0.001

Cigarette smoking 1.27 1.22–1.32  < 0.001

Alcohol drinking 1.01 0.97–1.05 0.676

Heart failure

Restfulness from sleep good 0.86 0.84–0.88  < 0.001

Age, years 1.05 1.05–1.05  < 0.001

Sex (man) 1.04 1.01–1.07 0.004

Obesity 1.19 1.15–1.23  < 0.001

High waist circumference 1.13 1.09–1.17  < 0.001

Hypertension 1.94 1.89–1.99  < 0.001

Diabetes mellitus 1.32 1.27–1.38  < 0.001

Dyslipidemia 1.08 1.06–1.11  < 0.001

Cigarette smoking 1.08 1.05–1.11  < 0.001

Alcohol drinking 0.97 0.94–0.99 0.013

Atrial fibrillation

Restfulness from sleep good 0.93 0.89–0.97 0.002

Age, years 1.08 1.08–1.08  < 0.001

Sex (Man) 2.38 2.24–2.54  < 0.001

Obesity 1.09 1.02–1.16 0.008

High waist circumference 1.35 1.27–1.44  < 0.001

Hypertension 1.57 1.50–1.66  < 0.001

Diabetes mellitus 1.12 1.03–1.21 0.008

Dyslipidemia 0.83 0.79–0.87  < 0.001

Cigarette smoking 0.99 0.94–1.04 0.727

Alcohol drinking 1.16 1.11–1.22  < 0.001
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Table 4.  Association of good restfulness from sleep with the incidence of cardiovascular disease in each 
subgroup. Adjusted with sex, obesity, high waist circumference, hypertension, diabetes mellitus, dyslipidemia, 
cigarette smoking, and alcohol drinking in the subgroup analyses stratified by age. Adjusted with age, 
obesity, high waist circumference, hypertension, diabetes mellitus, dyslipidemia, cigarette smoking, and 
alcohol drinking in the subgroup analyses stratified by sex. Adjusted with age, sex, high waist circumference, 
hypertension, diabetes mellitus, dyslipidemia, cigarette smoking, and alcohol drinking in the subgroup 
analyses stratified by the presence of obesity. CI confidence interval. The association between restfulness from 
sleep and the incidence of cardiovascular disease which was seen in the overall population, was observed in 
each subgroup except for the association of restfulness from sleep with the incidence of myocardial infarction, 
stroke, and atrial fibrillation among individuals with older age, and the association of restfulness from sleep 
with the incidence of atrial fibrillation among those with obesity. The association of restfulness from sleep with 
CVD events was significantly modified by age and sex, whereas not by the presence of obesity.

Hazard ratio 95% CI P value P for interaction

Myocardial infarction

 ≥ 50 years 0.99 0.90–1.09 0.855
0.016

 < 50 years 0.86 0.77–0.97 0.010

Angina pectoris

 ≥ 50 years 0.91 0.87–0.94  < 0.001
0.001

 < 50 years 0.85 0.81–0.88  < 0.001

Stroke

 ≥ 50 Years 0.97 0.92–1.02 0.190
0.002

 < 50 years 0.85 0.80–0.91  < 0.001

Heart failure

 ≥ 50 years 0.91 0.87–0.94  < 0.001
0.045

 < 50 years 0.87 0.84–0.91  < 0.001

Atrial fibrillation

 ≥ 50 years 1.05 0.98–1.12 0.146
 < 0.001

 < 50 years 0.91 0.84–0.99 0.032

Myocardial infarction

Men 0.90 0.83–0.98 0.013
0.070

Women 0.80 0.66–0.96 0.017

Angina pectoris

Men 0.87 0.84–0.90  < 0.001
 < 0.001

Women 0.81 0.78–0.85  < 0.001

Stroke

Men 0.88 0.84–0.93  < 0.001
 < 0.001

Women 0.83 0.77–0.88  < 0.001

Heart failure

Men 0.88 0.85–0.91  < 0.001
 < 0.001

Women 0.81 0.77–0.85  < 0.001

Atrial fibrillation

Men 0.94 0.89–1.00 0.047
 < 0.001

Women 0.86 0.76–0.97 0.014

Myocardial infarction

Obese 0.89 0.79–1.00 0.043
0.342

Non-obese 0.88 0.80–0.98 0.013

Angina pectoris

Obese 0.85 0.81–0.89  < 0.001
0.370

Non-obese 0.85 0.82–0.88  < 0.001

Stroke

Obese 0.91 0.85–0.98 0.012
0.201

Non-obese 0.84 0.81–0.88  < 0.001

Heart failure

Obese 0.86 0.82–0.90  < 0.001
0.122

Non-obese 0.85 0.83–0.88  < 0.001

Atrial fibrillation

Obese 0.98 0.90–1.08 0.726
0.275

Non-obese 0.90 0.85–0.96 0.001
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and aortic  stiffness52. Further studies are warranted to elucidate the underlying pathophysiological mechanisms 
of our results.

There are several limitations in this study that need to be addressed. Although we performed multivariable 
Cox regression analyses, we could not eliminate the possibility of unmeasured confounders and residual bias. 
Data on sleep duration were unavailable in our database. Because the population in the JMDC database com-
prised employed working-age individuals, healthy worker bias should be acknowledged. Further investigations 
are required to confirm our results and to generalize them with populations of different ethnicities, races, educa-
tion levels, and incomes. Comparing with other nationwide epidemiological data in  Japan53,54, the incidence of 
CVD in our study is reasonable, and therefore, we believe that our data could have reflected real-world clinical 
practice. However, recorded diagnoses are generally considered less well validated due to the nature of retrospec-
tive design and administrative database. Although the mood is closely related to sleep, our database lacked the 
information on the mood.

In conclusion, this comprehensive analysis of a nationwide epidemiological database suggested that good 
restfulness from sleep was associated with a lower subsequent incidence of myocardial infarction, angina pectoris, 
stroke, heart failure, and atrial fibrillation among the general population without prior history of relevant CVD. 
This exemplifies the potential essential role of sleep in the primary prevention of CVD.

Received: 10 September 2020; Accepted: 2 November 2020

References
 1. Virani, S. S. et al. Heart disease and stroke statistics-2020 update: A report from the American Heart Association. Circulation 141, 

e139–e596. https ://doi.org/10.1161/CIR.00000 00000 00075 7 (2020).
 2. Roth, G. A. et al. Global, regional, and national burden of cardiovascular diseases for 10 causes, 1990 to 2015. J. Am. Coll. Cardiol. 

70, 1–25. https ://doi.org/10.1016/j.jacc.2017.04.052 (2017).
 3. Timmis, A. et al. European Society of cardiology: Cardiovascular disease statistics 2019. Eur. Heart J. 41, 12–85. https ://doi.

org/10.1093/eurhe artj/ehz85 9 (2020).
 4. Arnett, D. K. et al. 2019 ACC/AHA Guideline on the primary prevention of cardiovascular disease: Executive summary: A report 

of the American College of Cardiology/American Heart Association Task Force on clinical practice guidelines. J. Am. Coll. Cardiol. 
74, 1376–1414. https ://doi.org/10.1016/j.jacc.2019.03.009 (2019).

 5. Ray, K. K., Laufs, U., Cosentino, F., Lobo, M. D. & Landmesser, U. The year in cardiology: Cardiovascular prevention. Eur. Heart 
J. 41, 1157–1163. https ://doi.org/10.1093/eurhe artj/ehz92 9 (2020).

 6. Wang, C. et al. Association of estimated sleep duration and naps with mortality and cardiovascular events: A study of 116 632 
people from 21 countries. Eur. Heart J. 40, 1620–1629. https ://doi.org/10.1093/eurhe artj/ehy69 5 (2019).

 7. Kwok, C. S. et al. Self-reported sleep duration and quality and cardiovascular disease and mortality: A dose-response meta-analysis. 
J. Am. Heart Assoc. 7, e008552. https ://doi.org/10.1161/JAHA.118.00855 2 (2018).

 8. St-Onge, M. P. et al. Sleep duration and quality: impact on lifestyle behaviors and cardiometabolic health: A scientific statement 
from the American Heart Association. Circulation 134, e367–e386. https ://doi.org/10.1161/CIR.00000 00000 00044 4 (2016).

 9. Cappuccio, F. P., Cooper, D., D’Elia, L., Strazzullo, P. & Miller, M. A. Sleep duration predicts cardiovascular outcomes: A systematic 
review and meta-analysis of prospective studies. Eur. Heart J. 32, 1484–1492. https ://doi.org/10.1093/eurhe artj/ehr00 7 (2011).

 10. Itani, O., Jike, M., Watanabe, N. & Kaneita, Y. Short sleep duration and health outcomes: A systematic review, meta-analysis, and 
meta-regression. Sleep Med. 32, 246–256. https ://doi.org/10.1016/j.sleep .2016.08.006 (2017).

 11. Jike, M., Itani, O., Watanabe, N., Buysse, D. J. & Kaneita, Y. Long sleep duration and health outcomes: A systematic review, meta-
analysis and meta-regression. Sleep Med. Rev. 39, 25–36. https ://doi.org/10.1016/j.smrv.2017.06.011 (2018).

 12. Rod, N. H. et al. The joint effect of sleep duration and disturbed sleep on cause-specific mortality: Results from the Whitehall II 
cohort study. PLoS ONE 9, e91965. https ://doi.org/10.1371/journ al.pone.00919 65 (2014).

 13. Qiu, L., Sautter, J., Liu, Y. & Gu, D. Age and gender differences in linkages of sleep with subsequent mortality and health among 
very old Chinese. Sleep Med. 12, 1008–1017. https ://doi.org/10.1016/j.sleep .2011.04.014 (2011).

 14. Lao, X. Q. et al. Sleep quality, sleep duration, and the risk of coronary heart disease: A prospective cohort study with 60,586 adults. 
J. Clin. Sleep Med. 14, 109–117. https ://doi.org/10.5664/jcsm.6894 (2018).

 15. Suzuki, E. et al. Sleep duration, sleep quality and cardiovascular disease mortality among the elderly: A population-based cohort 
study. Prev. Med. 49, 135–141. https ://doi.org/10.1016/j.ypmed .2009.06.016 (2009).

 16. Hoevenaar-Blom, M. P., Spijkerman, A. M., Kromhout, D., van den Berg, J. F. & Verschuren, W. M. Sleep duration and sleep quality 
in relation to 12-year cardiovascular disease incidence: The MORGEN study. Sleep 34, 1487–1492. https ://doi.org/10.5665/sleep 
.1382 (2011).

 17. Chandola, T., Ferrie, J. E., Perski, A., Akbaraly, T. & Marmot, M. G. The effect of short sleep duration on coronary heart disease 
risk is greatest among those with sleep disturbance: A prospective study from the Whitehall II cohort. Sleep 33, 739–744. https ://
doi.org/10.1093/sleep /33.6.739 (2010).

 18. Wang, Y. H. et al. Association of longitudinal patterns of habitual sleep duration with risk of cardiovascular events and all-cause 
mortality. JAMA Netw. Open 3, e205246. https ://doi.org/10.1001/jaman etwor kopen .2020.5246 (2020).

 19. Lauderdale, D. S., Knutson, K. L., Yan, L. L., Liu, K. & Rathouz, P. J. Self-reported and measured sleep duration: How similar are 
they?. Epidemiology 19, 838–845. https ://doi.org/10.1097/EDE.0b013 e3181 87a7b 0 (2008).

 20. He, Y. et al. The transcriptional repressor DEC2 regulates sleep length in mammals. Science 325, 866–870. https ://doi.org/10.1126/
scien ce.11744 43 (2009).

 21. Gianfagna, F. et al. Influence of sleep disturbances on age at onset and long-term incidence of major cardiovascular events: The 
MONICA-Brianza and PAMELA cohort studies. Sleep Med 21, 126–132. https ://doi.org/10.1016/j.sleep .2016.01.007 (2016).

 22. Sofi, F. et al. Insomnia and risk of cardiovascular disease: A meta-analysis. Eur. J. Prev. Cardiol. 21, 57–64. https ://doi.
org/10.1177/20474 87312 46002 0 (2014).

 23. Ensrud, K. E. et al. Sleep disturbances and risk of frailty and mortality in older men. Sleep Med. 13, 1217–1225. https ://doi.
org/10.1016/j.sleep .2012.04.010 (2012).

 24. Martin, J. L. et al. Poor self-reported sleep quality predicts mortality within one year of inpatient post-acute rehabilitation among 
older adults. Sleep 34, 1715–1721. https ://doi.org/10.5665/sleep .1444 (2011).

 25. Bin, Y. S. Is sleep quality more important than sleep duration for public health?. Sleep 39, 1629–1630. https ://doi.org/10.5665/sleep 
.6078 (2016).

 26. Kaneko, H., Morita, H. & Komuro, I. Beautiful harmony of the Japanese precious healthcare legacies for the new imperial era. Circ. 
J. 84, 371–373. https ://doi.org/10.1253/circj .CJ-19-1059 (2020).

https://doi.org/10.1161/CIR.0000000000000757
https://doi.org/10.1016/j.jacc.2017.04.052
https://doi.org/10.1093/eurheartj/ehz859
https://doi.org/10.1093/eurheartj/ehz859
https://doi.org/10.1016/j.jacc.2019.03.009
https://doi.org/10.1093/eurheartj/ehz929
https://doi.org/10.1093/eurheartj/ehy695
https://doi.org/10.1161/JAHA.118.008552
https://doi.org/10.1161/CIR.0000000000000444
https://doi.org/10.1093/eurheartj/ehr007
https://doi.org/10.1016/j.sleep.2016.08.006
https://doi.org/10.1016/j.smrv.2017.06.011
https://doi.org/10.1371/journal.pone.0091965
https://doi.org/10.1016/j.sleep.2011.04.014
https://doi.org/10.5664/jcsm.6894
https://doi.org/10.1016/j.ypmed.2009.06.016
https://doi.org/10.5665/sleep.1382
https://doi.org/10.5665/sleep.1382
https://doi.org/10.1093/sleep/33.6.739
https://doi.org/10.1093/sleep/33.6.739
https://doi.org/10.1001/jamanetworkopen.2020.5246
https://doi.org/10.1097/EDE.0b013e318187a7b0
https://doi.org/10.1126/science.1174443
https://doi.org/10.1126/science.1174443
https://doi.org/10.1016/j.sleep.2016.01.007
https://doi.org/10.1177/2047487312460020
https://doi.org/10.1177/2047487312460020
https://doi.org/10.1016/j.sleep.2012.04.010
https://doi.org/10.1016/j.sleep.2012.04.010
https://doi.org/10.5665/sleep.1444
https://doi.org/10.5665/sleep.6078
https://doi.org/10.5665/sleep.6078
https://doi.org/10.1253/circj.CJ-19-1059


9

Vol.:(0123456789)

Scientific Reports |        (2020) 10:19674  | https://doi.org/10.1038/s41598-020-76669-z

www.nature.com/scientificreports/

 27. Goto, A., Goto, M., Terauchi, Y., Yamaguchi, N. & Noda, M. Association between severe hypoglycemia and cardiovascular disease 
risk in Japanese patients with type 2 diabetes. J. Am. Heart Assoc. 5, e002875. https ://doi.org/10.1161/JAHA.115.00287 5 (2016).

 28. Wake, M. et al. Treatment patterns in hyperlipidaemia patients based on administrative claim databases in Japan. Atherosclerosis 
272, 145–152. https ://doi.org/10.1016/j.ather oscle rosis .2018.03.023 (2018).

 29. Kawasaki, R., Konta, T. & Nishida, K. Lipid-lowering medication is associated with decreased risk of diabetic retinopathy and the 
need for treatment in patients with type 2 diabetes: A real-world observational analysis of a health claims database. Diabetes Obes. 
Metab. 20, 2351–2360. https ://doi.org/10.1111/dom.13372  (2018).

 30. Kaneko, H. et al. Association of body weight gain with subsequent cardiovascular event in non-obese general population without 
overt cardiovascular disease. Atherosclerosis 308, 39–44. https ://doi.org/10.1016/j.ather oscle rosis .2020.05.015 (2020).

 31. Kaneko, H. et al. Association of cardiovascular health metrics with subsequent cardiovascular disease in young adults. J. Am. Coll. 
Cardiol. https ://doi.org/10.1038/s4144 0-020-0505-2 (2020).

 32. Kaneko, H. et al. Cardiovascular health metrics of 87,160 couples: Analysis of a nationwide epidemiological database. J. Atheroscler. 
Thromb. https ://doi.org/10.5551/jat.55939  (2020).

 33. Davis, K. L., Meyers, J., Zhao, Z., McCollam, P. L. & Murakami, M. High-risk atherosclerotic cardiovascular disease in a real-world 
employed Japanese population: Prevalence, cardiovascular event rates, and costs. J. Atheroscler. Thromb. 22, 1287–1304. https ://
doi.org/10.5551/jat.28852  (2015).

 34. Dixon, J. R. The International Conference on harmonization good clinical practice guideline. Qual. Assur. 6, 65–74. https ://doi.
org/10.1080/10529 41992 77860  (1998).

 35. Matsuzawa, Y. Metabolic syndrome–definition and diagnostic criteria in Japan. J. Atheroscler. Thromb. 12, 301. https ://doi.
org/10.5551/jat.12.301 (2005).

 36. Yagi, M. et al. Impact of rehabilitation on outcomes in patients with ischemic stroke: A nationwide retrospective cohort study in 
Japan. Stroke 48, 740–746. https ://doi.org/10.1161/STROK EAHA.116.01514 7 (2017).

 37. Rubin, D. B. & Schenker, N. Multiple imputation in health-care databases: An overview and some applications. Stat. Med. 10, 
585–598. https ://doi.org/10.1002/sim.47801 00410  (1991).

 38. Aloisio, K. M., Swanson, S. A., Micali, N., Field, A. & Horton, N. J. Analysis of partially observed clustered data using generalized 
estimating equations and multiple imputation. Stat. J. 14, 863–883 (2014).

 39. Kojima, M. et al. Sleep patterns and total mortality: A 12-year follow-up study in Japan. J. Epidemiol. 10, 87–93. https ://doi.
org/10.2188/jea.10.87 (2000).

 40. Drager, L. F. et al. Sleep apnea and cardiovascular disease: Lessons from recent trials and need for team science. Circulation 136, 
1840–1850. https ://doi.org/10.1161/CIRCU LATIO NAHA.117.02940 0 (2017).

 41. Javaheri, S. & Redline, S. Insomnia and risk of cardiovascular disease. Chest 152, 435–444. https ://doi.org/10.1016/j.chest 
.2017.01.026 (2017).

 42. Spiegel, K. et al. Leptin levels are dependent on sleep duration: relationships with sympathovagal balance, carbohydrate regulation, 
cortisol, and thyrotropin. J. Clin. Endocrinol. Metab. 89, 5762–5771. https ://doi.org/10.1210/jc.2004-1003 (2004).

 43. Taheri, S., Lin, L., Austin, D., Young, T. & Mignot, E. Short sleep duration is associated with reduced leptin, elevated ghrelin, and 
increased body mass index. PLoS Med. 1, e62. https ://doi.org/10.1371/journ al.pmed.00100 62 (2004).

 44. Schultes, B., Schmid, S., Peters, A., Born, J. & Fehm, H. L. Sleep loss and the development of diabetes: A review of current evidence. 
Exp. Clin. Endocrinol. Diabet. 113, 563–567. https ://doi.org/10.1055/s-2005-87294 4 (2005).

 45. Spiegel, K., Tasali, E., Leproult, R. & Van Cauter, E. Effects of poor and short sleep on glucose metabolism and obesity risk. Nat. 
Rev. Endocrinol. 5, 253–261. https ://doi.org/10.1038/nrend o.2009.23 (2009).

 46. Yano, Y. et al. Sleep characteristics and measures of glucose metabolism in blacks: The Jackson heart study. J. Am. Heart Assoc. 9, 
e013209. https ://doi.org/10.1161/JAHA.119.01320 9 (2020).

 47. Thosar, S. S., Butler, M. P. & Shea, S. A. Role of the circadian system in cardiovascular disease. J. Clin. Invest. 128, 2157–2167. https 
://doi.org/10.1172/JCI80 590 (2018).

 48. Kondo, H. et al. Association between heart rate variability, blood pressure and autonomic activity in cyclic alternating pattern 
during sleep. Sleep 37, 187–194. https ://doi.org/10.5665/sleep .3334 (2014).

 49. Meier-Ewert, H. K. et al. Effect of sleep loss on C-reactive protein, an inflammatory marker of cardiovascular risk. J. Am. Coll. 
Cardiol. 43, 678–683. https ://doi.org/10.1016/j.jacc.2003.07.050 (2004).

 50. Libby, P., Ridker, P. M. & Maseri, A. Inflammation and atherosclerosis. Circulation 105, 1135–1143 (2002).
 51. Ridker, P. M. & Silvertown, J. D. Inflammation, C-reactive protein, and atherothrombosis. J. Periodontol. 79, 1544–1551. https ://

doi.org/10.1902/jop.2008.08024 9 (2008).
 52. Aziz, M. et al. Association of subjective and objective sleep duration as well as sleep quality with non-invasive markers of sub-

clinical cardiovascular disease (CVD): A systematic review. J. Atheroscler. Thromb. 24, 208–226. https ://doi.org/10.5551/jat.36194  
(2017).

 53. Saito, I. et al. Association between mortality and incidence rates of coronary heart disease and stroke: The Japan Public Health 
Center-based prospective (JPHC) study. Int. J. Cardiol. 222, 281–286. https ://doi.org/10.1016/j.ijcar d.2016.07.222 (2016).

 54. Kokubo, Y. et al. Development of a basic risk score for incident atrial fibrillation in a Japanese general population—the suita study. 
Circ. J. 81, 1580–1588. https ://doi.org/10.1253/circj .CJ-17-0277 (2017).

Acknowledgements
Research funding and scholarship funds (Hidehiro Kaneko and Katsuhito Fujiu) from Medtronic Japan CO., 
LTD, Abbott Medical Japan CO., LTD, Boston Scientific Japan CO., LTD, and Fukuda Denshi, Central Tokyo 
CO., LTD. Other authors have nothing to disclose.

Author contributions
H.K.: Corresponding author. Conception and design or analysis and interpretation of data. Drafting of the manu-
script. H.I.: Analysis of data. Drafting. H.K.: Analysis of data. Drafting. T.K.: Analysis of data. K.F.: Analysis of 
data. Drafting. K.M.: Analysis of data. Drafting. N.M.: Analysis of data. Drafting. T.J.: Analysis of data. Drafting. 
N.T.: Analysis of data. Drafting. Revising it critically for important intellectual content. H.M.: Analysis of data. 
Drafting. Revising it critically for important intellectual content. H.Y.: Analysis of data. Drafting. Conception 
and design or analysis and interpretation of data. Final approval of the manuscript submitted. I.K.: Analysis of 
data. Drafting. Conception and design or analysis and interpretation of data. Final approval of the manuscript 
submitted.

https://doi.org/10.1161/JAHA.115.002875
https://doi.org/10.1016/j.atherosclerosis.2018.03.023
https://doi.org/10.1111/dom.13372
https://doi.org/10.1016/j.atherosclerosis.2020.05.015
https://doi.org/10.1038/s41440-020-0505-2
https://doi.org/10.5551/jat.55939
https://doi.org/10.5551/jat.28852
https://doi.org/10.5551/jat.28852
https://doi.org/10.1080/105294199277860
https://doi.org/10.1080/105294199277860
https://doi.org/10.5551/jat.12.301
https://doi.org/10.5551/jat.12.301
https://doi.org/10.1161/STROKEAHA.116.015147
https://doi.org/10.1002/sim.4780100410
https://doi.org/10.2188/jea.10.87
https://doi.org/10.2188/jea.10.87
https://doi.org/10.1161/CIRCULATIONAHA.117.029400
https://doi.org/10.1016/j.chest.2017.01.026
https://doi.org/10.1016/j.chest.2017.01.026
https://doi.org/10.1210/jc.2004-1003
https://doi.org/10.1371/journal.pmed.0010062
https://doi.org/10.1055/s-2005-872944
https://doi.org/10.1038/nrendo.2009.23
https://doi.org/10.1161/JAHA.119.013209
https://doi.org/10.1172/JCI80590
https://doi.org/10.1172/JCI80590
https://doi.org/10.5665/sleep.3334
https://doi.org/10.1016/j.jacc.2003.07.050
https://doi.org/10.1902/jop.2008.080249
https://doi.org/10.1902/jop.2008.080249
https://doi.org/10.5551/jat.36194
https://doi.org/10.1016/j.ijcard.2016.07.222
https://doi.org/10.1253/circj.CJ-17-0277


10

Vol:.(1234567890)

Scientific Reports |        (2020) 10:19674  | https://doi.org/10.1038/s41598-020-76669-z

www.nature.com/scientificreports/

Funding
This work was supported by Grants from the Ministry of Health, Labour and Welfare, Japan (19AA2007 and 
H30-Policy-Designated-004) and the Ministry of Education, Culture, Sports, Science and Technology, Japan 
(17H04141).

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to H.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

© The Author(s) 2020

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Restfulness from sleep and subsequent cardiovascular disease in the general population
	Materials and methods
	Study design and data source. 
	Ethics. 
	Restfulness from sleep. 
	Definition. 
	Statistical procedures. 

	Results
	Study population. 
	Baseline clinical characteristics. 
	Restfulness from sleep and cardiovascular events. 
	Subgroup analyses. 

	Discussion
	References
	Acknowledgements


