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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. 
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. Introduction 

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

Current data suggest a high prevalence of sleep deficiency and sleep
isorders in the US [5] . Studies have suggested an association of short
nd long sleep duration with higher CV mortality [6-8] . The exact patho-
hysiological basis behind this association is unknown. Inflammation
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as an independent association with worse CV prognosis and may be
ne of the factors mediating the association of sleep duration with CV
ortality [9-11] . 

In this study, we investigate the associations of sleep duration with
aseline CV risk, inflammation and their effect on incident CV mortal-
ty in a representative cohort of US adults. We hypothesize that both
hort and long sleep duration are associated are associated with higher
nflammation 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. 
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. Methods 

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

.1. Study design and participants 

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

.2. Data synthesis 

Data regarding sleep patterns were self-reported and collected during
he home-interview phase of the NHANES. We combined the NHANES
ata with the cause of death from probabilistically linked death certifi-
ate records provided by the National Center of Health Statistics from
he National Death Index [13] . 

.3. Inclusion and exclusion criteria 

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

.4. Study variables 

Sleep duration was the independent variable of interest. For quan-
ifying the sleep duration in hours, the participants were asked, “How
uch sleep you usually get at night on weekdays or workdays? ” Par-

icipant’s responses were rounded in hours and recorded as a range of
alues from 1 to 12. A response of ≥ 12 h was recorded as 12 h or more.
-reactive protein (CRP) was the inflammatory marker in this investiga-
ion and was available from the blood samples collected at the time of
he visit to the mobile examination center. Details of CRP measurement
re given in the eMethods. 

Data on demographic and clinical characteristics were collected ei-
her during the interview or visit to the mobile examination center. The
ariable codes and diagnostic criteria used to define co-morbidities are
iven in eMethods and eTable 2 in the supplement. Prevalent CV dis-
ase was defined as self-reported angina, heart attack, coronary artery
isease, 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. 
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ASCVD) risk was calculated using the pooled cohort-equations for par-
icipants without prevalent CV disease [14] . For estimation of ASCVD
isk, participants aged < 40 years or > 79 years were considered as 40 and
9 years old, respectively. The class of prescription medication grouped
s a psychotropic medication is given in eTable 2. 

.5. Study outcome 

The outcome of our analysis was death due to cardiac causes (CV
ortality) during follow-up. CV mortality was defined as a composite

f death due to either disease of the heart (I00–I09, I11, I13, I20–I51) or
erebrovascular disease (I60–I69). Participants with CV mortality were
ensored at the date of death while those without CV mortality were
ensored either at the time of non-CV death or last date of follow-up.
ollow-up time was defined as the time from the mobile examination
enter date to the date of death or end of mortality period. 

.6. Statistical analysis 

Continuous variables were represented as medians with interquartile
anges (IQRs) and categorical variables were represented as counts with
roportions. The Wilcoxon rank-sum test and Chi-squared tests were
sed to identify the differences in baseline characteristics in continuous
nd categorical variables, respectively. We used multivariate linear re-
ression while accounting for non-linearity using restricted cubic spline
odels to ascertain the associations between sleep duration and CRP,

s well as sleep duration and 10-year ASCVD risk. Multivariate Poisson
egression models were used to ascertain the associations between sleep
uration and incident rate of CV mortality. 

The sleep duration with the lowest incidence rate of CV mortality
as then defined as the optimal sleep duration. Sleep duration was clas-

ified as either less than optimal (short sleep), optimal, or more than
ptimal (long sleep). Hazard ratios (HRs) and 95% confidence intervals
CI) for sleep duration class and CV mortality were estimated in the
nadjusted and adjusted Cox proportion hazard analyses. The propor-
ionality assumption was verified using Schöenfeld residuals [15] . We
lso studied the association using four pre-defined self-reported sleep
uration categories: < 6 h, 6- < 7 h, 7–8 h and > 8 h. 

The multivariable models consisted of the following covariates: age,
ender, race, self-reported cardiovascular disease, hypertension, dia-
etes mellitus, glomerular filtration rate (estimated by the Modification
f Diet in Renal Disease equation) [16] , smoking status, body mass in-
ex, and dyslipidemia. Missing values of these covariates were imputed
sing age, gender, and race for the adjusted analysis [19] . There was no
ifference in the central tendency, spread, and predictive ability in the
ox model between imputed and the un-imputed variables (eTable 3).
e also used competing risk regression analyses with non-CV mortality
s a competing risk to estimate sub distributional hazard ratios for sleep
ategories according to the method described by Fine and Gray [17] . 

Further, we calculated the population attributable fraction of inflam-
ation (defined as a CRP ≥ 0.3 mg/dL) across the sleep duration cate-

ories in the multivariable model to understand the proportional re-
uction in CV mortality with correction of inflammation across sleep
ategories [18] . 

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

. Results 

.1. Baseline characteristics 

Out of 31,034 participants in the NHANES from 2005 and 2010,
7,635 participants met eligibility criteria ( Fig. 1 ). The median age of
he eligible participants was 46 years (IQR 31,63); women constituted
1.0% of the study population ( Table 1 ). The majority of the popula-
ion (46.9%) was non-Hispanic White. CRP concentration was available
n 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
ypertension was 17.0%, 71.0%, and 56.0%, respectively. Self-reported
V disease was found in 7% of participants. The 10-year ASCVD risk
as computed in 80.0% of participants (the remaining 20.0% had miss-

ng 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-
hotropic medications. The median sleep duration was 7 hours (IQR 6,
) 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
ccurred at an incidence rate of 2.7 per 1000-person years (IQR 2.4,
.0). 

.1.1. Sleep duration and CV mortality 

There was a U-shaped relationship between sleep duration and CV
ortality with the lowest incidence rate associated with a sleep duration

f 6–7 h (incidence rate 1.8 per 1000-person years, IQR 1.5, 2.2, P -
rend < 0.001) ( Central Figure Panel A). This association remained robust
fter extensive adjustment in the multivariable model ( Central Figure
anel B). 

There were 2,755 (15.6%), 8,714 (49.4%), and 6,166 (35.0%) par-
icipants with less than optimal ( < 6 h, short sleep), optimal (6–7 h), and
ore 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. 
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as no clinically significant difference in the age of participants across
leep categories. There was a significantly higher representation of non-
ispanic Blacks among short sleepers. There was a higher prevalence
f diabetes mellitus, hypertension, and prevalent CV disease among
hose with short and long sleep compared to those with optimal sleep
 Table 1 ). 

The unadjusted risk of CV mortality among those with short and
ong sleep was 62% and 103% higher than those with optimal sleep (HR
.62, 95% CI 1.19, 2.21, p = 0.002 for short sleep and HR 2.03, 95%
I 1.61, 2.57, p < 0.001 for long sleep). The elevated hazard remained
ignificant after multivariate adjustment (HR 1.45, 95% CI 1.06, 1.99,
 = 0.019 for short sleep and HR 1.45, 95% CI 1.14, 1.83, p = 0.002 for
ong sleep, Fig. 2 Panel A). This relationship was consistent among men
nd women (etable 4). Among the four pre-defined sleep categories, a
elf-reported sleep duration of 7–8 h was associated with a higher risk
f CV mortality as compared with 6- < 7 h (reference) in both unadjusted
.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
hange in the competing risk regression model with death due to non-CV
auses as a competing risk (standardized HR 1.42, 95% CI 1.04, 1.96,
 = 0.027 for short sleep and standardized HR 1.41, 95% 1.11, 1.79,
 = 0.004 for long sleep, Fig. 2 Panel B). 
ig. 2. Cumulative proportion (Panel A) and cumulative sub-hazard of CV mortality
azard model. Red, green and blue line represent short ( < 6 hours), optimal (6-7 hour
ncluded age, gender, race, self-reported cardiovascular disease, hypertension, diabe
enal Disease equation, smoking status, body mass index, and dyslipidemia. CV, cardi
SHR, adjusted subhazard ratio. 
.1.2. Sleep duration and 10-year ASCVD risk score 

There was a U-shaped relationship with the median 10-year ASCVD
isk score and the sleep duration such that participants with optimal
leep had the lowest risk ( P -trend < 0.001, Fig. 3 ). 

.1.3. Sleep duration and CRP 

There was a U-shaped relationship between median CRP concentra-
ion and sleep duration such that patients with optimal sleep had the
owest CRP concentration (0.23 [IQR 0.09, 0.56] mg/dl for short sleep,
nd 0.20 [IQR 0.08, 0.49] mg/dl for long sleep versus 0.18 [IQR 0.07,
.43] mg/dl optimal sleep, p < 0.001) both in the univariate and multi-
ariable 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)

or short sleep, and 12.8% (95% CI 4.0, 20.8, p < 0.05) for long sleep vs.
1.2 (95% CI 3.6, 18.2, p < 0.05) for optimal sleep in the multivariable
odel ( Fig. 5 ) 

. Discussion 

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

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

There was a higher prevalence of established CV risk factors such
s higher body mass index, diabetes mellitus, and hypertension among
hose with less-than-optimal sleep. This association has been consis-
ently demonstrated in previous large studies [27–30] . Acute sleep de-
 with non-CV mortality as a competing risk (Panel B) using Cox proportional 
s) and long sleep ( > 7 hours), respectively. The adjusted model in both analyses 
tes mellitus, glomerular filtration rate estimated using Modification of Diet in 
ovascular, PY, person-years, aHR, adjusted hazard ratio, CI, confidence interval, 
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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.) 
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rivation leads to sympathetic activation and is associated with a rise
n 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
therosclerotic events [ 10 , 11 ]. Thus, we hypothesize that sleep depri-
ation leads to higher CV mortality due to atherosclerotic events. Our
esults also suggest that both CRP and ASCVD risk are elevated among
articipants with < 6 hours of sleep. The exact mechanisms behind ad-
erse health events associated with chronic sleep deprivation are less
recise but are likely due to the continuation of the same pathophysio-
ogical process [3] . 

The association of long sleep with increased CV mortality has been
reviously demonstrated [ 4 , 6 , 20 ]. Similar to previous studies, there was
 higher prevalence of comorbidities such as diabetes mellitus and hy-
ertension in this cohort [ 6 , 22 ]. These co-morbid conditions may cause
he participant to sleep more [ 36 , 37 ]. But, the independent association
f long sleep remained significant in the multivariable model. There was
 higher prevalence of self-reported sleep disorders and the use of psy-
hotropic medications in those with long sleep. There could be unmea-
ured confounding due to these factors. Data on type of sleep disorders
ere not collected as part of NHANES. 

To the best of our knowledge, this is the first time that the association
etween short and long sleep, inflammation, cardiovascular risk, and CV
ortality has been demonstrated in a large representative cohort of the
S population. Through the U-shaped relationship between sleep dura-

ion 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). 
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hat patients with short or long sleep may have increased CV mortality
ue to atherosclerotic disease associated with inflammation. Previous
ndings also suggest a U-shaped relationship between coronary artery
alcium score and sleep duration with a minimum score associated with
 sleep duration of 7 hours [38] . Further, around 12–14% risk of CV mor-
ality can be attributed to less or more than optimal sleep. This needs
o be further investigated in large prospective studies. It is unknown if
he correction of sleep pattern is associated with reduced inflammation,
ndependent of other co-morbidities. Future studies should also investi-
ate if immunomodulatory therapy in patients with short- or long sleep
an alter CV outcomes. 

There are several important limitations to our study. We used self-
eported sleep duration. This may differ from the duration of sleep when
easured by polysomnography. Previous studies suggest that self-report

leep times are generally overestimated [ 26 , 39 ]. Besides sleep duration,
leep quality and irregularity are important factors governing optimal
leep [ 40 , 41 ]. Data for these factors were not collected in the NHANES.
leep duration and CRP were measured only during the initial visit. CRP
easurement was done only at baseline and we could not correlate tem-
oral trends due to lack of serial measurement. We also used imputed
ata for missing variables in the multivariable model. However, the as-
ociation of unimputed and imputed variable was similar in the Cox
odel. We do not have the temporal trends of sleep duration and CRP

o establish a causal relationship with CV mortality. 
To conclude, the analysis of a large representative cohort of US adults

uggests a U-shaped relationship of CV mortality, CRP, and 10-year AS-
VD risk with sleep duration such that the minimum risk was associated
ith a sleep duration of 6–7 h. These hypothesis-generating findings

uggest an association between sleep duration, inflammation, and CV
ortality. 
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