Hypertension is an independent predisposing factor for heart failure,
coronary artery disease, stroke, renal disease, and peripheral arterial
disease (PAD).
HEART
Heart disease is the most common cause of death in hypertensive
patients. Hypertensive heart disease is the result of structural and
functional adaptations leading to left ventricular hypertrophy, CHF,
abnormalities of blood flow due to atherosclerotic coronary artery
disease and microvascular disease, and cardiac arrhythmias.
Individuals with left ventricular hypertrophy are at increased risk
for CHD, stroke, CHF, and sudden death. Aggressive control of hypertension can regress or reverse left ventricular hypertrophy and reduce
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BRAIN
Stroke is the second most frequent cause of death in the world; it
accounts for 5 million deaths each year, with an additional 15 million persons having nonfatal strokes. Elevated blood pressure is the
strongest risk factor for stroke. Approximately 85% of strokes are due
to infarction, and the remainder are due to either intracerebral or
subarachnoid hemorrhage. The incidence of stroke rises progressively
with increasing blood pressure levels, particularly systolic blood pressure in individuals >65 years. Treatment of hypertension decreases the
incidence of both ischemic and hemorrhagic strokes.
Hypertension also is associated with impaired cognition in an aging
population, and longitudinal studies support an association between
midlife hypertension and late-life cognitive decline. Hypertensionrelated cognitive impairment and dementia may be a consequence of
a single infarct due to occlusion of a “strategic” larger vessel or multiple lacunar infarcts due to occlusive small vessel disease resulting in
subcortical white matter ischemia. Several clinical trials suggest that
antihypertensive therapy has a beneficial effect on cognitive function,
although this remains an active area of investigation.
Cerebral blood flow remains unchanged over a wide range of arterial
pressures (mean arterial pressure of 50–150 mmHg) through a process
termed autoregulation of blood flow. In patients with the clinical syndrome of malignant hypertension, encephalopathy is related to failure
of autoregulation of cerebral blood flow at the upper pressure limit,
resulting in vasodilation and hyperperfusion. Signs and symptoms of
hypertensive encephalopathy may include severe headache, nausea
and vomiting (often of a projectile nature), focal neurologic signs, and
alterations in mental status. Untreated, hypertensive encephalopathy
may progress to stupor, coma, seizures, and death within hours. It
is important to distinguish hypertensive encephalopathy from other
neurologic syndromes that may be associated with hypertension, e.g.,
cerebral ischemia, hemorrhagic or thrombotic stroke, seizure disorder,
mass lesions, pseudotumor cerebri, delirium tremens, meningitis,
acute intermittent porphyria, traumatic or chemical injury to the
brain, and uremic encephalopathy.
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the risk of cardiovascular disease. It is not clear whether different 1615
classes of antihypertensive agents have an added impact on reducing
left ventricular mass, independent of their blood pressure–lowering
effect.
CHF may be related to systolic dysfunction, diastolic dysfunction,
or a combination of the two. Abnormalities of diastolic function that
range from asymptomatic heart disease to overt heart failure are common in hypertensive patients. Approximately one-third of patients
with CHF have normal systolic function but abnormal diastolic function. Diastolic dysfunction is an early consequence of hypertensionrelated heart disease and is exacerbated by left ventricular hypertrophy
and ischemia. Cardiac catheterization provides the most accurate
assessment of diastolic function. Alternatively, diastolic function can
be evaluated by several noninvasive methods, including echocardiography and radionuclide angiography.
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the ascending aorta. Although mean arterial pressure is determined
by cardiac output and peripheral resistance, pulse pressure is related
to the functional properties of large arteries and the amplitude and
timing of the incident and reflected waves. Increased arterial stiffness
results in increased pulse wave velocity of both incident and reflected
waves. Due to the timing of these waves, the consequence is augmentation of aortic systolic pressure and a reduction of aortic diastolic
pressure, i.e., an increase in pulse pressure. The aortic augmentation
index, an index of arterial stiffening, is calculated as the ratio of central
arterial pressure-to-pulse pressure. Central blood pressure may be
measured directly by placing a sensor in the aorta or noninvasively by
radial tonometry using commercially available devices. Central blood
pressure and the aortic augmentation index are strong, independent
predictors of cardiovascular disease and all-cause mortality.
Ion transport by vascular smooth muscle cells may contribute to
hypertension-associated abnormalities of vascular tone and vascular growth, both of which are modulated by intracellular pH (pHi).
Three ion transport mechanisms participate in the regulation of pHi:
(1) Na+-H+ exchange, (2) Na+-dependent HCO3−-Cl− exchange, and
(3) cation-independent HCO3−-Cl− exchange. Based on measurements in cell types that are more accessible than vascular smooth
muscle (e.g., leukocytes, erythrocytes, platelets, skeletal muscle),
activity of the Na+-H+ exchanger is increased in hypertension, and
this may result in increased vascular tone by two mechanisms. First,
increased sodium entry may lead to increased vascular tone by activating Na+-Ca2+ exchange and thereby increasing intracellular calcium.
Second, increased pHi enhances calcium sensitivity of the contractile
apparatus, leading to an increase in contractility for a given intracellular calcium concentration. Additionally, increased Na+-H+ exchange
may stimulate growth of vascular smooth muscle cells by enhancing
sensitivity to mitogens.
Vascular endothelial function also modulates vascular tone. The
vascular endothelium synthesizes and releases several vasoactive
substances, including nitric oxide, a potent vasodilator. Endotheliumdependent vasodilation is impaired in hypertensive patients. This
impairment often is assessed with high-resolution ultrasonography
before and after the hyperemic phase of reperfusion that follows
5 minutes of forearm ischemia. Alternatively, endothelium-dependent
vasodilation may be assessed in response to an intra-arterially infused
endothelium-dependent vasodilator, e.g., acetylcholine. Endothelin
is a vasoconstrictor peptide produced by the endothelium, and orally
active endothelin antagonists may lower blood pressure in patients
with resistant hypertension.
Currently, it is not known if the hypertension-related vascular
abnormalities of ion transport and endothelial function are primary
alterations or secondary consequences of elevated arterial pressure.
Limited evidence suggests that vascular compliance and endotheliumdependent vasodilation may be improved by aerobic exercise, weight
loss, and antihypertensive agents. It remains to be determined whether
these interventions affect arterial structure and stiffness via a blood
pressure–independent mechanism and whether different classes of
antihypertensive agents preferentially affect vascular structure and
function.

KIDNEY
The kidney is both a target and a cause of hypertension. Primary
renal disease is the most common etiology of secondary hypertension.
Mechanisms of kidney-related hypertension include a diminished
capacity to excrete sodium, excessive renin secretion in relation to volume status, and sympathetic nervous system overactivity. Conversely,
hypertension is a risk factor for renal injury and ESRD. The increased
risk associated with high blood pressure is graded, continuous, and
present throughout the distribution of blood pressure above optimal
pressure. Renal risk appears to be more closely related to systolic than
to diastolic blood pressure, and black men are at greater risk than white
men for developing ESRD at every level of blood pressure.
Atherosclerotic, hypertension-related vascular lesions in the kidney
primarily affect preglomerular arterioles, resulting in ischemic changes
in the glomeruli and postglomerular structures. Glomerular injury also
may be a consequence of direct damage to the glomerular capillaries
due to glomerular hyperperfusion. Studies of hypertension-related
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