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Clinical Investigations

Background: Data regarding the associations between sleep duration and clinical cardiovascular (CV) events
are limited. We aimed to analyze any associations between self-reported sleep duration and CV events.
Hypothesis:

Methods: This is a cross-sectional analysis of nationally representative population of noninstitutionalized
US civilians recruited in the 2007 to 2008 National Health and Nutrition Examination Survey. This is a
questionnaire-based study including only those subjects who answered questions on sleep duration and CV
events. The main outcome measures were prevalence of congestive heart failure, myocardial infarction, stroke,
coronary artery disease, and angina.

Results: After logistic regression analysis, significant associations between sleep duration and prevalence of
stroke, myocardial infarction, congestive heart failure, coronary artery disease, and angina were found. There
was a statistically significant increase in stroke in those with <6 hours of sleep (odds ratio [OR]: 2.0111, 95%
confidence interval [Cl]: 1.4356-2.8174), in myocardial infarction in those with <6 hours of sleep (OR: 2.0489,
95% Cl: 1.4878-2.8216), in congestive heart failure in those with <6 hours of sleep (OR: 1.6702, 95% Cl: 1.1555
to 2.4142), in coronary artery disease in those with >8 hours of sleep (OR: 1.1914, 95% Cl: 1.0712-3.4231), and
in angina in those with >8 hours of sleep (OR: 2.0717, 95% Cl: 1.0497-4.0887).

Conclusions: The results of this cross-sectional analysis suggest that sleep duration may be associated with

the prevalence of various CV events.

Introduction

The associated costs with disturbed sleep in terms of
sick days, treatment, and many other unsaid effects on
society are extensive.l2 Apart from cardiovascular (CV)
diseases, shorter or longer sleep durations have also been
associated with respiratory disorders, obesity, and poor self-
rated health.3~® Studies have even reported the duration of
sleep to be a significant predictor of mortality.5”

Very few studies have looked at association of sleep
duration with prevalence of CV events, and they found
varying results. In a previous meta-analysis, longer duration
of sleep was associated with a greater risk of developing
cardiovascular disease (CVD) or dying from it.® The
mechanisms explaining the associations of sleep patterns
and prevalence of CV diseases are not well understood. This
study retrospectively analyzes the association between sleep
duration and the prevalence of CV events using nationally
representative data from the National Health and Nutrition
Examination Surveys database (NHANES).

The authors have no funding, financial relationships, or conflicts
of interest to disclose.

Methods

The National Health and Nutrition Examination Survey is a
database aimed at assessing the health and nutrition status
of children and adults in the United States.” The database
consists of a nationally representative probability sample of
noninstitutionalized US civilians. This study uses the 2007
to 2008 NHANES database, the most recent and complete
dataset of NHANES. The database and its methods were
reviewed and approved by the National Center for Health
Statistics Ethics Review Board.

Only patients with data reported for sleep duration and
>1 of the CV endpoints being analyzed were included in
this retrospective study. Sleep duration was extracted from
a questionnaire and was classified into 1 of 3 categories:
<6hours, 6 to 8hours, or >8hours. Data regarding the
CV endpoints of congestive heart failure (CHF), myocardial
infarction (MI), stroke, coronary artery disease (CAD), and
angina were extracted from questionnaires with responses
of yes or no. Associations were adjusted for sex, age, body
mass index, total cholesterol level, high-density lipoprotein
cholesterol, smoking status, systolic blood pressure, history
of sleep apnea, and family history of heart attack.

Baseline patient characteristics were analyzed using the
ANOVA test for continuous variables and x? analysis for
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categorical variables to assess for any significant difference
among different groups. Mann—-Whitney U tests were used
for comparisons demonstrating a skewed distribution, and
independent samples ¢ test was used for comparisons
demonstrating a normal distribution. Impact of sleep
duration on the prevalence of CV events was assessed using
logistic regression analysis for adjusting the confounding
variables. Odds ratios (OR) with 95% confidence intervals
(CI) were calculated for all 3 groups. Adjusted ORs were
then calculated using the 6 to 8 hours of sleep group as a
reference. A P value of <0.05 was considered statistically
significant. Statistical analyses were performed using SPSS
version 20.0 IBM Corp., Armonk, NY).

Results

Out of a total of 10 149 subjects surveyed, 6538 subjects
reported sleep duration on the questionnaire. Average sleep
duration of the total population who reported sleep duration
in the survey was 6.85 4 1.49 hours. Of these 6538 subjects,
not all reported CV events. The following numbers of
patients were finally available for each reported event:
3011 for CHF, 3019 for MI, 3015 for stroke, 3012 for
angina, and 3014 for CAD. Significant differences in age
at screening, smoking status, and ethnicity were noted
between those in various sleep-duration classifications
(Table 1). Mean age at screening increased along with
sleep duration, and the percentage of smokers decreased
as sleep duration increased. There was also a statistically
significant difference in the ethnic diversity of the different
sleep classifications. Baseline mean sleep durations were
also compared within each CV event with respect to

the presence or absence of the event (Table 2), and no
statistically significant differences were noted.

Compared with those sleeping for 6 to 8 hours, individuals
reporting <6hours of sleep had significant increases
in prevalence of stroke (OR: 2.0111, 95% CI:. 1.4356-
2.8174, P =0.037), MI (OR: 2.0489, 95% CI: 1.4878-2.8216,
P =0.042), and CHF (OR: 1.6702, 95% CI: 1.1555-2.4142,
P <0.001). Individuals who reported >8hours of sleep

Table 2. Comparison of Baseline Sleep Duration Within Each Studied CV
Event

CV Event Event Present Sleep Duration, Mean (SD) P Value

CHF Y 6.6913 (1.93788) 0.743
N 6.7441 (1.44400)

MI Y 6.5215 (1.89511) 0.098
N 6.7571 (1.44181)

Stroke Y 6.7771 (1.95687) 0.811
N 6.7411 (1.43902)

CAD Y 6.7912 (1.71452) 0.779
N 6.8700 (3.76004)

Angina Y 6.7800 (1.41121) 0.797

N 6.7415 (1.47119)

Abbreviations: CAD, coronary artery disease; CHF, congestive heart
failure; CV, cardiovascular; MI, myocardialinfarction; N, no; SD, standard
deviation; Y, yes.

Table 1. Baseline Patient Characteristics With Respect to Different Sleep-Duration Groups

Sleep Duration <6 Hours Sleep Duration 6 to 8 Hours Sleep Duration >8 Hours P Value

No. of patients 599 2282 138 NA
Age,y 60.6 9.8 61.0£9.6 64.9 +10.1 <0.001?
Male sex 297 (49.6) 1009 (44.2) 69 (49.8) 0.451
Smokers 150 (25) 437 (19.1) 23 (16.7) <0.001% °
BMI, kg/m? 30.1+7.1 29.3+6.4 29.4+5.0 0.202
TC, mg/dL 203.3 + 44.2 201.5 £ 42.1 200.43 £ 46.3 0.506
SBP, mm Hg 131.6 £19.7 130.6 +20.0 133.0 +24.9 0.556
Ethnicity

Mexican American 72 (12.0) 358 (15.7) 26 (18.8) 0.0317

Other Hispanic 87 (14.5) 256 (11.2) 9 (6.5)

Non-Hispanic Black 203 (33.9) 422 (18.5) 23 (16.7)

Non-Hispanic White 214 (35.8) 1162 (50.9) 77 (55.8)

Other or multiracial 23 (3.8) 87 (3.7) 3(2.2)

Abbreviations: BMI, body mass index; MI, myocardial infarction; NA, not applicable; SBP, systolic blood pressure; SD, standard deviation; TC, total

cholesterol.

Data are given as n (%) or mean = standard deviation. This table reports the baseline characteristics of individuals reporting MI because this was the

largest studied group (n = 3019).

Denotes a statistically significant difference. Mann—Whitney U test was used due to skewed distribution.
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Table 3. Odds Ratios and 95% Confidence Intervals for Cardiovascular
Events With Respect to Sleep Duration

Sleep Duration Sleep Duration  Sleep Duration

<6 Hours 6 to 8 Hours >8 Hours

CHF  1.6702 (1.1555-2.4142), 1.000 (Ref)  1.3248 (0.6313-2.7801),

P < o0.001 P=o0.071

Ml 2.0489 1.000 (Ref) 1.3838
(1.4878-2.8216), (0.7089-2.7013),
P=0.042 P=0.451

Stroke 2.0111 (1.4356-2.8174),
P=0.037

1.000 (Ref) 1.7102
(0.8972-3.2600),
P < 0.087

CAD  1.2598 (0.8752-1.8134), 1.000 (Ref) 1.1914 (1.0712-3.4231),
P=0.206 P < o0.001

1.000 (Ref) 2.0717

(1.0497-4.0887),
P =0.008

Angina 1.2181 (0.7766-1.9105),
P <0.642

Abbreviations: CAD, coronary artery disease; CHF, congestive heart
failure; MI, myocardial infarction; Ref, reference.

were found to have statistically significant increases in
prevalence of CAD (OR: 1.1914, 95% CI: 1.0712-3.4231,
P <0.001) and angina (OR: 2.0717, 95% CI: 1.0497-4.0887,
P =0.008) when compared with those reporting to be
sleeping 6 to 8 hours. The ORs and corresponding P values
for each CV event in the 3 groups are depicted in Table
3 and Figure 1. Polynomial trend lines revealed almost
U-shaped curves for CHF, stroke, and CAD. After further
breakdown of sleep duration by a difference of 1 hour each,
the percentages of various CV events showed similar trends
(Figure 2).

Discussion

The results of this cross-sectional study show that there in
fact may be an association between duration of sleep and
the prevalence of MI, CHF, stroke, CAD, and angina, even
after accounting for confounding variables.

Cappuccio et al performed a meta-analysis of 15
prospective studies and determined that short sleep duration
was not significantly associated with a greater risk of
developing CVD or dying from it. However, long duration of
sleep was associated with a greater risk of developing CVD
or dying from it.3 As a limitation, the authors noted that
the studies included in the meta-analysis did not exclude
obstructive sleep apnea. Some other studies not included in
the meta-analysis have noted an association between short
sleep duration and increased risk of CVD.10—17

An international symposium, Sleep as Restitution, was
organized in August 2002. A conclusion of the symposium
was that sleep is a state of altered metabolism, and
disturbances of sleep patterns have far-reaching effects on
endocrinology, immunology, and metabolism.'® Shorter
sleep duration has a variety of effects, including hyper-
activation of the sympathetic nervous system, glucose
intolerance, increased cortisol levels, increased blood pres-
sure, decreased variability in heart rate, disruption of the
hypothalamic axis, and a general increase in inflammatory

markers.19724 Both short and long sleep durations have
been found to be associated with a high serum triglyceride
level or a low high-density lipoprotein cholesterol level in
women.?

The mechanisms causing longer sleep duration to be
associated with a higher prevalence of CVD are also still to
be delineated. Residual confounding and comorbidities have
been implicated as one mechanism. Depressive symptoms,
low socioeconomic status, physical inactivity, and subclinical
diseases have been associated with long duration of sleep
and may confound the associations with CVD.2627 Longer
sleep duration may signify a risk of CV diseases, the risk
being reversible, or may even be a consequence of chronic
comorbidity.326

Qureshi et al have previously used NHANES I follow-
up data to show that individuals reporting >8hours
of sleep were at significantly increased risk of stroke
(relative risk: 1.5, 95% CI: 1.1-2.1).%8 In subjects reporting
<6hours of sleep, risk of stroke did not reach statistical
significance. Both sleep durations of <6 and >8hours
were not associated with any significantly increased risk
for CAD. In another study, the authors noted that subjects
reporting sleep durations of <5hours or >9hours were
significantly more likely to have incident diabetes mellitus
over the follow-up period, after controlling for covariates.??
The U-shaped curves seen in our study with sleep
duration and prevalence of various CV events are in
accordance with previous studies that have demonstrated
U-shaped relationships between sleep duration and risk of
mortality.30—32

This study has several limitations. First is its cross-
sectional nature, which allows only for an analysis of
association and prevalence at a given point, rather than
causality and incidence. As in any cross-sectional study,
caution should be exercised when interpreting the direction
of association. Long duration of follow-ups in large
population sizes will be needed to achieve any significant
outcomes in prospective studies. Second, most of the
study data were gathered via self-reported cross-sectional
questionnaires, which may only be representative of one’s
sleep habits for a limited amount of time, and effects of
sustained sleep patterns could not be assessed in our
study. Although questionnaires may introduce reporting or
recall bias, various studies have reported high correlations
between sleep diaries and sleep studies with that of
subjective estimates of sleep duration.?®*** Furthermore,
assessments of sleep duration in the primary-healthcare
setting can be done readily from self-reported data. Third,
the individuals answering the questionnaires may not
differentiate time asleep from time lying in bed awake, which
has been previously reported to create bias. The NHANES
2007 to 2008 database had a separate self-reported data point
recording howlong it took a person to go to sleep, in minutes.
This may have helped reduce the bias introduced by time
asleep vs time lying awake in bed. Fourth, the reasons for
short or long sleep durations could not be assessed in this
analysis due to the nature of the database.

There are many strengths of this study. Use of the
NHANES database is advantageous, as this patient popu-
lation is representative of the US population and has been
used previously in a number of studies to assess for national

Clin. Cardiol. 36, 11, 671-676 (2013)

S. Aggarwal et al.: Sleep duration and CV events

Published online in Wiley Online Library (wileyonlinelibrary.com)
DOI:10.1002/clc.22160 © 2013 Wiley Periodicals, Inc.



18 TE702
16

1.4 1

1.3248

0.8 A
0.6
0.4 1
0.2 A

14 12598

1.1914

<6 hours 6-8 hours >8 hours

2.5

2.0489

™ 1.3838

0.5 4

15 4

<6 hours 6-8 hours >8 hours

(B)

2.5

2.0111

1.7102

0.5 ~

<6 hours 6 -8 hours >8hours

(©)

<6 hours 6-8 hours >8 hours

2.0717

1.2181

<6 hours 6-8 hours >8 hours

(E)

Figure 1. Odds ratios for each outcome in different sleep-duration groups when compared with 6-8 hours of sleep duration as reference.

disease prevalence and deduce associations.? Rigorous qual-
ity control and standardized protocols employed by the US
Centers for Disease Control and Prevention for collecting
information are highlights of NHANES surveys and add to
the strengths of the study. The availability of data for multi-
ple CV events also makes this study of particular value. To
our knowledge, this is the first study to report association of
sleep duration with prevalence of 5 different CV endpoints.
Multiple confounders were identified in and adjusted for
in our analysis. All the risk factors for CVD routinely used
to compute the Framingham Risk Score were adjusted. As
mentioned above, many studies that have analyzed the asso-
ciations between sleep patterns and CVD have not excluded
individuals with sleep apnea.® Sleep apnea has been
shown to be associated with significant CV morbidity and

mortality.>>36 Sleep apnea also has been shown to be highly
prevalent in subjects with obesity in a previous NHANES
survey study, making the adjustment essential because their
combination may have even more pronounced CV effects.?”
The results of our study have been adjusted for sleep apnea,
thereby implicating closer associations between sleep dura-
tion and prevalence of CV diseases than may have been
reported previously. However, it should be noted that sleep
apnea remains undiagnosed in the majority of the population
and adjustment may not have been complete.

We believe that the additional analyses lend encouraging
support to our findings. The current sleep-stratification
schema utilizing 6 to 8 hours of sleep as a reference value
in this study seems to be the most appropriate for future
analysis. This value was utilized as the reference group
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Figure 2. Frequencies of cardiovascular events (A) coronary artery disease, (B) myocardial infarction, (C) congestive heart failure, (D) angina, and (E) stroke

when divided by individual sleep hours.

because it has been previously reported to be associated
with the least risk of CVD.2? Second, the additional analysis
breaking down sleep duration by each hour demonstrated
that similar trends remained true for all CV events. This
supports the finding that people whose sleep duration is
at the extremes are at the highest risk of CV events,
and the risk decreases as the number reaches a middle
point. Although sleep durations were found to be associated
with the prevalence of CV events in the initial analysis,
the baseline ¢ tests performed initially found no significant

differences in baseline average sleep duration between those
reporting a particular CV event and those without it.

Conclusion

This cross-sectional analysis of NHANES 2007 to 2008
database demonstrated that shorter sleep duration is
associated with greater prevalence of stroke, MI, and
CHF. Longer sleep duration was associated with higher
prevalence of CAD and angina.
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