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Although short and long sleep duration are both risk factors of cardiovascular dis-

closely associated with CVD mortality. While the specific mechanism underlying the
association between long sleep duration and CVD remains unclear, long sleep dura-
tion was shown to be associated with arterial stiffness and blood pressure variability
(BPV) in many Asian populations. This review article will focus on the pathophysiol-
ogy of long sleep duration, arterial stiffness, BPV and their effects on CVD. To set
the stage for this review, we first summarize the current insights for the relationship

between long sleep duration and CVD in relation to arterial stiffness and BPV.
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1 | INTRODUCTION

While sleep duration has been shown to be associated with mor-
tality,? it was demonstrated that short and long sleep duration are
both risk factors of cardiovascular disease (CVD).%* Specifically,
recent meta-analyses have reported that long sleep duration was
associated with cardiovascular mortality.>* However, the specific
mechanisms underlying the association between the sleep com-
ponents and CVD remain unclear. Arterial stiffness® and blood
pressure variability (BPV)® were suggested to be mediators linking
long sleep duration and CVD. From these standpoints, this review
article will focus on the physiology of long sleep duration, arterial
stiffness, BPV and their effects on CVD. To set the stage for this
review, we first summarize the current insights for the relationship
between long sleep duration and CVD in relation to arterial stiff-
ness and BPV.

2 | EFFECTS OF SLEEP DURATION ON
HYPERTENSION, CORONARY ARTERY
DISEASE, AND MORTALITY

2.1 | Sleep duration and hypertension

Over the past decade, average sleep duration in the United States
has been steadily declining,” while the prevalence of hypertension
(HT) has been increasing.8 In the First National Health and Nutrition
Examination Survey (NHAN ES), the analyses over 8 to 10 yrs on 4810
subjects aged 25 to 74 yrs were performed to determine the relation-
ship between sleep duration and incidence of HT. Sleep duration less
than 5 hr per night was significantly associated with an increased risk
of HT in the subjects aged 32 to 59 yrs. A significant association be-
tween short sleep duration and an increased risk of HT was suggested

to be observed specifically in the middle-aged subjects.9

2.2 | Sleep duration and acute coronary syndrome
In the Alameda County Study1 and the Finnish study,10 the men who
slept less than 6 hr as well as those who slept above 9 hours were
shown to have a greater risk of coronary heart disease (CHD) com-
pared with those who slept for 7-8 hr

In the Nurses’ Health Study,** a relationship between self-re-
ported sleep duration and the incidence of CHD was investigated in
71 617 women aged 45 to 65 yrs. During 10 years of the follow-up
period, coronary events were documented in 934 women. Age-
adjusted relative risks (RRs) of CHD for individuals reporting 5 or
fewer, 6, and 7 hr of sleep were 1.82, 1.30, and 1.06, respectively,
while the age-adjusted RR for 9 or more hours of sleep was 1.57
compared with 8 hr of daily sleep.**

Short or long sleep duration was a significantly increased risk for
CHD. The U-shaped relationship was suggested between sleep du-
ration and CHD incidence.

2.3 | Sleep duration and mortality

In the Alameda County Study,1 the mortality risk associated with dif-
ferent sleeping patterns was investigated based on data from a 9-year
mortality follow-up of 6928 adults. The mortality rates of ischemic
heart disease, cancer, stroke, and all causes combined were lowest for
individuals sleeping 7 or 8 hr per night. While men sleeping 6 hr or less,
or 9 hror more, had 1.7 times of total age-adjusted mortality compared
with men sleeping 7 or 8 hr per night, the comparable RR in women
was 1.6. In the American Cancer Society,? men sleeping less than 4 hr
had 2.8 times of the mortality during 6 years of follow-up period com-
pared with men sleeping 7.0 to 7.9 hr while the ratio for women was
1.48. Men and women sleeping 10 hr or more had about 1.8 times the
mortality compared with those sleeping 7.0 to 7.9 hr The relationship

between sleep duration and mortality was U shaped.

2.4 | Sleep duration and cardiovascular disease
in the meta-analysis

In the recent meta-analyses including 474 684 from 15 studies,’
3 340 684 participants from 74 studies,* 816 995 individuals from
19 studies,'? and 5 134 036 participants from 137 prospective co-
hort studies,*® longer duration of sleep was closely associated with
adverse cardiovascular outcomes (Table 1). While short sleep dura-
tion was associated with a significantly increased risk of developing®
or dying of CHD,**? there was no significant difference in all-cause
mortality for periods of self-reported sleep duration of 7 hr or less.*

In the meta-analysis including 1 598 628 individuals from 29
cohorts with a median follow-up duration of 10.5 yrs,** difficulties
falling asleep and non-restorative sleep were associated with an in-
creased risk of all-cause mortality and CVD mortality. Convincing
associations between difficulty falling asleep and all-cause mortality
were restricted to the mid to older-aged population. Insomnia disor-
der, difficulty maintaining sleep, and early morning awakening were
not associated with all-cause and CVD mortality.**

Although there were several differences among the reports of
meta-analysis in the inclusion criteria and in the duration for the lit-
erature searching periods, in the recent meta-analyses, longer du-
ration of sleep was closely associated with adverse cardiovascular
outcomes compared with shorter sleep durations.

2.5 | Sleep duration based on actigraphy and the
risk of cardiovascular disease

Evidence suggests that short and long sleep durations are potential
lifestyle factors associated with CVD. Research on sleep duration
and CVD risk is limited by the use of self-reported sleep measures.
Recently, in the Objective Physical Activity and Cardiovascular
Health Study,15 cross-sectional analysis included 3367 older
women (mean age 78.9 years; 53.3% White) who wore ActiGraph
GT3X + accelerometers on the hip for 24 hours/7 days. A 10-year
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predicted probability of future CVD risk was computed using age,
systolic blood pressure (BP), high-sensitivity C-reactive protein (hs-
CRP), total and high-density lipoprotein cholesterol, diabetes mel-
litus status, smoking status, and family history of CVD based on the
Reynolds Risk Score (RRS). A U-shaped relationship between sleep
duration and RRS with both short and long sleep associated with
higher RRS. The association remained significant after adjustments
for the confounders including race/ethnicity, education, lifestyle

factors, and health status indicators.'®

3 | HOW LONG SHOULD WE SLEEP?—
POSSIBLE PATHOPHYSIOLOGY
UNDERLYING THE RELATIONSHIP
BETWEEN SLEEP DURATION AND
CARDIOVASCULAR DISEASE

Recent studies suggest that short sleep is a significant risk factor
of developing HT and CHD compared with 7-8 hr of sleep that was
suggested to be the lowest risk of CVD. In the evening of the day
after sleep deprivation, sympathetic nervous system activity and BP
are elevated. These increases may be associated with an increased
risk of CHD.X® On the other hand, there has been still little evidence
regarding the pathophysiology underlying the relationship between
long sleep duration and CVD. Arterial stiffness and BPV are, there-
fore, gaining attention as the candidate mediators for the relation-

ship between long sleep duration and cvD.Y

3.1 | Longsleep duration and arterial stiffness

In the Japan Morning Surge-Home Blood Pressure (J-HOP) Study,
among 4310 patients with 21 cardiovascular risks, the brachial-ankle
PWYV (baPWYV) and hs-CRP levels were measured in 2304 of these
patients (mean age 64.7 yrs, 49.6% males) (Table 2).° In accord with
the patients' sleep duration (<6 hr, 26 to < 8 hr, and = 8 hr per night),
significant associations between sleep duration and the PWV were
observed (1594 vs. 1644 vs. 1763 cm/s). In the multiple regres-
sion analysis adjusted for confounding factors, long sleep duration
(28 hours) and log hs-CRP were significantly positively associated
with PWV when sleep duration of 6-8 hr was defined as a reference.
A significant interaction of long sleep duration by age for baPWV
was observed. The effect of long sleep on PWV was greatest in the
oldest age group.’ In addition, specifically for the Asian popula-

tion, 1822

there was increasing evidence for the relationship between
long sleep duration and higher PWV.

In the Multi-Ethnic Study of Atherosclerosis Sleep,? sleep dura-
tion was assessed by 7-day wrist actigraphy, and aortic PWV (aPWV)
between ascending and descending aorta was measured based on
magnetic resonance imaging. Aortic stiffness of participants with
mid-range of sleep duration (6-8 hours) was compared with those of
short (<6 hr) and long sleep duration (>8 hr). In the 908 participants

(mean age 68.4 + 9.1 yrs, 55.3% female), there was a significant linear

trend of increased aPWYV across short, mid-range, and long sleep
durations. Multivariable analysis showed that people with long sleep
duration had significantly higher aPWV, compared with those with
short sleep duration. Habitual long sleep duration as estimated by
actigraphy was associated with higher aortic stiffness.?®

Although self-reporting long sleep duration was a significant
indicator of increased PWV,>182224 the significant relationship
between long sleep duration and increased aortic stiffness was ob-
served even if sleep duration was assessed by actigraphy.23 And,
not only in the Asian populations5'18'22 but also in the populations
from the Western countries,?®?* there were significant associa-
tions between long sleep duration and higher PWV. However, the
association between long sleep duration and aortic stiffness might
be a chicken-egg relationship because subjects with increased ar-
terial stiffness might be less energetic and cause long duration of

sleep.

3.2 | Longsleep duration and blood pressure
variability

Although high average BP over a period of time is widely considered,
an important risk factor for CVD,?° day-by-day?® and visit-to-visit
systolic BPV? has also been shown to be a strong predictor of CVD
independently of average BP level. Several studies have reported
the relationship between long sleep duration and higher BPV.

In the Finn-home study including 1908 participants aged
41-74 years,?® home BP measurements were performed for 7 con-
secutive days. The variability in home-measured BP was defined as
the standard deviation of morningday-by-day BP. Based on self-re-
ported sleep duration questionnaires, morning day-by-day variabil-
ity of home BP was significantly higher in long sleepers.?®

In the 3SCO study, the 201 elderly individuals (79.9 + 6.4 yrs)
with one or more cardiovascular risks were included. Based on 12
visits during one year, visit-to-visit BPV (expressed as a coefficient
of variation [CV]) and delta (defined as the difference between
maximum and minimum value) BP were measured.?’ Long sleep
duration (29 hr) had a significant positive association with delta
in systolic BP. A significant interaction in a term of long sleep du-
ration by carotid artery stiffness parameter p (an index of blood
pressure-independent blood vessel elasticity) was found for delta
in systolic BP.®

One major determinant of BPV is the sensitivity of baroreceptor
function.® Vascular structural changes may reduce baroreceptor
sensitivity (BRS) in hypertension. Reduced large arterial compliance
appears to contribute to the depressed BRS in hypertensive indi-
viduals.3! Stiffening itself might enhance BP fluctuations associated
with minor changes in cardiac stroke volume. Thus, BPV and arterial
stiffness would affect each other. Because a significant interaction
in a term of long sleep duration by carotid arterial stiffness was
found for increased visit-to-visit BPV, it was suggested that arterial
stiffness could augment the relationship between long sleep dura-
tion and higher visit-to-visit BPV.
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3.3 | Whatis the pathophysiology underlying the
relationship between long sleep duration and
cardiovascular disease?

Arterial remodeling could moderate the impact of long sleep dura-
tion on risks of CVD. While PWV was shown to be closely linked
to cerebral small vessel disease,®? long sleep duration was a sig-
nificant determinant of increased PWYV leading to stroke incidence
in the elderly at high risk of CVD.® In addition, long sleep duration

3334 that was

was shown to be associated with sleep fragmentation
suggested to increase sympathetic nervous system activity.®® Thus,
these factors caused by long sleep duration might lead to a stiffen-
ing effect on arterial mechanical properties in relation to cerebro-
cardiovascular disease.

On the other hand, the significant associations of long sleep du-
ration with age and lower physical health status were found in both
the Whitehallll Study and the Western New York Health Study.®¢
Additionally, the relationship between long sleep duration and
morbidity was suggested to be caused by lack of physical activity
as an outcome or an effect of infirmity and disease.®® In the study
reported by Niijima et al, 5 the long sleepers were older than those
with the mid-range of sleep duration, and thus, they might have a
poor level of physical activity. However, the significant relationships
between long sleep duration and increased arterial stiffness were
independently of age and physical activity.18-2224

Several mechanisms would explain the relationship between
inflammation and arterial stiffness. There has been evidence of in-
creased secretion of proinflammatory cytokines such as interleukin
(IL)-1, IL-6, and tumor necrosis factor-alpha (TNF-«).3” The CRP ac-
tivation by these factors could inhibit endothelium-dependent va-
sodilation and the nitric oxide synthesis. Inflammation could also
adversely impact the collagen-to-elastin ratio of the vessel that was
suggested to lead to arterial sti1’fening.38’39 In light of these findings,
itis apparent that long sleep duration and hs-CRP might underlie the
pathophysiology of increased arterial stiffness.

Although it would be suggested that short sleep duration was
associated with elevated BP and arterial remodeling which may con-
tribute to increased arterial stiffness,'® shorter sleep duration was
associated with lower arterial stiffness. Among those studies which
reported the sleep duration and PWYV, the shortest sleep duration
was defined as 5 hour or less. Because the subjects with extreme
short sleep duration such as less than 4 hr were less included in
those studies, this bias might be related to the lower aortic stiffness
in people with shorter sleep duration.’

In addition, sleep duration was determined based on the self-re-
port questionnaire in the most of the studies, while several stud-
ies were based on the actigraphy.’>?® Short sleep duration was
defined as less than 5 hours, 22?2 5 hours or less, 1820 |ess than
6 hours,”®1%2%28 ¢ hours or less,! or less than 7 hours, 2* while long
sleep duration was defined as more than 8 hours, 1923 8 hours or
more, 521 5r 9 hours or more,1611,18,20.22,24,28 Although the methods
for measurement of sleep duration and the definitions of short or
long sleep duration were different through the studies, short sleep

duration was defined as <5-6 hours per night and long sleep dura-
tion was defined as >8-9 hours per night in most studies.® Thus, the
relationships between sleep duration and CVD would be consistent

across different study populations.

4 | CONCLUSION

Short and long sleep durations have been shown to be associated
with CVD or mortality. The recent literature confirms that short
sleep is associated with HT and CHD. Increased sympathetic nerv-
ous system activity is considered to serve as a common patho-
physiology in short sleep duration with these diseases. On the
other hand, long sleep duration was associated with diabetes mel-
litus, obesity, CVD, and mortality. Long sleep duration was asso-
ciated with increased arterial stiffness and increased BPV which
serve as key risks of CVD. While the relationships of long sleep
duration with higher arterial stiffness and increased BPV were
reported extensively in the Asian populations that relationship
would be observed in the populations in the Western population
also. In addition to sleep duration, sleep quality is another impor-
tant issue in relation to CVD, long sleep duration was shown to be
associated with higher risk of CVD mortality in the elderly with
poor sleep quality.*® Thus, long sleep duration with concomitant
poor sleep quality might be an important target for the preven-
tion of CVD. Further prospective studies are needed to reveal the
pathophysiology of long sleep duration with CVD in the viewpoint
of inflammation, arterial stiffness, BPV, and sleep quality.
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