Diuretics Low-dose thiazide diuretics may be used alone or in combination with other antihypertensive drugs. Thiazides inhibit the
Na+/Cl− pump in the distal convoluted tubule and hence increase
sodium excretion. In the long term, they also may act as vasodilators.
Thiazides are safe, efficacious, inexpensive, and reduce clinical events.
They provide additive blood pressure–lowering effects when combined with beta blockers, angiotensin-converting enzyme inhibitors (ACEIs), or angiotensin receptor blockers (ARBs). In contrast,
addition of a diuretic to a calcium channel blocker is less effective.
Usual doses of hydrochlorothiazide range from 6.25–50 mg/d.
Owing to an increased incidence of metabolic side effects (hypokalemia, insulin resistance, increased cholesterol), higher doses
generally are not recommended. Chlorthalidone is a diuretic structurally similar to hydrochlorothiazide, and like hydrochlorothiazide,
it blocks sodium-chloride cotransport in the early distal tubule.
However, chlorthalidone has a longer half-life (40–60 h vs. 9–15 h)
and an antihypertensive potency ~1.5–2.0 times that of hydrochlorothiazide. Potassium loss is also greater with chlorthalidone. Two
potassium-sparing diuretics, amiloride and triamterene, act by inhibiting epithelial sodium channels in the distal nephron. These agents
are weak antihypertensive agents but may be used in combination
with a thiazide to protect against hypokalemia. The main pharmacologic target for loop diuretics is the Na+-K+-2Cl− cotransporter in
the thick ascending limb of the loop of Henle. Loop diuretics generally are reserved for hypertensive patients with reduced glomerular
filtration rates (reflected in serum creatinine >220 μmol/L [>2.5 mg/
dL]), CHF, or sodium retention and edema for some other reason,
such as treatment with a potent vasodilator, e.g., minoxidil.
Blockers of the Renin–Angiotensin System ACEIs decrease the production of angiotensin II, increase bradykinin levels, and reduce sympathetic nervous system activity. ARBs provide selective blockade of AT1
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Drug therapy is recommended for individuals with blood pressures
≥140/90 mmHg. The degree of benefit derived from antihypertensive agents is related to the magnitude of the blood pressure
reduction. Lowering systolic blood pressure by 10–12 mmHg and
diastolic blood pressure by 5–6 mmHg confers relative risk reductions of 35–40% for stroke and 12–16% for CHD within 5 years of
the initiation of treatment. Risk of heart failure is reduced by >50%.
Hypertension control is the single most effective intervention for
slowing the rate of progression of hypertension-related kidney
disease.
There is considerable variation in individual responses to different
classes of antihypertensive agents, and the magnitude of response
to any single agent may be limited by activation of counter-regulatory mechanisms. Most available agents reduce systolic blood
pressure by 7–13 mmHg and diastolic blood pressure by 4–8 mmHg
when corrected for placebo effect. More often than not, combinations of agents, with complementary antihypertensive mechanisms,
are required to achieve goal blood pressure reductions. Selection
of antihypertensive agents and combinations of agents should be
individualized, taking into account age, severity of hypertension,
other cardiovascular disease risk factors, comorbid conditions, and
practical considerations related to cost, side effects, and frequency
of dosing (Table 298-8).
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may augment their hypotensive effect. Both classes of agents are
effective antihypertensive agents that may be used as monotherapy
or in combination with diuretics, calcium antagonists, and alpha
blocking agents. ACEIs and ARBs improve insulin action and ameliorate the adverse effects of diuretics on glucose metabolism. Although
the overall impact on the incidence of diabetes is modest, compared
with amlodipine (a calcium antagonist), valsartan (an ARB) has been
shown to reduce the risk of developing diabetes in high-risk hypertensive patients. ACEI/ARB combinations are less effective in lowering blood pressure than is the case when either class of these agents
is used in combination with other classes of agents. In patients with
vascular disease or a high risk of diabetes, combination ACEI/ARB
therapy has been associated with more adverse events (e.g., cardiovascular death, myocardial infarction, stroke, and hospitalization for
heart failure) without increases in benefit.
Side effects of ACEIs and ARBs include functional renal insufficiency due to efferent renal arteriolar dilation in a kidney with a
stenotic lesion of the renal artery. Additional predisposing conditions to renal insufficiency induced by these agents include dehydration, CHF, and use of nonsteroidal anti-inflammatory drugs. Dry
cough occurs in ~15% of patients, and angioedema occurs in <1%
of patients taking ACEIs. Angioedema occurs most commonly in
individuals of Asian origin and more commonly in African Americans
than in whites. Hyperkalemia due to hypoaldosteronism is an occasional side effect of both ACEIs and ARBs.
An alternative approach to blocking the renin-angiotensin system
has recently been introduced into clinical practice for the treatment
of hypertension: direct renin inhibitors. Blockade of the renin-angiotensin system is more complete with renin inhibitors than with ACEIs
or ARBs. Aliskiren is the first of a class of oral, nonpeptide competitive inhibitors of the enzymatic activity of renin. Monotherapy with
aliskiren seems to be as effective as an ACEI or ARB for lowering
blood pressure, but not more effective. Further blood reductions may
be achieved when aliskiren is used in combination with a thiazide
diuretic or a calcium antagonist. Currently, aliskiren is not considered
a first-line antihypertensive agent.
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reduction of blood pressure. In patients with advanced renal disease,
dietary protein restriction may have a modest effect in mitigating
renal damage by reducing the intrarenal transmission of systemic
arterial pressure.
The DASH (Dietary Approaches to Stop Hypertension) trial convincingly demonstrated that over an 8-week period a diet high in
fruits, vegetables, and low-fat dairy products lowers blood pressure
in individuals with high-normal blood pressures or mild hypertension. Reduction of daily NaCl intake to <6 g (100 meq) augmented
the effect of this diet on blood pressure. Fruits and vegetables are
enriched sources of potassium, magnesium, and fiber, and dairy
products are an important source of calcium.

Aldosterone Antagonists Spironolactone is a nonselective aldosterone antagonist that may be used alone or in combination with a
thiazide diuretic. It may be a particularly effective agent in patients
with low-renin primary hypertension, resistant hypertension, and
primary aldosteronism. In patients with CHF, low-dose spironolactone reduces mortality and hospitalizations for heart failure when
given in addition to conventional therapy with ACEIs, digoxin,
and loop diuretics. Because spironolactone binds to progesterone
and androgen receptors, side effects may include gynecomastia,
impotence, and menstrual abnormalities. These side effects are
circumvented by a newer agent, eplerenone, which is a selective
aldosterone antagonist.
Beta Blockers β-Adrenergic receptor blockers lower blood pressure
by decreasing cardiac output, due to a reduction of heart rate and
contractility. Other proposed mechanisms by which beta blockers
lower blood pressure include a central nervous system effect and
inhibition of renin release. Beta blockers are particularly effective
in hypertensive patients with tachycardia, and their hypotensive
potency is enhanced by coadministration with a diuretic. In lower
doses, some beta blockers selectively inhibit cardiac β1 receptors
and have less influence on β2 receptors on bronchial and vascular
smooth muscle cells; however, there seems to be no difference in
the antihypertensive potencies of cardioselective and nonselective
beta blockers. Some beta blockers have intrinsic sympathomimetic
activity, although it is uncertain whether this constitutes an overall
advantage or disadvantage in cardiac therapy. Beta blockers without intrinsic sympathomimetic activity decrease the rate of sudden death, overall mortality, and recurrent myocardial infarction.
In patients with CHF, beta blockers have been shown to reduce
the risks of hospitalization and mortality. Overall, beta blockers
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