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Cardiovascular disease is the number one killer of Americans, yet
15% to 20% of patients with coronary artery disease have no tra-
ditional risk factors, and over half have only a single risk factor.'
Even hypertension, the most common cardiovascular risk factor,’
has no identifiable cause in 95% of those affected.> Growing evi-
dence suggests a relationship between short sleep duration and
hypertension.** The elderly overwhelmingly bear the burden of
hypertension and cardiovascular disease. Aging involves altera-
tions in both sleep and cardiovascular physiology, some of which
may be interrelated, raising the question of whether changes in
sleep may promote cardiovascular disease, and hypertension in
particular. The identification of factors that promote hypertension
in the elderly has both mechanistic and public health implications,
and it is conceivable that short sleep duration may be a common,
and preventable, cardiovascular risk factor in this population.

In this issue of SLEEP, Robillard and colleagues’ present a
study that sought to determine the effect of a night of sleep de-
privation on blood pressure and blood pressure response to an
orthostatic challenge in a group of young (20-28 years old) and
elderly (60-69 years old) subjects. Subjects underwent a cross-
over trial of habitual sleep and total sleep deprivation lasting
24.5 hours. Blood pressure was measured in the semi-recum-
bent position and after standing upright. In the habitual sleep
condition, systolic blood pressure dropped slightly as expected
upon transitioning from semi-recumbent to standing, but this
effect was attenuated in both young and elderly subjects after a
night of sleep deprivation, and in half of subjects was replaced
with a hypertensive response. In the semi-recumbent position,
young subjects showed no significant change in blood pressure,
while the elderly group showed a striking increase in blood
pressure (11.7 mm Hg systolic and 5.9 mm Hg diastolic), and
25% of the previously normotensive elderly subjects were left
with frank systolic hypertension (> 140 mm Hg). Population-
based studies have shown sustained systolic blood pressures of
this magnitude to be associated with a significant increase in
risk of cardiovascular events and stroke.®* Whether the results of
this short-term experiment can be extrapolated to longer-term
cardiovascular risk remains to be seen, but the possibility and
its ramifications raises a number of important questions about
this study and future research in this domain.
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Models of Sleep Deprivation

Observational studies that report a relationship with car-
diovascular disease suffer from many potential limitations:
Is self-reported sleep duration accurate, and does “short” in-
dicate true sleep curtailment, underlying medical illness, a
primary sleep disorder, or just a normal variant—so-called
“short sleepers”? However, experimental studies aren’t auto-
matically more informative. Perhaps the biggest challenge in
experimental sleep deprivation research is understanding how
to mimic the real-world experience of short sleep duration in
a laboratory setting that allows for a rigorous assessment of
outcomes. Much of our current understanding of sleep depri-
vation come from very short-term models of total sleep depri-
vation (including the current report by Robillard et al. in this
issue). Whether 24-48 hours of total sleep deprivation mimics
the real-life experience of sleep loss, or the effects of more
chronic, low-grade sleep deprivation, is unclear. Furthermore,
it is debatable if studies should control for, or include the
effects from circadian misalignment that frequently occurs
when sleep is restricted.

Studies of Young and Old

For a variety of practical reasons, it tends to be easiest to
conduct sleep deprivation studies in the young. While inclu-
sion of only young subjects can be scientifically advantageous
because it may help avoid the potential confounders of aging,
medication exposure, underlying sleep disorders, and preexist-
ing occult cardiovascular disorders, this approach ignores what
may be important age-related changes in cardiovascular and
sleep physiology. As pointed out by Robillard et al., the hyper-
tensive response to sleep deprivation may be more pronounced,
or even exclusive to the elderly. On the other hand, observa-
tional studies have not consistently seen an association between
sleep duration and hypertension in the elderly.** When the aver-
age age of those with prevalent hypertension in the US is nearly
60 years,' and cardiovascular events related to hypertension
disproportionately affect the elderly, it would seem appropriate
to focus more study on this group.

Cardiovascular Measurements

A major strength of the study by Robillard et al. is that the
main outcome reported, blood pressure, is clearly linked to
cardiovascular outcomes. While a number of potential mecha-
nisms have been proposed to explain the link between sleep
deprivation and elevated blood pressure, including endothelial
dysfunction, sympathetic activation, baroreflex changes, and
inflammation,' none have been clearly shown to dominate, and
no mechanistic finding has suggested a specific intervention.
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Time Course of Effects

The basic “kinetics” of the cardiovascular effects of sleep
curtailment are unknown. For example, how soon are the car-
diovascular effects of total sleep deprivation seen, how much
sleep loss in a partial deprivation model is required to produce
cardiovascular effects, and how long do they persist? Further-
more, what is the role of sleep deprivation in dysregulation of
nighttime blood pressure and the normal blood pressure dip
during the sleeping hours, which may be a more powerful pre-
dictor of cardiovascular outcomes than daytime blood pres-
sure?'? A better understanding of the time course of effects will
help put research like that of Robillard et al.” into perspective: If
the negative cardiovascular effects begin early or with minimal
sleep loss, and only resolve after many days of adequate sleep,
the public health impact could be far-reaching.

CONCLUSIONS

Studies of sleep deprivation relative to cardiovascular health
are in their infancy, but a growing body of evidence suggests
that sleep loss has cardiovascular effects. Whether these effects
translate into clinically important outcomes, and whether inter-
ventions can be designed to prevent these outcomes, remain to
be seen. Applying short-term results of studies like Robillard
et al.” to real-world models, bolstered by further mechanistic
studies, will serve to advance our understanding of the interplay
between sleep and cardiovascular disease.

ACKNOWLEDGMENTS

Dr. Calvin is supported by the Mayo Clinic Clinician-Inves-
tigator Training Program. Dr. Caples is supported by research
grants from the NIH (HL 099534) and the Mayo Foundation.

SLEEP, Vol. 34, No. 3, 2011

252

DISCLOSURE STATEMENT
The authors have indicated no financial conflicts of interest.

REFERENCES

l.

2.

10.

11.

12.

Khot UN, Khot MB, Bajzer CT, et al. Prevalence of conventional risk
factors in patients with coronary heart disease. JAMA 2003;290:898-904.
Wolz M, Cutler J, Roccella EJ, Rohde F, Thom T, Burt V. Statement from
the National High Blood Pressure Education Program: prevalence of hy-
pertension. Am J Hypertens 2000;13:103-4.

. Carretero OA, Oparil S. Essential hypertension: Part I: definition and eti-

ology. Circulation 2000;101:329-35.

. Gangwisch JE, Heymsfield SB, Boden-Albala B, et al. Short sleep dura-

tion as a risk factor for hypertension: analyses of the First National Health
and Nutrition Examination Survey. Hypertension 2006;47:833-9.

. Gottlieb DJ, Redline S, Nieto FJ, et al. Association of usual sleep duration

with hypertension: the Sleep Heart Health Study. Sleep 2006;29:1009-14.

. Goldstein IB, Ancoli-Israel S, Shapiro D. Relationship between daytime

sleepiness and blood pressure in healthy older adults. Am J Hypertens
2004;17:787-92.

. Robillard et al. Sleep deprivation increases blood pressure in healthy nor-

motensive elderly and attenuates the blood pressure response to ortho-
static challenge. Sleep 2011;34:335-9.

. MacMahon S, Peto R, Cutler J, et al. Blood pressure, stroke, and coronary

heart disease. Part 1, Prolonged differences in blood pressure: prospective
observational studies corrected for the regression dilution bias. Lancet
1990;335:765-74.

. Cappuccio FP, Stranges S, Kandala N-B, et al. Gender-specific associa-

tions of short sleep duration with prevalent and incident hypertension:
The Whitehall II Study. Hypertension 2007;50:693-700.

Egan BM, Zhao Y, Axon RN. US trends in prevalence, awareness, treat-
ment, and control of hypertension, 1988-2008. JAMA 2010;303:2043-50.
Mullington JM, Haack M, Toth M, Serrador JM, Meier-Ewert HK. Car-
diovascular, inflammatory, and metabolic consequences of sleep depriva-
tion. Prog Cardiovasc Dis 2009;51:294-302.

Dolan E, Stanton A, Thijs L, et al. Superiority of ambulatory over clinic
blood pressure measurement in predicting mortality: The Dublin Out-
come Study. Hypertension 2005;46:156-61.

Commentary—Calvin and Caples



