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Obstructive sleep apnea is a common disorder that is often
unrecognized and underappreciated. Emerging evidence
suggests that there is a causal link between obstructive sleep
apnea and hypertension. This relationship appears to be
independent of other comorbidities that have been previously
linked to hypertension, such as obesity. The majority of
studies support the contention that alleviation of sleep dis-
ordered breathing has a clinically significant beneficial impact
on decreasing both nighttime and daytime blood pressure.
A pathophysiologic basis for patients with sleep apnea having
an increased risk for hypertension is not fully elucidated.
However, there is consistent evidence that autonomic
mechanisms are implicated. Sympathetic activation along
with humoral responses to repetitive episodes of hypoxemia
and apnea over the longer term may cause vasoconstriction,
endothelial dysfunction, and possibly hypertension. Patients
with sleep apnea are often obese and may be predisposed
to weight gain. Hence, obesity may further contribute to
hypertension in this patient population.

Introduction

Sleep apnea is common but often unrecognized and
underappreciated, even in obese patients with hyperten-
sion. Several studies show that sleep disordered breathing
is common in both men (25%) and women (10%) of vary-
ing ethnic groups [1,2]. In middle-aged Americans, the
prevalence of symptomatic sleep apnea has been reported
to be 4% for men and 2% for women [3,4]. The 5-year inci-
dence of sleep disordered breathing in an American urban
adult population may be up to 16% for mild to moderate
sleep apnea and 7.5% for moderately severe sleep dis-
ordered breathing [5].

Obstructive sleep apnea (OSA) is characterized by
repetitive pharyngeal collapse during sleep, which
decreases or stops airflow, with subsequent arousal from
sleep to resume breathing. The severity is evaluated by
polysomnography, and severity is graded by the number of
episodes of apnea and hypopnea the patient experiences

during sleep (apnea and hypopnea index [AHI], events/
hour). Obstructive apnea is defined as cessation of airflow
for at least 10 seconds with respiratory effort: hypopnea is
defined as greater than a 50% reduction in airflow or less
than a 50% reduction in airflow with oxygen desaturation
of at least 4% or with electroencephalographic evidence of
arousal. One of the hallmarks of OSA is witnessed apneas,
gasping, or both. Other recognized signs, symptoms, and
considerations of sleep apnea include obesity, snoring,
hypertension, daytime sleepiness, and family history.
Resistant hypertension may also be common. In one study,
87% of hypertensive patients refractory to maximal medi-
cal therapy, had undiagnosed OSA [6].

Obstructive sleep apnea may exacerbate the cardiac and
vascular risks of hypertension. Patients with sleep apnea, in
the absence of hypertension, have elevated biomarkers of
cardiovascular risk. C-reactive protein levels may be mildly
elevated in men in proportion to the severity of their sleep
apnea compared with similarly obese patients without
sleep disordered breathing [7]. Emerging evidence suggests
that obese and nonobese patients with sleep disordered
breathing may have insulin resistance [8,9]. Currently,
biomarkers are not used to screen for or evaluate severity of
sleep apnea.

This review examines the evidence for an association
between OSA and hypertension, the impact of treating
sleep disordered breathing on blood pressure, and the
pathophysiologic mechanisms of hypertension in patients
with sleep apnea.

Obstructive Sleep Apnea and Hypertension

There is compelling evidence for an association between
sleep apnea and hypertension. Up to 60% of patients with
sleep apnea may have hypertension [10]. Hypertension in
patients with sleep apnea is often resistant to antihyperten-
sive therapy [6]. Simulated sleep apnea in an animal
model results in sustained increases in blood pressure [11].
The most convincing data to support an association
between OSA and hypertension come from two large epi-
demiologic studies that suggest sleep disordered breathing
is a likely risk factor for new onset hypertension, and
perhaps consequent morbidity and mortality. The Wiscon-
sin Sleep Cohort Study showed a linear relationship
between severity of sleep apnea and incidence of new
hypertension that was not explained by other factors, such
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as baseline blood pressure, body habitus, age, gender, and
cigarette and alcohol consumption [12ee]. A similar rela-
tionship between sleep apnea and hypertension was
observed in the Sleep Heart Health Study [13ee]. In this
study, the odds ratio (OR) in the group with the most
severe sleep apnea (AHI = 30) was 1.37 (95% confidence
interval [CI], 1.03-1.83; P for trend = 0.005) compared
with those with lowest AHI (< 1.5) after adjusting for con-
founding factors, including obesity. These data add to the
mounting evidence for a causal relationship between
hypertension and sleep disordered breathing. Further, the
recent seventh report of the Joint National Committee on
Prevention, Evaluation, and Treatment of High Blood Pres-
sure now recognizes sleep apnea as an identifiable cause of
secondary hypertension [14].

Effects of Treatment of Sleep Disordered
Breathing on Blood Pressure

Therapies to alleviate sleep disordered breathing include
nasal continuous positive airway pressure (CPAP), dental
devices, weight loss in obese individuals, surgery, and posi-
tional therapy for those individuals that have sleep apnea
mainly when sleeping on their backs. Of these, CPAP ther-
apy has become the standard treatment for OSA [15].
Treatment of sleep disordered breathing often confers
improvements in subjective symptoms, especially daytime
somnolence. Most studies, but not all, show that CPAP
therapy modestly improves nocturnal and diurnal blood
pressure in patients with sleep apnea. The discordance
between studies, in part, may reflect one or more of the
following: small sample size, lack of a control arm, compli-
ance with CPAP therapy, varying lengths of therapy, meth-
ods used to evaluate blood pressure, and inclusion of
hypertensive and normotensive patients.

In a recent study, effective longer-term CPAP therapy
(approximately 9 weeks) in 32 normotensive and hyper-
tensive OSA patients substantially decreased daytime and
nighttime mean systolic and diastolic blood pressures by
approximately 10 mm Hg compared with subtherapeutic
CPAP therapy (Fig. 1) [16ee]. Although subtherapeutic
CPAP decreased AHI by 50%, blood pressure did not
significantly change. Interestingly, with the exception of
AHI and Epworth sleepiness scale scores, only mean oxy-
gen saturation was significantly higher (P = 0.04) at the
end of the study in those randomized to therapeutic CPAP.
This study demonstrates that effective CPAP in moderate to
severe OSA improves blood pressure, and highlights the
importance of administration of and adhering to optimal
CPAP therapy, particularly to eliminate hypoxemia. In a
similarly designed study, 4 weeks of therapeutic CPAP
modestly reduced mean arterial ambulatory blood
pressure by 2.5 mm Hg compared with subtherapeutic
CPAP, which increased blood pressure by 0.8 mm Hg
(P =0.0013) [17]. These studies are in agreement with
earlier trials that show a reduction in blood pressure with 1

MAP Diastolic

Systolic

Figure 1. Changes in blood pressure with effective (darkly shaded bars)
and subtherapeutic (lightly shaded bars) continuous positive

airway pressure. *P = 0.01; tP = 0.04; ¥P < 0.005. Diastolic—
diastolic blood pressure; MAP—mean arterial blood pressure;
Systolic—systolic blood pressure. (Adapted from Becker et al. [169¢].)

week to 6 months of CPAP therapy [18-21]. In patients
with resistant hypertension, CPAP therapy has been shown
to significantly reduce systolic blood pressure on the first
night of treatment and reduce both daytime and nighttime
blood pressure after 2 months of chronic therapy [22].
Conversely, in two randomized controlled trials, 1 week of
CPAP in OSA patients only lowered nighttime blood pres-
sure [23]; in the other, CPAP decreased blood pressure
only in those study patients who were nondippers [24].

It is not known if treating sleep apnea negates the
potential risk of developing hypertension or completely
normalizes blood pressure in hypertensive OSA patients.
This may depend, in part, on the duration that sleep apnea
remains untreated and the efficacy of treatments to allevi-
ate sleep disordered breathing. As cardiovascular morbid-
ity and mortality associated with hypertension take years
to manifest, the impact of treating OSA may not be fully
apparent until longer-term trials are completed. Regardless,
patients with undiagnosed sleep apnea and those patients
who fail treatment strategies, are noncompliant, or cannot
tolerate therapy to alleviate sleep disordered breathing,
may remain at risk for hypertension, which is often refrac-
tory to conventional antihypertensive therapy.

Mechanisms of Hypertension in Sleep Apnea

While the mechanisms underlying the link between
obstructive sleep apnea and hypertension are not com-
pletely established, there is evidence to support several
possibilities. First, increased sympathetic activity in
response to hypoxemia and hypercapnia with consequent
chemoreflex activation may increase peripheral vascular
tone. The sympathetic activation persists even into
daytime normoxia. Second, hypoxemia may elicit
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Figure 2. Recordings of sympathetic nerve
activity (SNA), respiration (RESP), and
Awake CPAP-REM intra-arterial blood pressure (BP) in the
same subject when awake (top left), with
obstructive sleep apnea (OSA) during
SNA o e e M rapid eye movement (REM) sleep (bottom),
and with elimination of OSA by continuous
RESP P positive airways pressure (CPAP) therapy
T T during REM sleep (top right). (Adapted from
150 150 Somers et al. [25].)
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increased production of various circulating vasoconstric-
tors that increase blood pressure. Third, patients with sleep
apnea may be predisposed to vasculopathy, which may be
due to long-term sympathetic activation, humoral factors
such as endothelin-1 (ET-1), and endothelial dysfunction.
Fourth, patients with sleep apnea may be predisposed to
weight gain. The presence of obesity and sleep apnea likely
indicates an increased risk for hypertension.

Sympathetic activation

Sympathetic activity is increased during sleep and during
the day when sleep apneic patients are awake and breath-
ing normally with normal oxygen saturation and carbon
dioxide levels. Marked increases in sympathetic drive dur-
ing sleep apnea are explained by repetitive episodes of
apnea and hypoxia (Fig. 2) [25]. Surges in blood pressure
as high as 250/110 mm Hg may be observed as resumption
of breathing increases cardiac output to a severely con-
stricted peripheral vasculature. Baroreflex and chemoreflex
dysfunction in patients with sleep apnea may, in part, con-
tribute to sustained sympathetic activation and increased
blood pressure during the daytime [26-29]. Plasma and
urine catecholamines are elevated during the night and day
in patients with OSA. Other humoral factors such as leptin
may also be implicated in sympathetic activation.

Obesity does not appear to explain increased sympa-
thetic activity in patients with sleep apnea. Muscle sympa-
thetic nerve activity recordings in 24 healthy normal
weight subjects and 30 healthy obese subjects, nine of
whom had unrecognized OSA, showed that muscle sympa-

thetic nerve activity was significantly elevated in patients
with untreated OSA (61 + 8 bursts per 100 heartbeats)
compared with similarly obese subjects (42 + 3 bursts per
100 heartbeats) and lean subjects (41 + 3 bursts per 100
heartbeats), all of whom were free of sleep disordered
breathing (P = 0.02) [30]. Alleviation of sleep disordered
breathing decreases muscle sympathetic activity at 6
months, and remains lower for at least up to a year with
CPAP therapy [31]. Taken together, these results indicate
that high sympathetic drive may contribute to increases in
blood pressure during the night and day; long-term CPAP
therapy attenuates the sympathetic activation observed in
patients with sleep apnea.

Endothelin-1

The endothelin system has been implicated in the chronic
pressor effects of sleep apnea [32]. Endothelin-1 (ET-1) is a
potent and long-acting vasoconstrictor with mitogenic
properties. Hypoxia is a powerful stimulus for ET-1 pro-
duction. In animal models, intermittent hypoxia increased
ET-1 and blood pressure [33]. Treatment with an ET-1
blocker in this study decreased blood pressure in a dose-
dependent manner. In untreated sleep apneics, 4 to 5
hours of untreated sleep apnea with a mean oxygen satura-
tion low of 73% + 9% was accompanied by a significant
increase in both blood pressure and ET-1 (Fig. 3) [34].
Treatment with CPAP to alleviate sleep disordered breath-
ing over the subsequent 4 hours normalized oxygen satura-
tion (91% + 3%) and was accompanied by a reduction in
both blood pressure and ET-1. In control subjects without
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Figure 3. A, Comparison of mean arterial
pressure (MAP) and endothelin-1 (ET-1)
in 22 patients with severe obstructive sleep
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patients with sleep apnea [36,37]. In otherwise healthy male
patients with moderate to severe OSA (AHI 52 + 22 events/
h), endothelium-dependent vasodilation in response to
intra-arterial acetylcholine was markedly impaired compared
with closely matched control subjects without sleep disor-
dered breathing [38]. Moderate vasculopathy in seemingly
healthy patients with OSA may thus be involved in the
pathogenesis of hypertension in patients with OSA.

Obesity and leptin

Obesity is a well established and major risk factor for hyper-
tension. Up to 30% of obese individuals may have unrecog-
nized and undiagnosed OSA. Male and female patients with
OSA are predisposed to weight gain in the year prior to the
diagnosis being made [39]. In obese male OSA patients, recent
weight gain (approximately 5 kg) and plasma leptin levels are
significantly more (approximately 50%) compared with
similarly obese controls who were free of sleep disordered
breathing (Fig. 4) [40e]. Leptin correlates with measures of

Figure 4. Difference in plasma leptin levels (/ightly shaded bars) and
change in body weight (darkly shaded bars) over the year before the
study in 32 male patients with sleep apnea and 32 matched controls
who were without sleep disordered breathing. Data are mean + SEM.
OSA—obstructive sleep apnea. (Adapted from Phillips et al. [40°].)

adiposity, low-density lipoprotein cholesterol, and blood
pressure in OSA, and is decreased after 6 months of CPAP
therapy [41]. Thus, OSA may be accompanied by resistance to
the metabolic effects of leptin, greater than the resistance
evident in obesity alone. Leptin may also play a role in the
pathogenesis of obesity-related hypertension. Administration
of leptin to animals results in increases in blood pressure [42]
and in renal sympathetic nerve traffic [43]. Leptin has been
implicated in the development of sustained hypertension and
may be a risk factor for cardiovascular disease [44,45]. Thus,
there appears to be an important interaction between sleep
disordered breathing and both the metabolic and cardio-
vascular effects of heightened leptin levels.
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Conclusions

Recent epidemiologic data suggest that sleep apnea is an
independent risk factor for hypertension. Alleviation of
sleep disordered breathing improves symptoms of sleep
apnea. The majority of studies support the concept that
effective CPAP therapy can also have an early and sustained
beneficial effect on daytime and nighttime blood pressure.
Sympathetic, humoral, and vascular responses to sleep
apnea may increase blood pressure, and over the longer
term may cause functional and structural cardiovascular
changes predisposing to hypertension. Treatment of sleep
disordered breathing has been shown to attenuate many of
these potential pressor mechanisms. Obesity likely
contributes to cardiovascular risk associated with sleep
apnea and to hypertension in particular. Efforts to carefully
screen for and treat patients with sleep apnea would likely
impact on the risk of and treatment for hypertension, and
on consequent cardiovascular morbidity and mortality.
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