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a b s t r a c t 

Introduction: The interplay between sleep duration and inflammation on the baseline and incident cardiovascular 
(CV) risk is unknown. We sought to evaluate the association between sleep duration, C-reactive protein (CRP), 
baseline CV risk, and incident CV mortality. 
Methods: We used data from the National Health and Nutrition Examination Survey 2005–2010 linked with the 
cause of death data from the National Center for Health Statistics for adults aged ≥ 18 years. The associations 
between self-reported sleep duration and CRP, 10-year atherosclerotic CV disease risk score (ASCVD) and CV 

mortality were assessed using Linear, Poisson and Cox proportional hazard modeling as appropriate. 
Results: There were 17,635 eligible participants with a median age of 46 years (interquartile range [IQR] 31, 
63). Among them, 51.3% were women and 46.9% were non-Hispanic Whites. Over a median follow-up of 7.5 
years (IQR 6.0, 9.1), 350 CV deaths occurred at an incident rate of 2.7 per 1000-person years (IQR 2.4, 3.0). 
We observed a U–shaped associations between sleep duration and incident CV mortality rate ( P -trend = 0.011), 
sleep duration and 10-year ASCVD risk ( P -trend < 0.001), as well as sleep duration and CRP ( P -trend < 0.001). 
A self-reported sleep duration of 6-7 hours appeared most optimal. We observed that those participants who 
reported < 6 or > 7 hours of sleep had higher risk of CV death attributable to inflammation after accounting for 
confounders. 
Conclusions: There was a U-shaped relationship of incident CV mortality, 10-year ASCVD risk, and CRP with 
sleep duration. These findings suggest an interplay between sleep duration, inflammation, and CV risk. 

1. Introduction 

Cardiovascular (CV) disease is the leading cause of mortality in the 
United States (US) [ 1 , 2 ]. Sleep duration is a risk factor for CV morbidity 
and mortality [ 3 , 4 ]. 

Current data suggest a high prevalence of sleep deficiency and sleep 
disorders in the US [5] . Studies have suggested an association of short 
and long sleep duration with higher CV mortality [6-8] . The exact patho- 
physiological basis behind this association is unknown. Inflammation 
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has an independent association with worse CV prognosis and may be 
one of the factors mediating the association of sleep duration with CV 

mortality [9-11] . 
In this study, we investigate the associations of sleep duration with 

baseline CV risk, inflammation and their effect on incident CV mortal- 
ity in a representative cohort of US adults. We hypothesize that both 
short and long sleep duration are associated are associated with higher 
inflammation and, therefore, higher CV risk. 
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Table 1 

Baseline characteristics of the study population. 

Sleep Duration 
< 6 hours 6-7 hours > 7 hours p-value 

Overall( n = 17,635) Short Sleep( n = 2,755) Optimal Sleep( n = 8,714) Long Sleep( n = 6,166) 

Demographic Parameters 
Age (years) 46 (31, 63) 48 (34, 62) 46 (31, 61) 47 (29, 67) < 0.001 
Women 9,052 (51.3%) 1,390 (50.5%) 4,380 (50.3%) 3,282 (53.2%) 0.001 
Race 
Non-Hispanic White 8,268 (46.9%) 1,020 (37.0%) 4,193 (48.1%) 3,055 (49.5%) < 0.001 
Non-Hispanic Black 3,711 (21.0%) 931 (33.8%) 1,705 (19.6%) 1,075 (17.4%) 
Mexican American 3,357 (19.0%) 406 (14.7%) 1,630 (18.7%) 1,321 (21.4%) 
Other Race - Including Multi-Racial 815 (4.6%) 142 (5.2%) 430 (4.9%) 243 (3.9%) 
Other Hispanic 1,484 (8.4%) 256 (9.3%) 756 (8.7%) 472 (7.7%) 
Anthropometry 
Body Mass Index (kg/m 

2 ) 27.8 (24.1, 32.1) 28.8 (24.9, 33.5) 27.7 (24.1, 32.0) 27.3 (23.7, 31.7) < 0.001 
Comorbidities 
Diabetes Mellitus 2,826 (16.8%) 558 (21.4%) 1,233 (14.9%) 1,035 (17.6%) < 0.001 
Dyslipidemia 12,107 (70.5%) 1,870 (69.8%) 5,996 (70.6%) 4,241 (70.7%) 0.640 
Hypertension 9,536 (56.0%) 1,648 (61.7%) 4,552 (54.2%) 3,336 (56.0%) < 0.001 

Systolic Blood Pressure (mmHg) 120 (112, 134) 122 (112, 136) 120 (112, 132) 122 (110, 136) < 0.001 
Diastolic Blood Pressure (mmHg) 70 (62, 78) 70 (62, 80) 70 (62, 78) 68 (60, 76) < 0.001 

Smoking 7,715 (46.8%) 1,379 (52.5%) 3,750 (45.8%) 2,586 (45.7%) < 0.001 
Chronic Obstructive Pulmonary Disease 161 (1.0%) 50 (1.9%) 57 (0.7%) 54 (1.0%) < 0.001 
Malignancy 393 (8.3%) 55 (7.6%) 173 (7.4%) 165 (9.8%) 0.018 
Prevalent Cardiovascular Disease 1,145 (7.0%) 254 (9.7%) 432 (5.3%) 459 (8.2%) < 0.001 
10-year ASCVD Risk † 3.5 (0.5, 14.4) 4.6 (0.9, 15.7) 3.4 (0.6, 12.3) 3.3 (0.4, 17.2) < 0.001 
On Psychotropic Medications 2,111 (17.1%) 413 (21.0%) 860 (14.1%) 838 (19.8%) < 0.001 
Laboratory Parameters 
Estimated GFR (mL/min/1.73m 

2 ) 98.7 (80.6, 121.4) 98.4 (81.3, 118.7) 98.5 (81.3, 120.4) 99.3 (79.2, 123.1) 0.510 
C-reactive Protein (mg/dL) 0.19 (.07, .47) 0.23 (0.09, 0.56) 0.18 (0.07, 0.43) 0.20 (0.08, 0.49) < 0.001 
Hemoglobin (g/dL) 14.2 (13.1, 15.3) 14.1 (13, 15.2) 14.3 (13.3, 15.4) 14.1 (13.1, 15.2) < 0.001 
Total Leukocyte Count ( ∗ 10 3 cells/μL) 7 (5.8, 8.4) 7 (5.8, 8.5) 6.9 (5.8, 8.4) 7 (5.8, 8.4) 0.190 
Sleep Duration (hours) 7 (6, 8) 5 (4, 5) 7 (6, 7) 8 (8, 8) < 0.001 
Sleep Disorder 1,255 (7.1%) 396 (14.4%) 513 (5.9%) 346 (5.6%) < 0.001 

† In patients without prevalent cardiovascular disease ( n = 14,079). Data are represented as median (25th to 75th percentile), number (percent- 
age). GFR estimated by the modification of diet in renal disease (MDRD) equation. Prevalent cardiovascular disease includes self-reported history 
of coronary artery disease, heart failure or stroke. Psychotropic medications include anticonvulsants, anxiolytics, sedatives, hypnotics, stimulants, 
antidepressants and antipsychotic medications. ASCVD, atherosclerotic cardiovascular disease, GFR, glomerular filtration rate; NHANES, National 
Health, and Nutrition Examination Survey; mmHg = millimeters of mercury; μl = microliter; kg/m 

2 = kilogram per-squared meter; g/dl = grams per 
deciliter; ml/min = milliliters per minute; mmol/L = millimoles per liter; mg/dl = milligrams per deciliter. 

2. Methods 

The study was conducted following the Strengthening the Report- 
ing of Observational Studies in Epidemiology (STROBE) guidelines 
(e Table 1 ). 

2.1. Study design and participants 

The National Health and Nutrition Examination Survey (NHANES) 
collects data from a representative U.S. civilian non-institutionalized 
sample in a 2-year cycle. The NHANES uses a complex, four-stage, prob- 
ability sampling design to select participants. Every participant gives in- 
formed consent and the institutional review board of the National Center 
for Health Statistics approves the protocol. The NHANES study design, 
operation, and contents have been published previously and are avail- 
able online [12] . The sleep questionnaire was introduced in NHANES 
in 2005-06 for participants aged ≥ 16 years and consists of questions on 
sleep habits and disorders. We used data for adult participants aged ≥ 18 
years from three NHANES cycles from 2005-2010 for the current anal- 
ysis ( Fig. 1 ), since data for both sleep habits and inflammatory markers 
were only available for these cycles. Our study used publicly available 
de-identified data hence it was exempt from the institutional review 

board approval. 

2.2. Data synthesis 

Data regarding sleep patterns were self-reported and collected during 
the home-interview phase of the NHANES. We combined the NHANES 

data with the cause of death from probabilistically linked death certifi- 
cate records provided by the National Center of Health Statistics from 

the National Death Index [13] . 

2.3. Inclusion and exclusion criteria 

We included participants aged ≥ 18 years for the current analysis. We 
excluded participants with missing data on sleep duration or follow-up. 
There were no exclusion criteria based on sleep duration or prevalent 
CV disease. 

2.4. Study variables 

Sleep duration was the independent variable of interest. For quan- 
tifying the sleep duration in hours, the participants were asked, “How 

much sleep you usually get at night on weekdays or workdays? ” Par- 
ticipant’s responses were rounded in hours and recorded as a range of 
values from 1 to 12. A response of ≥ 12 h was recorded as 12 h or more. 
C-reactive protein (CRP) was the inflammatory marker in this investiga- 
tion and was available from the blood samples collected at the time of 
the visit to the mobile examination center. Details of CRP measurement 
are given in the eMethods. 

Data on demographic and clinical characteristics were collected ei- 
ther during the interview or visit to the mobile examination center. The 
variable codes and diagnostic criteria used to define co-morbidities are 
given in eMethods and eTable 2 in the supplement. Prevalent CV dis- 
ease was defined as self-reported angina, heart attack, coronary artery 
disease, heart failure, or stroke. The 10-year atherosclerotic CV disease 
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Fig. 1. Flow diagram for study selection. Cardiovascular disease is defined as self-reported coronary artery disease, heart failure, or stroke. TLC: Total Leukocyte 
Count, NHANES: National Health and Nutrition Examination Survey, μL: Microliter. 

(ASCVD) risk was calculated using the pooled cohort-equations for par- 
ticipants without prevalent CV disease [14] . For estimation of ASCVD 

risk, participants aged < 40 years or > 79 years were considered as 40 and 
79 years old, respectively. The class of prescription medication grouped 
as a psychotropic medication is given in eTable 2. 

2.5. Study outcome 

The outcome of our analysis was death due to cardiac causes (CV 

mortality) during follow-up. CV mortality was defined as a composite 
of death due to either disease of the heart (I00–I09, I11, I13, I20–I51) or 
cerebrovascular disease (I60–I69). Participants with CV mortality were 
censored at the date of death while those without CV mortality were 
censored either at the time of non-CV death or last date of follow-up. 
Follow-up time was defined as the time from the mobile examination 
center date to the date of death or end of mortality period. 

2.6. Statistical analysis 

Continuous variables were represented as medians with interquartile 
ranges (IQRs) and categorical variables were represented as counts with 
proportions. The Wilcoxon rank-sum test and Chi-squared tests were 
used to identify the differences in baseline characteristics in continuous 
and categorical variables, respectively. We used multivariate linear re- 
gression while accounting for non-linearity using restricted cubic spline 
models to ascertain the associations between sleep duration and CRP, 
as well as sleep duration and 10-year ASCVD risk. Multivariate Poisson 
regression models were used to ascertain the associations between sleep 
duration and incident rate of CV mortality. 

The sleep duration with the lowest incidence rate of CV mortality 
was then defined as the optimal sleep duration. Sleep duration was clas- 
sified as either less than optimal (short sleep), optimal, or more than 
optimal (long sleep). Hazard ratios (HRs) and 95% confidence intervals 
(CI) for sleep duration class and CV mortality were estimated in the 
unadjusted and adjusted Cox proportion hazard analyses. The propor- 
tionality assumption was verified using Schöenfeld residuals [15] . We 
also studied the association using four pre-defined self-reported sleep 
duration categories: < 6 h, 6- < 7 h, 7–8 h and > 8 h. 

The multivariable models consisted of the following covariates: age, 
gender, race, self-reported cardiovascular disease, hypertension, dia- 
betes mellitus, glomerular filtration rate (estimated by the Modification 
of Diet in Renal Disease equation) [16] , smoking status, body mass in- 
dex, and dyslipidemia. Missing values of these covariates were imputed 
using age, gender, and race for the adjusted analysis [19] . There was no 
difference in the central tendency, spread, and predictive ability in the 
Cox model between imputed and the un-imputed variables (eTable 3). 
We also used competing risk regression analyses with non-CV mortality 

as a competing risk to estimate sub distributional hazard ratios for sleep 
categories according to the method described by Fine and Gray [17] . 

Further, we calculated the population attributable fraction of inflam- 
mation (defined as a CRP ≥ 0.3 mg/dL) across the sleep duration cate- 
gories in the multivariable model to understand the proportional re- 
duction in CV mortality with correction of inflammation across sleep 
categories [18] . 

K.G and N.S.B conceptualized and designed the study. K.G, S.N., R.K., 
and V.J. acquired the data. K.G., R.G., and N.S.B analyzed the data. K.G., 
S.N. and R.K drafted the manuscript. R.G, V.J., W.Z, S.D.P, and N.S.B re- 
vised the manuscript critically. All authors approved the final version of 
the manuscript. All statistical analyses were conducted in Stata version 
14.2 (StataCorp, College Station, TX, U.S.A.). All p-values were 2-sided, 
with < 0.05 considered statistically significant. 

3. Results 

3.1. Baseline characteristics 

Out of 31,034 participants in the NHANES from 2005 and 2010, 
17,635 participants met eligibility criteria ( Fig. 1 ). The median age of 
the eligible participants was 46 years (IQR 31,63); women constituted 
51.0% of the study population ( Table 1 ). The majority of the popula- 
tion (46.9%) was non-Hispanic White. CRP concentration was available 
in 93.9% of the study participants and median CRP was 0.19 mg/dL 
(IQR 0.07, 0.47). The prevalence of diabetes mellitus, dyslipidemia, and 
hypertension was 17.0%, 71.0%, and 56.0%, respectively. Self-reported 
CV disease was found in 7% of participants. The 10-year ASCVD risk 
was computed in 80.0% of participants (the remaining 20.0% had miss- 
ing variables or had prevalent CV disease) and the median risk was 3.5% 

(IQR 0.5, 14.4). Around 17.0% of participants were on some form of psy- 
chotropic medications. The median sleep duration was 7 hours (IQR 6, 
8) and 7.0% of participants had a self-reported sleep disorder ( Table 1 ). 

Over a median follow-up of 7.5 years (IQR 6.0, 9.1), 350 CV deaths 
occurred at an incidence rate of 2.7 per 1000-person years (IQR 2.4, 
3.0). 

3.1.1. Sleep duration and CV mortality 

There was a U-shaped relationship between sleep duration and CV 

mortality with the lowest incidence rate associated with a sleep duration 
of 6–7 h (incidence rate 1.8 per 1000-person years, IQR 1.5, 2.2, P - 
trend < 0.001) ( Central Figure Panel A). This association remained robust 
after extensive adjustment in the multivariable model ( Central Figure 
Panel B). 

There were 2,755 (15.6%), 8,714 (49.4%), and 6,166 (35.0%) par- 
ticipants with less than optimal ( < 6 h, short sleep), optimal (6–7 h), and 
more than optimal sleep ( > 7 h, long sleep), respectively ( Table 1 ). There 
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Central Figure. Relationship of cardiovascular mortality with sleep duration 
across the assembled cohort in the unadjusted (Panel A) and adjusted analy- 
ses (Panel B). Restricted cubic spline Poisson regression model estimates (solid 
black) are presented with 95% confidence intervals (dashed black). Blue bars 
represent the frequency histogram. The adjusted model included age, gen- 
der, race, self-reported cardiovascular disease, hypertension, diabetes mellitus, 
glomerular filtration rate estimated using Modification of Diet in Renal Disease 
equation, smoking status, body mass index, and dyslipidemia. 

was no clinically significant difference in the age of participants across 
sleep categories. There was a significantly higher representation of non- 
Hispanic Blacks among short sleepers. There was a higher prevalence 
of diabetes mellitus, hypertension, and prevalent CV disease among 
those with short and long sleep compared to those with optimal sleep 
( Table 1 ). 

The unadjusted risk of CV mortality among those with short and 
long sleep was 62% and 103% higher than those with optimal sleep (HR 

1.62, 95% CI 1.19, 2.21, p = 0.002 for short sleep and HR 2.03, 95% 

CI 1.61, 2.57, p < 0.001 for long sleep). The elevated hazard remained 
significant after multivariate adjustment (HR 1.45, 95% CI 1.06, 1.99, 
p = 0.019 for short sleep and HR 1.45, 95% CI 1.14, 1.83, p = 0.002 for 
long sleep, Fig. 2 Panel A). This relationship was consistent among men 
and women (etable 4). Among the four pre-defined sleep categories, a 
self-reported sleep duration of 7–8 h was associated with a higher risk 
of CV mortality as compared with 6- < 7 h (reference) in both unadjusted 
1.88 (95% CI 1.37, 2.57) and unadjusted analysis 1.38 (1.01, 1.89) 
(eTable 5). 

The association between sleep categories and CV mortality did not 
change in the competing risk regression model with death due to non-CV 

causes as a competing risk (standardized HR 1.42, 95% CI 1.04, 1.96, 
p = 0.027 for short sleep and standardized HR 1.41, 95% 1.11, 1.79, 
p = 0.004 for long sleep, Fig. 2 Panel B). 

3.1.2. Sleep duration and 10-year ASCVD risk score 

There was a U-shaped relationship with the median 10-year ASCVD 

risk score and the sleep duration such that participants with optimal 
sleep had the lowest risk ( P -trend < 0.001, Fig. 3 ). 

3.1.3. Sleep duration and CRP 

There was a U-shaped relationship between median CRP concentra- 
tion and sleep duration such that patients with optimal sleep had the 
lowest CRP concentration (0.23 [IQR 0.09, 0.56] mg/dl for short sleep, 
and 0.20 [IQR 0.08, 0.49] mg/dl for long sleep versus 0.18 [IQR 0.07, 
0.43] mg/dl optimal sleep, p < 0.001) both in the univariate and multi- 
variable model ( Fig. 4 Panel A and B). 

The population attributable fraction of inflammation (CRP 
≥ 0.3 mg/dL) for CV mortality was 14.1% (95% CI 4.4, 22.9, p < 0.05) 
for short sleep, and 12.8% (95% CI 4.0, 20.8, p < 0.05) for long sleep vs. 
11.2 (95% CI 3.6, 18.2, p < 0.05) for optimal sleep in the multivariable 
model ( Fig. 5 ) 

4. Discussion 

In this study of a large representative cohort of the U.S. population, 
we found a U-shaped relationship between self-reported sleep duration 
and CV mortality such that minimum risk was associated with a sleep 
duration of 6–7 h. Participants with less or more than 6–7 h of sleep 
had a higher CRP, 10-year ASCVD risk score, and CV mortality. These 
findings remained significant in the multivariable and competing risk 
regression models with non-CV mortality as a competing risk. Further, 
optimization of sleep is expected to reduce the population risk of CV 

mortality. 
Previous studies and a meta-analysis of prospective cohort studies 

have suggested that both short and long sleep durations are associated 
with worse CV outcomes [ 4 , 6 , 7 , 20 , 21 ]. However, these studies used 
varying definitions of short and long sleep. Further, recommended sleep 
duration differs across age groups and there is no single cut-off for op- 
timal sleep. To acknowledge this gap, we did not consider a priori def- 
inition of optimal sleep and found that the lowest CV risk is associated 
with a self-reported sleep duration of 6–7 h in US adults aged ≥ 18 years. 
These results are similar to other large-scale studies and are consistent 
with the recommendations of the American Academy of Sleep Medicine 
and Sleep Research Society [3 , 6 , 8 , 21–25] . 

There was a higher prevalence of established CV risk factors such 
as higher body mass index, diabetes mellitus, and hypertension among 
those with less-than-optimal sleep. This association has been consis- 
tently demonstrated in previous large studies [27–30] . Acute sleep de- 

Fig. 2. Cumulative proportion (Panel A) and cumulative sub-hazard of CV mortality with non-CV mortality as a competing risk (Panel B) using Cox proportional 
hazard model. Red, green and blue line represent short ( < 6 hours), optimal (6-7 hours) and long sleep ( > 7 hours), respectively. The adjusted model in both analyses 
included age, gender, race, self-reported cardiovascular disease, hypertension, diabetes mellitus, glomerular filtration rate estimated using Modification of Diet in 
Renal Disease equation, smoking status, body mass index, and dyslipidemia. CV, cardiovascular, PY, person-years, aHR, adjusted hazard ratio, CI, confidence interval, 
aSHR, adjusted subhazard ratio. 



K. Gupta, S. Nagalli, R. Kalra et al. American Journal of Preventive Cardiology 8 (2021) 100246 

Fig. 3. Relationship of 10-year ASCVD risk 
score with sleep duration across the assembled 
cohort in participants without prevalent car- 
diovascular disease, defined self-reported his- 
tory of coronary artery disease, heart failure 
or stroke. Restricted cubic spline Poisson re- 
gression model estimates (solid black) are pre- 
sented with 95% confidence intervals (dashed 
black). Blue bars represent the frequency his- 
togram (n = 14,079). (For interpretation of the 
references to color in this figure legend, the 
reader is referred to the web version of this ar- 
ticle.) 

Fig. 4. Relationship of C-reactive protein with sleep duration across the assembled cohort in the unadjusted (Panel A) and unadjusted analyses (Panel B). Restricted 
cubic spline Poisson regression model estimates (solid black) are presented with 95% confidence intervals (dashed black). Blue bars represent the frequency histogram 

(n = 16,560). The adjusted model included age, gender, race, self-reported cardiovascular disease, hypertension, diabetes mellitus, glomerular filtration rate estimated 
using Modification of Diet in Renal Disease equation, smoking status, body mass index, and dyslipidemia. Mg, milligram, dL, deciliter. (For interpretation of the 
references to color in this figure legend, the reader is referred to the web version of this article.) 

privation leads to sympathetic activation and is associated with a rise 
in blood pressure, inflammation, and gluconeogenesis [30–34] . This 
“stress response ” is associated with an increase in cortisol, CRP, and IL-6 
[ 9 , 33 , 35 ]. This inflammatory milieu is associated with a higher risk of 
atherosclerotic events [ 10 , 11 ]. Thus, we hypothesize that sleep depri- 
vation leads to higher CV mortality due to atherosclerotic events. Our 
results also suggest that both CRP and ASCVD risk are elevated among 
participants with < 6 hours of sleep. The exact mechanisms behind ad- 
verse health events associated with chronic sleep deprivation are less 
precise but are likely due to the continuation of the same pathophysio- 
logical process [3] . 

The association of long sleep with increased CV mortality has been 
previously demonstrated [ 4 , 6 , 20 ]. Similar to previous studies, there was 

a higher prevalence of comorbidities such as diabetes mellitus and hy- 
pertension in this cohort [ 6 , 22 ]. These co-morbid conditions may cause 
the participant to sleep more [ 36 , 37 ]. But, the independent association 
of long sleep remained significant in the multivariable model. There was 
a higher prevalence of self-reported sleep disorders and the use of psy- 
chotropic medications in those with long sleep. There could be unmea- 
sured confounding due to these factors. Data on type of sleep disorders 
were not collected as part of NHANES. 

To the best of our knowledge, this is the first time that the association 
between short and long sleep, inflammation, cardiovascular risk, and CV 

mortality has been demonstrated in a large representative cohort of the 
US population. Through the U-shaped relationship between sleep dura- 
tion and CRP, and sleep duration and ASCVD risk score, we hypothesize 
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Fig. 5. Population attributable fraction(%) for sleep duration across sleep cate- 
gories for cardiovascular mortality in the multivariable model. The square rep- 
resents the population attributable fraction and dashed lines represent the 95% 

confidence interval(CI). 

that patients with short or long sleep may have increased CV mortality 
due to atherosclerotic disease associated with inflammation. Previous 
findings also suggest a U-shaped relationship between coronary artery 
calcium score and sleep duration with a minimum score associated with 
a sleep duration of 7 hours [38] . Further, around 12–14% risk of CV mor- 
tality can be attributed to less or more than optimal sleep. This needs 
to be further investigated in large prospective studies. It is unknown if 
the correction of sleep pattern is associated with reduced inflammation, 
independent of other co-morbidities. Future studies should also investi- 
gate if immunomodulatory therapy in patients with short- or long sleep 
can alter CV outcomes. 

There are several important limitations to our study. We used self- 
reported sleep duration. This may differ from the duration of sleep when 
measured by polysomnography. Previous studies suggest that self-report 
sleep times are generally overestimated [ 26 , 39 ]. Besides sleep duration, 
sleep quality and irregularity are important factors governing optimal 
sleep [ 40 , 41 ]. Data for these factors were not collected in the NHANES. 
Sleep duration and CRP were measured only during the initial visit. CRP 
measurement was done only at baseline and we could not correlate tem- 
poral trends due to lack of serial measurement. We also used imputed 
data for missing variables in the multivariable model. However, the as- 
sociation of unimputed and imputed variable was similar in the Cox 
model. We do not have the temporal trends of sleep duration and CRP 
to establish a causal relationship with CV mortality. 

To conclude, the analysis of a large representative cohort of US adults 
suggests a U-shaped relationship of CV mortality, CRP, and 10-year AS- 
CVD risk with sleep duration such that the minimum risk was associated 
with a sleep duration of 6–7 h. These hypothesis-generating findings 
suggest an association between sleep duration, inflammation, and CV 

mortality. 

Declaration of Competing Interest 

None of the authors had any conflicts of interest or financial disclo- 
sures to declare directly related to this investigation. 

Funding 

Dr. Bajaj was supported by Walter B. Frommeyer, Jr. Fellowship 
in Investigative Medicine awarded by the University of Alabama at 
Birmingham, the American College of Cardiology Presidential Career 

Development Award and the National Center for Advancing Transla- 
tional Research of the National Institutes of Health under award number 
UL1TR001417 . 

Dr. Prabhu is or was supported by NIH R01 grants HL125735 and 
HL147549 and a VA Merit Award I01 BX002706. 

Supplementary materials 

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.ajpc.2021.100246 . 

References 

[1] CDC. National Center for Health Statistics. Deaths and Mortality. 
https://www.cdc.gov/nchs/fastats/leading-causes-of-death.htm . Published 2017. 
Updated 02/27/2020. Accessed 08/14, 2020. 

[2] Global Health Estimates 2016: Deaths by Cause, Age, Sex, by Country and by Region, 
2000-2016. In. Geneva: World Health Organization; 2018. 

[3] Consensus Conference P , Watson NF , Badr MS , et al. Joint consensus statement of 
the American academy of sleep medicine and sleep research society on the recom- 
mended amount of sleep for a healthy adult: methodology and discussion. J Clin 
Sleep Med 2015;11(8):931–52 . 

[4] Cappuccio FP , Cooper D , D’Elia L , Strazzullo P , Miller MA . Sleep duration predicts 
cardiovascular outcomes: a systematic review and meta-analysis of prospective stud- 
ies. Eur Heart J 2011;32(12):1484–92 . 

[5] CDC. Behavioral risk factor surveillance system https://www.cdc.gov/sleep/ 
data_statistics.html . Published 2014. Accessed 08/13, 2020. 

[6] Shankar A , Koh WP , Yuan JM , Lee HP , Yu MC . Sleep duration and coronary heart 
disease mortality among Chinese adults in Singapore: a population-based cohort 
study. Am J Epidemiol. 2008;168(12):1367–73 . 

[7] Ayas NT , White DP , Manson JE , et al. A prospective study of sleep duration and 
coronary heart disease in women. Arch Intern Med. 2003;163(2):205–9 . 

[8] Patel SR , Ayas NT , Malhotra MR , et al. A prospective study of sleep duration and 
mortality risk in women. Sleep 2004;27(3):440–4 . 

[9] Meier-Ewert HK , Ridker PM , Rifai N , et al. Effect of sleep loss on C-reac- 
tive protein, an inflammatory marker of cardiovascular risk. J Am Coll Cardiol 
2004;43(4):678–83 . 

[10] Ridker PM , Buring JE , Shih J , Matias M , Hennekens CH . Prospective study of C-reac- 
tive protein and the risk of future cardiovascular events among apparently healthy 
women. Circulation 1998;98(8):731–3 . 

[11] Ridker PM , Cushman M , Stampfer MJ , Tracy RP , Hennekens CH . Inflammation, as- 
pirin, and the risk of cardiovascular disease in apparently healthy men. N Engl J 
Med 1997;336(14):973–9 . 

[12] Centers for Disease Control and Prevention (CDC). Department of Health and Hu- 
man Services, Centers for Disease Control and Prevention. National health and nutri- 
tion examination survey questionnaire. 2005. https://www.cdc.gov/nchs/nhanes/ 
about_nhanes.htm . Accessed February 27, 2020. 

[13] National Center for Health Statistics. Office of Analysis and Epidemiology, 
Public-use linked mortality file. 2015. https://www.cdc.gov/nchs/data-linkage/ 
mortality-public.htm . Accessed February 27, 2020. 

[14] Goff DC Jr , Lloyd-Jones DM , Bennett G , et al. 2013 ACC/AHA guideline on the 
assessment of cardiovascular risk: a report of the American College of Cardiol- 
ogy/American Heart Association Task Force on Practice Guidelines. Circulation 
2014;129(25 Suppl 2):S49–73 . 

[15] Schoenfeld D . Partial residuals for the proportional hazards regression model. 
Biometrika 1982;69(1):239–41 . 

[16] Levey AS , Coresh J , Greene T , et al. Using standardized serum creatinine values in 
the modification of diet in renal disease study equation for estimating glomerular 
filtration rate. Ann Intern Med. 2006;145(4):247–54 . 

[17] Austin PC , Lee DS , Fine JP . Introduction to the Analysis of Survival Data in the 
Presence of Competing Risks. Circulation 2016;133(6):601–9 . 

[18] Mansournia MA , Altman DG . Population attributable fraction. BMJ 2018;360:k757 . 
[19] White IR , Royston P , Wood AM . Multiple imputation using chained equations: Issues 

and guidance for practice. Stat Med 2011;30(4):377–99 . 
[20] Gallicchio L , Kalesan B . Sleep duration and mortality: a systematic review and meta–

analysis. J Sleep Res 2009;18(2):148–58 . 
[21] Magee CA , Kritharides L , Attia J , McElduff P , Banks E . Short and long sleep duration 

are associated with prevalent cardiovascular disease in Australian adults. J Sleep 
Res 2012;21(4):441–7 . 

[22] Sabanayagam C , Shankar A . Sleep duration and cardiovascular disease: results from 

the National Health Interview Survey. Sleep 2010;33(8):1037–42 . 
[23] Wingard DL , Berkman LF . Mortality risk associated with sleeping patterns among 

adults. Sleep 1983;6(2):102–7 . 
[24] Hoevenaar-Blom MP , Spijkerman AMW , Kromhout D , van den Berg JF , Ver- 

schuren WMM . Sleep duration and sleep quality in relation to 12-year cardiovascular 
disease incidence: the MORGEN study. Sleep 2011;34(11):1487–92 . 

[25] Chen X , Wang R , Zee P , et al. Racial/Ethnic Differences in Sleep Disturbances: The 
Multi-Ethnic Study of Atherosclerosis (MESA). Sleep 2015;38(6):877–88 . 

[26] Lauderdale DS , Knutson KL , Yan LL , et al. Objectively measured sleep charac- 
teristics among early-middle-aged adults: the CARDIA study. Am J Epidemiol 
2006;164(1):5–16 . 

[27] Gangwisch JE , Heymsfield SB , Boden-Albala B , et al. Sleep duration as a risk factor 
for diabetes incidence in a large US sample. Sleep 2007;30(12):1667–73 . 

https://doi.org/10.13039/100000002
https://doi.org/10.1016/j.ajpc.2021.100246
https://www.cdc.gov/nchs/fastats/leading-causes-of-death.htm
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0003
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0003
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0003
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0003
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0003
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0004
https://www.cdc.gov/sleep/data_statistics.html
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0006
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0006
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0006
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0006
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0006
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0006
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0007
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0007
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0007
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0007
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0007
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0008
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0008
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0008
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0008
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0008
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0009
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0009
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0009
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0009
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0009
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0010
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0010
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0010
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0010
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0010
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0010
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0011
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0011
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0011
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0011
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0011
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0011
https://www.cdc.gov/nchs/nhanes/about_nhanes.htm
https://www.cdc.gov/nchs/data-linkage/mortality-public.htm
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0014
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0014
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0014
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0014
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0014
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0015
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0015
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0017
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0017
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0017
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0017
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0018
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0018
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0018
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0019
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0019
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0019
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0019
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0020
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0020
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0020
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0021
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0021
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0021
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0021
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0021
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0021
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0022
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0022
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0022
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0026
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0026
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0026
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0026
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0026
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0027
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0027
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0027
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0027
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0027


K. Gupta, S. Nagalli, R. Kalra et al. American Journal of Preventive Cardiology 8 (2021) 100246 

[28] Krittanawong C , Kumar A , Wang Z , et al. Sleep duration and cardiovascular health 
in a representative community population (from NHANES, 2005 to 2016). Am J 
Cardiol 2020;127:149–55 . 

[29] Gangwisch JE , Heymsfield SB , Boden-Albala B , et al. Short sleep duration as a risk 
factor for hypertension. Hypertension 2006;47(5):833–9 . 

[30] 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 
2004;1(3):e62 . 

[31] Irwin M , Thompson J , Miller C , Gillin JC , Ziegler M . Effects of sleep and sleep depri- 
vation on catecholamine and interleukin-2 levels in humans: clinical implications. J 
Clin Endocrinol Metab 1999;84(6):1979–85 . 

[32] Tochikubo O , Ikeda A , Miyajima E , Ishii M . Effects of insufficient sleep on 
blood pressure monitored by a new multibiomedical recorder. Hypertension 
1996;27(6):1318–24 . 

[33] Spiegel K , Leproult R , Van Cauter E . Impact of sleep debt on metabolic and endocrine 
function. Lancet 1999;354(9188):1435–9 . 

[34] Besedovsky L , Lange T , Haack M . The sleep-immune crosstalk in health and disease. 
Physiol Rev 2019;99(3):1325–80 . 

[35] Irwin MR , Olmstead R , Carroll JE . Sleep disturbance, sleep duration, and inflamma- 
tion: a systematic review and meta-analysis of cohort studies and experimental sleep 
deprivation. Biol Psychiatry 2016;80(1):40–52 . 

[36] Patel SR , Malhotra A , Gottlieb DJ , White DP , Hu FB . Correlates of long sleep dura- 
tion. Sleep 2006;29(7):881–9 . 

[37] Bellavia A , Åkerstedt T , Bottai M , Wolk A , Orsini N . Sleep duration and survival per- 
centiles across categories of physical activity. Am J Epidemiol 2013;179(4):484–91 . 

[38] Kim C-W , Chang Y , Zhao D , et al. Sleep duration, sleep quality, and markers of 
subclinical arterial disease in healthy men and women. Arterioscler Thromb Vasc 
Biol 2015;35(10):2238–45 . 

[39] Jackson CL , Patel SR , Jackson WB II , Lutsey PL , Redline S . Agreement between self- 
-reported and objectively measured sleep duration among white, black, Hispanic, 
and Chinese adults in the United States: multi-Ethnic Study of Atherosclerosis. Sleep 
2018;41(6) . 

[40] Hublin C , Partinen M , Koskenvuo M , Kaprio J . Sleep and mortality: a popula- 
tion-based 22-year follow-up study. Sleep 2007;30(10):1245–53 . 

[41] Huang T , Mariani S , Redline S . Sleep irregularity and risk of cardiovascular events. 
J Am Coll Cardiol 2020;75(9):991 . 

http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0028
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0028
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0028
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0028
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0028
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0029
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0029
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0029
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0029
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0029
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0032
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0032
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0032
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0032
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0032
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0033
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0033
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0033
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0033
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0034
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0034
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0034
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0034
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0035
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0035
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0035
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0035
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0038
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0038
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0038
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0038
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0038
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0041
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0041
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0041
http://refhub.elsevier.com/S2666-6677(21)00101-X/sbref0041

	Sleep duration, baseline cardiovascular risk, inflammation and incident cardiovascular mortality in ambulatory U.S. Adults: National health and nutrition examination survey
	Recommended Citation
	Authors

	Sleep duration, baseline cardiovascular risk, inflammation and incident cardiovascular mortality in ambulatory U.S. Adults: National health and nutrition examination survey
	1 Introduction
	2 Methods
	2.1 Study design and participants
	2.2 Data synthesis
	2.3 Inclusion and exclusion criteria
	2.4 Study variables
	2.5 Study outcome
	2.6 Statistical analysis

	3 Results
	3.1 Baseline characteristics
	3.1.1 Sleep duration and CV mortality
	3.1.2 Sleep duration and 10-year ASCVD risk score
	3.1.3 Sleep duration and CRP


	4 Discussion
	Declaration of Competing Interest
	Funding
	Supplementary materials
	References


