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Not sleeping well can damage your heart
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Obstructive sleep apnea (OSA) is charac-
terized by recurrent obstruction of the

pharyngeal airway during sleep, and results in
episodes of intermittent hypoxia. Regardless
of the presence of daytime symptoms, OSA is
an independent risk factor for cardiovascular
disease and increased mortality.1 A number of
studies have shown that development of OSA
correlates with increasing weight. The preva-
lence of OSA among obese patients has been
reported, and substantial improvement was
achieved by weight reduction.2 Regarding the
pathophysiology of OSA, an anatomically
small pharyngeal airway is a prerequisite
factor leading to OSA. This smaller airway
size always worsens with increasing body fat
and obesity.3 When luminal size is narrower,
it makes the airway vulnerable to collapse. An
individual with OSA is able to compensate
for this modified anatomy by increasing the
activity of the upper airway muscles during
the time that he or she is awake. However,
with the onset of sleep, this compensation is
lost and airway obstruction occurs. Even
short periods of apnea can induce a rise in
PaCO2, a fall in PaO2, and increased ventila-
tory effort against an occluded airway. There-
fore, patients with OSA experience repetitive
episodes of hypoxia during transient cessation
of breathing that promote inflammation and
oxidative stress. In addition to direct fat
deposits within the airway walls, the upper
airway size may be smaller in obese patients
because of a reduced lung volume.3

A growing body of epidemiological evi-
dence supports an association between OSA
and the risk for obesity, insulin resistance and
diabetes.4 OSA results in decreased insulin
sensitivity at peripheral receptor sites, which

can eventually lead to exhaustion of pancrea-
tic b-cell islets after longer periods of OSA.5

By contrast, treatment of OSA with conti-
nuous positive airway pressure has been shown
to improve insulin sensitivity after 3 months.6

A previous study comparing lean and obese
leptin-deficient mice subjected to intermit-
tent hypoxia showed that obese mice, but not
lean mice, exposed to intermittent hypoxia
developed a time-dependent increase in fast-
ing serum insulin levels and a worsening of
glucose tolerance, indicating insulin resis-
tance.7 Nonetheless, the molecular mechani-
sms linking OSA to insulin resistance remain
unclear. Although OSA has been shown to be
an independent risk factor for hypertension
in population-based cohort studies, the effi-
cacy of continuous positive airway pressure
therapy on blood pressure provides some-
what conflicting results.
As mentioned above, OSA and obesity are

often comorbid factors that influence meta-
bolic disorders. Therefore, it is sometimes
difficult to precisely dissect the effect of
OSA from that of obesity. As the majority
of obese subjects experienced unrecognized
OSA, the pathological importance of OSA
may be underestimated. A recent study sug-
gested that the expression level of nuclear
factor-kB and nitrotyrosine was higher in
healthy overweight and obese subjects than
in their normal-weight counterparts.8 How-
ever, the presence of unrecognized OSA may
influence inflammatory reactions in these
subjects. Thus, it may be useful to exclude
comorbid OSA to directly link inflammation
and obesity. A recent study showed that
central obesity without OSA was not cor-
related with endothelial dysfunction, inflam-
mation and increased oxidative stress.9,10

There is a strong correlation between the
extent of endothelial dysfunction and the
severity of OSA. This is supported by evi-
dence that OSA itself, but not obesity, induces

vascular endothelial dysfunction and inflam-
mation and also elevates oxidative stress (see
Figure 1).
People suffering from OSA have been

shown to develop more severe cardiovascular
disorders, such as hypertension and left ven-
tricular hypertrophy.2 Although co-founding
variables made it difficult to directly link OSA
and left ventricular hypertrophy, a close rela-
tionship between these two pathological con-
ditions could dramatically and negatively
impact patients’ prognoses; therefore, mole-
cular mechanisms that could establish a cau-
sal relationship between OSA and left
ventricular hypertrophy should be more
extensively studied. In this issue of Hyper-
tension Research, Inamoto et al.10 examined
the effects of statin therapy on intermittent
hypoxia-induced left ventricular remodeling
in mice, a known model for OSA. They
reported that intermittent hypoxia-induced
hypertrophy of the cardiomyocytes led to
perivascular fibrosis and histological degen-
eration without affecting systemic blood pres-
sure or plasma cholesterol. They found that
this treatment led to an upregulation of
tumor necrosis factor-a and transforming
growth factor -b and to an increase in TdT-
mediated dNTP nick end labeling-positive
myocardial cells after hypoxia. Interestingly,
administration of pitavastatin significantly
normalized hypertrophic change as well as
other histological changes in mice exposed to
intermittent hypoxia. They also documented
a reduction in tumor necrosis factor-a, trans-
forming growth factor-b and a number of
TdT-mediated dNTP nick end labeling-posi-
tive pitavastatin-treated myocardial cells. As
the authors discussed, active inflammation
induced by intermittent hypoxia may have a
role in the development of left ventricular
remodeling. Numerous studies, including
ours,11,12 point to an anti-inflammatory role
of statins in addition to their lipid-lowering
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effects. Therefore, the anti-inflammatory
potential of statins may be beneficial in
treating left ventricular hypertrophy. In this
context, pharmacological agents such as
angiotensin II receptor type 1 blockers may
also function to reduce OSA-associated
pathological conditions.13

It is important to examine how the differ-
ent temporal patterns of oxidative stress
(intermittent vs. constant) affect downstream
inflammatory pathways. In addition to the
dramatic lipid-lowering effect of pitavastatin,
this drug also improves various pathological
conditions comorbid to OSA. Therefore, it
may be difficult to conclude that the observed
beneficial effects of statin therapy resulted from
its effect on OSA. More work is required on
this topic in the field, as additional information

would significantly increase the scientific value
of this observation.
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Figure 1 Potential mechanisms of how OSA and obesity lead to left ventricular remodeling. Statin may

stabilize inflammation and cardiomyocyte remodeling via a lipid-independent pathway.
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