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nists—dizziness, headache, upper-respira-
tory-tract infection, cough, and gastrointes-
tinal disturbances—occur at about the
same rate as with placebo.  All available AT-
II-receptor antagonists seem to be equally
effective in reducing both systolic and dias-
tolic blood pressure, and they are compara-
ble in cost. Currently, AT-II-receptor antago-
nists are used either as monotherapy in pa-
tients who cannot tolerate ACE inhibitors or
in combination with other antihypertensive
agents.

Angiotensin II-receptor antagonists are
well tolerated and are as effective as ACE
inhibitors in decreasing blood pressure.

Index terms: Angiotensin-converting-en-
zyme inhibitors; Candesartan cilexetil; Epro-
sartan mesylate; Hypertension; Irbesartan;
Losartan potassium; Mechanism of action;
Telmisartan; Toxicity; Valsartan
Am J Health-Syst Pharm. 2000; 57:1231-41

Abstract: Angiotensin II (AT-II)-receptor an-
tagonists are reviewed.

Research focused on blocking the re-
nin–angiotensin system (RAS) led to the
discovery of angiotensin-converting-
enzyme (ACE) inhibitors, which are effec-
tive in the treatment of hypertension but
are associated with a high frequency of
cough and other adverse effects. AT-II-
receptor antagonists were developed as
agents that would more completely block
the RAS and thus decrease the adverse ef-
fects seen with ACE inhibitors. AT-II-recep-
tor antagonists include losartan, valsartan,
irbesartan, candesartan, eprosartan, tel-
misartan, and tasosartan. Several clinical
trials have demonstrated that AT-II-recep-
tor antagonists are as effective as calcium-
channel blockers, β-blockers, and ACE in-
hibitors in the treatment of hypertension
and induce fewer adverse effects. The
adverse effects of AT-II-receptor antago-

High blood pressure affects over
50 million Americans, but
14.8% of this population is un-

treated and 26.2% is inadequately
treated; in another 31.6%, the condi-
tion remains undiagnosed. Hyper-
tension is adequately controlled in
only one patient out of four.1 Life-
style modifications and drug therapy
can prevent most of the morbidity
and mortality associated with this
disease. When used properly, drug
therapy can control the progression
of end-organ damage.2 The sixth re-
port of the Joint National Committee
on Prevention, Detection, Evalua-
tion, and Treatment of High Blood
Pressure (JNC-VI) recommended di-
uretics and β-blockers for the initial
treatment of hypertension.3 These
agents are considered first line
because of their proven ability to
reduce cardiovascular-associated
morbidity and mortality. JNC-VI
also acknowledged that angiotensin-
converting-enzyme (ACE) inhibi-
tors, calcium-channel blockers, α

1
-

receptor blockers, α/β-blockers, and
angiotensin-receptor antagonists are
as efficacious as β-blockers and di-
uretics in reducing blood pressure.

This article provides an overview
of the angiotensin II (AT-II)-recep-
tor antagonists.

The renin–angiotensin receptor
system

The renin–angiotensin–aldoster-
one cascade is activated when renin,
secreted by the juxtaglomerular cells
of the kidneys, catalyzes the conver-
sion of angiotensinogen to angio-
tensin I (AT-I) in the liver. AT-I is
locally transformed into active AT-II
via ACE. AT-II, a peptide hormone,

is responsible for numerous effects: al-
dosterone production and release, af-
ferent and efferent vasoconstriction,
proximal tubular reabsorption of sodi-
um, increased inotropism and chro-
notropism, stimulation of drinking be-
havior and sodium appetite, vagus
suppression, and β-adrenergic-recep-
tor stimulation. Two subtypes of AT-II
receptors have been identified. Type 1
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receptors are predominantly found
on vascular endothelium and are
linked to all the known physiological
and pharmacologic actions of AT-II.
Stimulation of type 1 receptors by
AT-II induces vasoconstriction, renal
tubular sodium reabsorption, aldos-
terone release, vascular smooth mus-
cle remodeling, and stimulation of
central and peripheral sympathetic
activity, thus leading to increases in
blood volume and blood pressure.4

Antagonism of type 1 receptors low-
ers blood pressure by inhibiting these
actions. Type 2 receptors are pre-
dominantly found in the adrenal me-
dulla, uterus, and fetal tissue and may
play a role in fetal growth and differ-
entiation, although the exact func-
tion of these receptors has not been
identified.2

Inhibitors of the renin–
angiotensin system

Research that focused on blocking
the renin–angiotensin system (RAS)
led to the discovery of ACE inhibi-
tors, which proved efficacious in the
treatment of hypertension, various
cardiovascular disorders (e.g., con-
gestive heart failure and coronary in-
sufficiency), and renal diseases.5

However, the high frequency of
cough with ACE inhibitors (up to
20% of patients)6,7 meant that anoth-
er class of equally efficacious agents
with a potentially more favorable ad-
verse-effect profile was needed.

In addition to inhibiting the
conversion of AT-I to AT-II, ACE in-
hibitors block the degradation of
bradykinin via kininase II, which has

enzymatic properties similar to those
of ACE. Inhibition of bradykinin
degradation is thought to be respon-
sible for the cough commonly associ-
ated with ACE inhibitors.8

Conversion of AT-I to AT-II is not
the only pathway for AT-II genera-
tion. AT-II is also formed via path-
ways involving cathepsin G, elastase,
tissue plasminogen activator, chymo-
statin-sensitive AT-II-generating
enzyme, and chymase; thus, ACE in-
hibition only partially reduces the
formation of AT-II.9 Agents that can
specifically and selectively inhibit the
action of AT-II could completely
block the RAS. In addition, relative to
other classes of antihypertensives,
such agents might decrease the fre-
quency of common adverse effects,
such as dizziness, headache, fatigue,
diarrhea, cough, and edema.10

Currently, two classes of drugs
have the mechanistic potential to
completely block the RAS: renin in-
hibitors and AT-II-receptor antago-
nists. Competitive antagonism of
renin would prevent the formation
of AT-II by inhibiting AT-I forma-
tion; however, the development of
such agents has progressed slowly
because of continuing problems with
bioavailability.11 Saralasin, the first
AT-II-receptor antagonist, was syn-
thesized in 1971. An intravenous for-
mulation of this AT-II peptide ana-
logue was shown to lower blood
pressure in direct proportion to the
plasma level of renin. However,
saralasin was not a feasible treatment
for hypertension because it had poor
bioavailability and a short duration

of action and because it potentiated
vasoconstriction and induced hyper-
tensive effects in low-renin condi-
tions.12

Losartan potassium
Losartan potassium (Cozaar,

Merck) was the first orally bioavail-
able, long-acting, nonpeptide AT-II
type 1-receptor antagonist to be used
in humans.10,13 It has been extensively
studied in both animals and human
volunteers.13 Its effectiveness as an
antihypertensive agent has been es-
tablished.13,14

Peak plasma concentrations of
losartan are achieved within one hour
of oral administration. Losartan has a
half-life of 1.5–2.5 hours (Table 1).15,16

It is rapidly absorbed from the gas-
trointestinal tract, independent of food
intake. Losartan undergoes first-pass
hepatic metabolism via cytochrome P-
450 (CYP) isoenzymes 2C9 and 3A4 to
its active carboxylic acid metabolite,
EXP-3174, which reaches peak plasma
concentration in two to four hours and
has a half-life of six to nine hours.15,16

Despite the biotransformation of
losartan by CYP isoenzymes, no phar-
macokinetic or pharmacodynamic in-
teractions with warfarin or digoxin
have been reported. The consequences
of using losartan with potent CYP2C9
inhibitors have not been examined. In
vitro studies have shown that oxida-
tion of losartan to EXP-3174 is mark-
edly inhibited by ketoconazole, a po-
tent inhibitor of CYP3A4; however,
the clinical consequences, if any, of this
interaction have yet to be deter-
mined.17

Table 1.
Comparison of Angiotensin II-Receptor Antagonists

aEstimated cost, based on average wholesale price (Drug Topics Red Book, 1999), to the pharmacist for a one-month supply at the usual starting dosage.

38

36
36
36

37
39

  2 (losartan)
  6–9 (EXP-3174)
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11–15
  3–4
  3–11
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     8–32
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Several clinical trials have demon-
strated the relative tolerability of
losartan.8,14,18-20 The most frequent
adverse reaction, as observed in a
clinical trial of 2900 patients assess-
ing the safety and tolerability of lo-
sartan,20 was dizziness, reported by
4.1% of patients taking losartan ver-
sus 1.3% of placebo recipients. Other
adverse events (headache, upper-res-
piratory-tract infections, diarrhea,
fatigue, and cough) occurred with
similar frequencies in the losartan
and placebo groups and thus were
not considered drug related.

Unlike other AT-II-receptor block-
ers, losartan has a uricosuric effect after
single or multiple doses in salt-deplet-
ed or salt-loaded normotensive pa-
tients,21 sodium-repleted patients with
essential hypertension,22 and hyper-
tensive patients with intrinsic renal
disease.23 The hypouricemic and uri-
cosuric properties have been linked
to the parent compound but not to
its metabolite.24 It is postulated that a
decrease in serum uric acid levels
could potentially be advantageous,
but uricosuria may enhance the de-
velopment of uric acid nephropa-
thy.21 However, uric acid nephropa-
thy has not been reported thus far.

Once-daily administration of lo-
sartan is possible because the drug’s
effects are extended by the EXP-3174
metabolite, which is 40 times more
potent than losartan13 and has been
found to produce consistent reduc-
tions in blood pressure over a 24-
hour period.18 The usual starting dos-
age of losartan potassium is 50 mg
once daily. The dosage can be in-
creased to a maximum of 100 mg dai-
ly. Doses exceeding 100 mg have not
been found to produce any addition-
al decrease in systolic or diastolic
blood pressure.18 In patients who
have hepatic impairment or who may
be volume depleted, such as those
taking large doses of a diuretic, the
starting dosage should be reduced to
25 mg once daily to minimize the oc-
currence of symptomatic hypotension.

Losartan potassium is marketed as

a single-ingredient product and in
combination with hydrochlorothia-
zide (Hyzaar, Merck; losartan potas-
sium 50 mg plus hydrochlorothiazide
12.2 mg and losartan potassium 100
mg plus hydrochlorothiazide 25 mg).
Use of the combination product may
be appropriate if losartan monother-
apy has failed to control blood pres-
sure. The maximum antihypertensive
effect is usually apparent within three
weeks. The combination product is
not recommended for patients with
hepatic impairment because losartan
is usually initiated in this group of
patients at a dosage of 25 mg once
daily. The combination product
should also be avoided in patients
with renal impairment (creatinine
clearance [CL

cr
], <30 mL/min).

Valsartan
Valsartan (Diovan, Novartis) was

the second nonpeptide AT-II type 1-
receptor antagonist available for the
treatment of hypertension. Valsartan
is rapidly absorbed from the gas-
trointestinal tract after oral adminis-
tration and can be administered
without regard to food intake.25 The
peak effect of valsartan is evident in
two to four hours; the bioavailability
is 25%. Valsartan has a half-life of six
to nine hours and demonstrates anti-
hypertensive effects for approximate-
ly 24 hours. Less than 10% of an oral-
ly administered dose of valsartan
undergoes biotransformation in the
liver; the enzymes responsible for its
metabolism are unknown, and no ac-
tive metabolites have been identi-
fied.26 Elimination occurs primarily
in the bile (86%) and to a lesser ex-
tent via the kidneys (13%), largely as
unchanged drug.27,28

Dosages ranging from 80 to 320
mg once daily are effective for con-
trolling blood pressure and are rec-
ommended in patients who are not
volume depleted. Greater reductions
in blood pressure are apparent with
incremental increases in the dosage
up to 320 mg/day; hence, it is recom-
mended that valsartan be started at

80 mg/day and the dosage adjusted
upward until the desired response is
reached.6 No reduction in the starting
dosage is required in patients with
mild to moderate hepatic or renal in-
sufficiency or in the elderly. The ef-
fectiveness of valsartan 80–320 mg/
day in reducing blood pressure was
established by a randomized, double-
blind, placebo-controlled trial.6 In a
comparative double-blind trial, val-
sartan 80 mg/day was as effective as
enalapril maleate 20 mg/day and am-
lodipine 5 mg/day (as the besylate) in
lowering the blood pressure of pa-
tients with mild to moderate hyper-
tension.29,30 In addition, valsartan 80
and 160 mg/day was as effective as
enalapril 20 mg/day and lisinopril 10
or 20 mg/day in lowering blood pres-
sure in patients with mild to moder-
ate essential hypertension.31,81 As is
the case with other AT-II-receptor
antagonists, hydrochlorothiazide acts
additively to lower blood pressure in
patients who do not achieve adequate
blood pressure reduction with valsar-
tan alone.32,33

The safety of valsartan has been
assessed in various clinical trials.34,35

Valsartan was well tolerated at dosag-
es of 80–160 mg/day. At higher dos-
ages (320 mg/day), dizziness became
more prevalent (9.3% of patients,
versus 3.4% for 80–160 mg/day).
Headache, upper-respiratory-tract
infection, diarrhea, and fatigue oc-
curred most commonly (>1%), but
at rates comparable to those in place-
bo recipients.34 In one study, dry
cough was considerably less common
with valsartan (21.4%) than with the
ACE inhibitors lisinopril (71.1%).36

In another study comparing valsar-
tan with an ACE inhibitor (enalapril)
and with placebo, <2% of study pa-
tients reported cough.29

No clinically important pharma-
cokinetic interactions were reported
when valsartan was given with digox-
in, warfarin, glyburide, cimetidine, or
hydrochlorothiazide. The most im-
portant laboratory finding was an in-
crease in serum potassium of >20%
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in 4.4% of patients taking valsartan
versus 2.9% of patients taking place-
bo; however, no valsartan-treated pa-
tients who developed hyperkalemia
discontinued the drug.a

Irbesartan
Irbesartan (Avapro, Bristol-Myers

Squibb) is a long-acting nonpeptide
AT-II type 1-receptor antagonist
with a plasma half-life of 11–15
hours. Irbesartan has no active me-
tabolites and is 90% protein bound.
The drug is absorbed rapidly after
oral administration and has a bio-
availability of 60–80%, the highest in
its class.37 Food intake has no effect
on absorption. After oral administra-
tion, peak plasma concentrations are
achieved in two hours. Irbesartan un-
dergoes hepatic metabolism via glu-
curonide conjugation and oxidation;
no active metabolites have been iden-
tified. After administration of a single
150-mg dose of irbesartan, 20% of
the dose is excreted renally and about
30% is excreted in the bile.b In vitro
studies indicate that oxidation of
irbesartan occurs primarily via
CYP2C9. Warfarin and digoxin ap-
pear to have a negligible effect on
CYP2C9 metabolism of irbesartan.
When potential drug interactions
were explored in patients taking war-
farin, hydrochlorothiazide, or digox-
in concurrently with irbesartan, no
changes in the pharmacokinetics of
digoxin or the pharmacodynamic ef-
fects of warfarin (prothrombin time)
were noted.38

Antihypertensive effects are seen
within two weeks of initiating thera-
py, with maximum effects occurring
at between two and six weeks.39-41 Ef-
fects on blood pressure are dose de-
pendent over the range of 75–300
mg.42,43 However, data from various
double-blind, placebo-controlled tri-
als show that daily doses of 150–300
mg, administered once daily or in di-
vided doses, will effectively reduce
blood pressure by 3.1–6.1 mm Hg.42

The addition of hydrochlorothiazide
6.25–25 mg/day to irbesartan 75–300

mg/day further decreases blood pres-
sure40,44,45 to the same extent as treat-
ment with enalapril 20–40 mg.46

In clinical studies of irbesartan there
was no relationship between the dos-
age and the overall frequency of ad-
verse reactions. The rates of serious ad-
verse events were similar for irbesartan
(1.0%) and placebo (1.9%).47 The
most common adverse reactions were
headache (12% rate for irbesartan,
17% for placebo) and upper-respirato-
ry-tract infection (9.0% for irbesartan,
5.1% for placebo).

The recommended starting dosage
of irbesartan is 150 mg once daily; the
dosage may be increased to 300 mg
once daily with or without food for
patients who require further blood
pressure reduction. The starting dos-
age does not need to be reduced in
the elderly or in patients with hepatic
impairment or mild to severe renal
impairment. Hydrochlorothiazide
has an additive blood pressure-lower-
ing effect, and the combination of irbe-
sartan and hydrochlorothiazide may
be useful when blood pressure is not
controlled by irbesartan alone.40,44,45

Irbesartan may also be administered
with other antihypertensive agents.
When irbesartan therapy is discontin-
ued, the dosage does not need to be
tapered, regardless of the daily dose
administered, because abrupt with-
drawal of the drug is not associated
with an increase in blood pressure.40

Likewise, loss of blood pressure regu-
lation should not occur if a dose is
missed.

Irbesartan is available as a single-
ingredient product and in combina-
tion with hydrochlorothiazide (Ava-
lide, Bristol-Myers Squibb; irbesartan
150 mg plus hydrochlorothiazide 12.5
mg and irbesartan 300 mg plus hydro-
chlorothiazide 12.5 mg). Use of this
combination product should be re-
served for patients who have not
achieved the desired blood pressure-
lowering effect with irbesartan
monotherapy. It is recommended
that this product be started at one
tablet once daily. The maximum ef-

fect on blood pressure should be at-
tained two to four weeks after thera-
py begins. No dosage adjustment is
necessary in patients with
hepatic impairment; however, the
combination product is not recom-
mended in patients with renal im-
pairment (CL

cr
, <30 mL/min).

Candesartan cilexetil
Candesartan cilexetil (Atacand,

Astra Merck), another long-acting
nonpeptide antagonist of AT-II type
1 receptors, is a prodrug that is hy-
drolyzed to its active metabolite can-
desartan during gastrointestinal
absorption.48 The half-life of cande-
sartan is about nine hours, and it is
98% protein bound. About 60% of a
dose is eliminated through the urine
and 40% through the bile. Cande-
sartan cilexetil and candesartan are
not metabolized by CYP isoenzymes.

Candesartan cilexetil lowers blood
pressure in a dose-dependent man-
ner (at doses of up to 32 mg).49-51 The
16- and 32-mg daily doses seem to be
more effective than lower doses (4
and 8 mg/day) in lowering blood
pressure; mean reductions in blood
pressure were 10.7 and 12.6 mm Hg
for candesartan cilexetil 16 and 32
mg, respectively, and 9.9 and 10.5
mm Hg for 4- and 8-mg doses.49 After
administration of 4–32 mg, peak plas-
ma candesartan levels are achieved
within three to four hours. Dosages of
4–16 mg/day have no effect on plasma
aldosterone concentrations; however,
a decrease in the plasma aldosterone
concentration is seen when 32 mg/day
is administered.

There have been no reports of
clinically important interactions be-
tween candesartan and other agents
commonly used by patients with hy-
pertension (hydrochlorothiazide,
warfarin, digoxin, nifedipine, gly-
buride, or the major components of
oral contraceptives, levonorgestrel
and ethinyl estradiol).52 Interactions
with drugs that inhibit or are metab-
olized by CYP isoenzymes would not
be expected.
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A randomized, double-blind, pla-
cebo-controlled, parallel-group
study in patients with mild hyperten-
sion and type 2 diabetes mellitus
showed that, after 12 weeks of thera-
py with candesartan cilexetil 8–16 mg
once daily, systolic and diastolic
blood pressure decreased by a mean
of 7.1 and 6.3 mm Hg, respectively,
and that greater than 69% of the pa-
tients had their blood pressure con-
trolled.53 Candesartan cilexetil had
no effect on the lipid profiles or glu-
cose homeostasis of diabetic patients.
Mean hemoglobin A

1c
 levels were

7.1% at baseline and at 12 weeks in
patients receiving candesartan cilex-
etil and 7.2% at baseline and 7.1% at
12 weeks in patients receiving place-
bo. Lipid profiles showed no signifi-
cant changes between baseline and
week 12, nor were there any differ-
ences between the candesartan and
placebo groups.

Candesartan cilexetil is well toler-
ated, with no relationship seen be-
tween dosage or time of administra-
tion and occurrence of adverse
events.49,54-56 Headache (7%), upper-
respiratory-tract infection (7%), pain
(8%), and dizziness (4%) were
among the most commonly reported
adverse events, and these events gen-
erally resolved without discontinua-
tion of therapy. Rates of adverse
events were similar to those for place-
bo.49,55

The dosage of candesartan cilexetil
must be individualized. When ad-
ministered as monotherapy to pa-
tients who are not volume depleted,
the usual staring dosage is 16 mg
once daily with or without food. Dos-
ages greater than 32 mg once daily
have not been extensively studied
and do not seem to be more effective
than 32 mg/day for reducing blood
pressure. An antihypertensive effect
should be apparent in two weeks,
with maximum reduction in blood
pressure occurring within four to six
weeks. If blood pressure is not con-
trolled with candesartan cilexetil (8–
16 mg/day) alone, a diuretic such as

hydrochlorothiazide (12.5 mg/day) or
another antihypertensive agent may be
added.57,58 No reduction in the starting
dosage is necessary in patients who
have mild renal or hepatic impairment
or in the elderly.

Eprosartan mesylate
Eprosartan mesylate was the

fourth selective nonpeptide AT-II
type 1-receptor antagonist to gain
approval for use in the treatment of
hypertension in the United States. It
was marketed by Unimed Pharma-
ceuticals in October 1999 under the
name Teveten. After oral administra-
tion of a single dose of 300 mg of
eprosartan, plasma concentration
peaks in one to two hours in the fast-
ed state.59 Eprosartan is less bioavail-
able than other AT-II-receptor
antagonists (Table 1); this may be re-
lated to incomplete absorption. Ep-
rosartan yields no active metabolites
after oral administration. It is elimi-
nated primarily in bile (90%) and to
a lesser extent in urine (7%) as un-
changed drug. There is negligible sys-
temic accumulation of eprosartan
with long-term use, so dosage adjust-
ment is not warranted in patients
with hepatic or renal disease.

When eprosartan is used as mono-
therapy in patients who are not vol-
ume depleted, a starting dosage of 600
mg once daily is recommended. If a
further decrease in blood pressure is
warranted, the dosage may be in-
creased to 800 mg/day.59,60 In most pa-
tients it may take two to three weeks of
treatment to see a maximum response
in blood pressure. When used in com-
bination with other antihypertensive
agents, such as thiazide diuretics and
calcium-channel blockers, an additive
effect is seen61,62; however, a recom-
mended starting dosage in this situa-
tion has not yet been established. Hy-
potension may occur in volume- or
salt-depleted patients, so caution is
needed in treating this patient popula-
tion, and these conditions should be
corrected before starting eprosartan
therapy.

There appears to be a dose–re-
sponse relationship between blood
pressure decrease and dosage of ep-
rosartan.63 Neither the frequency of
eprosartan administration nor an es-
calation in dosage is associated with
an increase in adverse effects, as dem-
onstrated by clinical studies that as-
sessed dosages of up to 1200 mg/
day.64 Eprosartan has a relatively safe
tolerability profile, with headache
(10%), upper-respiratory-tract infec-
tion (8%), and myalgia (4%) being
the most commonly reported adverse
events (rates similar to those for pla-
cebo).62,65 There is an extremely low
rate of hyperkalemia associated with
eprosartan (<0.2%).

Eprosartan does not inhibit
CYP450 isoenzymes and is not me-
tabolized via this pathway. Thus, ep-
rosartan would not be expected to in-
hibit the metabolism of drugs that
require this enzyme system for elimi-
nation (such as warfarin), nor should
it be prone to drug interactions me-
diated by this pathway.61,67 When ad-
ministered with warfarin, eprosartan
had no apparent influence on the an-
ticoagulatory effect of warfarin, as
determined by the International
Normalized Ratio.68 In conclusion,
no dosage adjustments are necessary
when eprosartan is administered
with warfarin, digoxin, or gly-
buride.61,67-69

Telmisartan
Telmisartan (Micardis, Boehring-

er Ingelheim), a nonpeptide AT-II-
receptor antagonist, gained FDA
approval for use in the treatment of
hypertension in 1998. After oral ad-
ministration, peak concentrations
are reached in 0.5–1 hour. The abso-
lute bioavailability of telmisartan is
dose dependent.70,71 A dose of 40 mg
achieves 40% bioavailability, whereas
160 mg is 58% bioavailable. The bio-
availability of oral telmisartan is re-
duced slightly, but not significantly,
by food. The half-life is 24 hours,
which allows for once-daily adminis-
tration. About 97% of a telmisartan
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dose is eliminated unchanged in the
feces via biliary excretion. Renal ex-
cretion does not contribute to telmi-
sartan’s elimination.

Given that CYP isoenzymes are
not involved in telmisartan’s metab-
olism, no interactions with drugs that
inhibit or are metabolized by CYP
isoenzymes would be expected, with
the possible exception of interference
with the metabolism of drugs metab-
olized by CYP2C19. When telmisar-
tan is administered with digoxin,
peak and trough plasma concentra-
tions of digoxin are increased 49%
and 20%, respectively. When telmi-
sartan is given with warfarin there is
no evidence of any change in the In-
ternational Normalized Ratio.c

The antihypertensive effects of
telmisartan 20–160 mg were assessed
in clinical trials in patients with mild
to moderate hypertension. Reduc-
tions in systolic and diastolic blood
pressure were on the order of 6–8 and
6 mm Hg, respectively, with 20 mg/
day; 9–13 and 6–8 mm Hg with 40
mg/day; and 12–13 and 7–8 mm Hg
with 80 mg/day.70,72 A further de-
crease in blood pressure was not seen
with a larger dosage (120–160 mg/
day). It is recommended that telmi-
sartan be initiated at 40 mg/day with
or without food; the dosage may be
increased to up to 80 mg/day if fur-
ther blood pressure reduction is
needed. In situations in which even
further blood pressure reduction is
needed (beyond that achieved with
80 mg/day), the addition of hydro-
chlorothiazide has been found to
produce incremental reductions.73

Antihypertensive activity begins
within 3 hours and is maintained for
24 hours.71,74 A maximum reduction
in blood pressure is evident in
approximately four weeks. No reduc-
tion in the starting dosage is neces-
sary in patients with mild to moder-
ate renal impairment or the elderly.
Caution should be used when admin-
istering telmisartan to patients with
biliary obstructive disorders or he-
patic insufficiency, since this agent is

eliminated primarily by biliary excre-
tion.

The overall frequency of adverse
events with telmisartan 20–160 mg/
day was reported to be similar to that
with placebo.72 Rates of upper-respira-
tory-tract infection (7%), dizziness
(5%), back pain (3%), sinusitis (3%),
and diarrhea (3%) were similar to the
rates for placebo (6%, 6%, 1%, 3%,
and 2%, respectively).75 The rate of
cough with telmisartan (15.6%) was
comparable to that with placebo
(9.6%) and significantly less than with
lisinopril (60%).76,77

Tasosartan
The new drug application for tas-

osartan was withdrawn in March
1998 because of unresolved questions
about safety, specifically liver toxicity
that occurred in 12% of patients in
Phase II and Phase III clinical trials.

Comparative efficacy
Other antihypertensive classes.

Several clinical trials have demon-
strated that AT-II-receptor antago-
nists are as effective as other antihy-
pertensive classes (calcium-channel
blockers, β-blockers, and ACE inhib-
itors) in lowering blood pres-
sure.29,31,46,50,66,78-85

Several AT-II-receptor antago-
nists have been compared with sever-
al ACE inhibitors (Table 2). A dou-
ble-blind, multicenter, randomized
study of 227 patients with mild to
moderate hypertension evaluated the
efficacy of candesartan cilexetil 4–8
mg once daily and enalapril maleate
10–20 mg once daily for eight
weeks.56 These two agents were
equally efficacious. Mean reductions
in sitting systolic and diastolic blood
pressure were 10.5 and 10.1 mm Hg
with candesartan and 15.0 and 12.3
mm Hg with enalapril. Adverse reac-
tions were more frequent in the enal-
april group (23.5%) than in the can-
desartan group (11.3%). Headache
and cough were among the most
common adverse events.

In another study, irbesartan and

enalapril were compared for antihy-
pertensive efficacy and tolerability in
182 patients with severe hyperten-
sion.46 The primary endpoint was a
reduction in diastolic blood pressure
to normal (<90 mm Hg) or a reduc-
tion at week 12 of ≥10 mm Hg from
baseline. At the end of the study peri-
od, 59% of the irbesartan recipients
and 57% of the enalapril group had
normal diastolic blood pressure. Re-
sponse rates were similar in the irbe-
sartan and the enalapril groups
(100% and 98%, respectively). Irbe-
sartan was associated with a lower
rate of adverse events (55%) than
enalapril (64%). A significantly high-
er percentage of patients receiving
enalapril than irbesartan had cough
(13.1% versus 2.5%). The results
demonstrate that irbesartan is as ef-
fective as and more tolerable than
enalapril, which might contribute to
improved patient compliance.

A study comparing eprosartan and
enalapril in patients with mild to mod-
erate hypertension (n = 528) and pa-
tients with severe hypertension (n =
118) yielded results similar to those of
comparisons between other AT-II-re-
ceptor antagonists and ACE inhibi-
tors.66,82 In the patients with mild to
moderate hypertension, eprosartan
and enalapril produced similar de-
creases in systolic and diastolic blood
pressure—reductions of 15.5 and 12.9
mm Hg, respectively, with eprosartan
600 mg/day and reductions of 14.7 and
11.9 mm Hg with enalapril maleate 20
mg/day. Among the patients with se-
vere hypertension, systolic blood pres-
sure was reduced by 29.1 mm Hg and
diastolic blood pressure by 20.1 mm
Hg in those given eprosartan and by
21.1 and 16.2 mm Hg in those given
enalapril. Eprosartan was at least as ef-
fective in reducing blood pressure as
enalapril and was associated with a
lower frequency of dry cough (2.2%
versus 20.5%).

Candesartan, losartan, and irbe-
sartan. Several trials have compared
AT-II-receptor antagonists. One
study involving 334 patients with
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mild to moderate hypertension
showed that candesartan cilexetil 8
mg once daily is as effective as losar-

tan potassium 50 mg once daily, but
candesartan cilexetil 16 mg once dai-
ly had a greater blood pressure-low-

ering effect than losartan potassium
50 mg once daily.50,54 At 24 hours af-
ter a dose, there was a 3.7-mm Hg

aLosartan dosages are expressed in terms of losartan potassium, and candesartan dosages are expressed in terms of candesartan cilexetil. BP = blood pressure, SBP =
systolic blood pressure, DBP = diastolic blood pressure, NR = not reported, HCTZ = hydrochlorothiazide.

bPrimary efficacy variable was assessed after eight weeks of therapy.

Losartan = enalapril

Enalapril > losartan

Valsartan = enalapril >
placebo

Valsartan = lisinopril >
placebo

Valsartan = enalapril

Irbesartan = enalapril

Irbesartan = enalapril

Candesartan = enalapril >
placebo

Eprosartan > enalapril

Eprosartan = enalapril

Telmisartan = enalapril

Telmisartan = lisinopril

51
59
NR

54

58
20
44.1

57.2

21.3

60.6
52.6

59
57
66
63

70
72
43

81.7

73.4

69.5

54.2

63

62

83

87

10.6 ± 13.0/8.4 ± 7.1
12.9 ± 12.9/10.6 ± 7.2
8.5 ± 14.5/7.3 ± 9.4
11.6 ± 14.5/9.9 ± 8.5
14.7 ± 11.8/11.9 ± 9.2
12.3 ± 14.4/10.4 ± 8.9
13.5 ± 11.9/13.1 ± 9.0
18.7 ± 15.4/16.2 ± 0.4

12.4 ± 13.7/9.5 ± 7.4

13.1± 13.3/9.4 ± 8.4
5.7 ± 14.2/4.5 ± 7.5
8.96 ± 14.95/5.25 ±

4.41
10.98 ± 14.94/6.93 ±

4.45
1.73 ± 14.39/3.23 ±

4.43
38.5/13.2b

1.6/12.0

40.1/29.6
39.3/30.5
18.0 ± 13.5/13.0 ± 4.1
18.0 ± 12.8/14.0 ± 4.2

12.3 ± 12.0/10.1 ± 6.6
15.0 ± 12.2/10.5 ± 6.6
5.3 ± 11.0

15.5 ± 1.1/12.9 ± 0.6

14.7 ± 1.0/11.9 ± 0.6

29.1 ± 2.9/20.1 ± 2.1

21.1 ± 2.7/16.2 ± 2.0

22.1 ± 18.4/12.8 ± 5.2

20.1 ± 15.6/11.4 ± 5.1

23.8/16.6

19.9/15.6

Losartan 50 (12)
Enalapril 20 (12)
Losartan 10 (8)
Losartan 25 (8)
Losartan 50 (8)
Losartan 100 (8)
Losartan 150 (8)
Enalapril 20 (8)

Valsartan 80 (8)

Enalapril 20 (8)
Placebo (8)
Valsartan 80–160 (12)

Lisinopril 10–20 (12)

Placebo (12)

Valsartan 80 ± HCTZ 12.5 (12)
Enalapril 20 ± HCTZ 12.5 (12)

Irbesartan 150–300 (12)
Enalapril 20–40 (12)
Irbesartan 75–300 (12)
Enalapril 10–40 (12)

Candesartan 4–8 (8)
Enalapril 10–20 (8)
Placebo (8)

Eprosartan 400–600 ± HCTZ
12.5–25 (26)

Enalapril 5–20 ± HCTZ 12.5–
25 (26)

Eprosartan 400–600 ± HCTZ
25 (10)

Enalapril 10–40 ± HCTZ 25
(10)

Telmisartan 20–80 ± HCTZ
12.5–25 (26)

Enalapril 5–20 ± HCTZ 12.5–
25 (26)

Telmisartan 40–160 ± HCTZ
12.5–25 (52)

Lisinopril 10–40 ± HCTZ
12.5–25 (52)

DBP, 95–120

DBP, >95

162/101

161/102
161/102
DBP, 95–120

165/102
169/103

DBP, 115–130

164/101
165/102

DBP, 95–109

DBP, >114,
SBP, >95

DBP, 115–125

DBP, 115–130

DBP, >95

200
199
576 (total)

137

  69
142
364

187

183

184 (total)

121
  61
  98
102

  80
  81
  44

528 (total)

  59

  59

139

139

385

193

Table 2.
Clinical Trials Comparing Angiotensin-II-Receptor Antagonists with
Angiotensin-Converting-Enzyme Inhibitorsa

Losartan
79

80

Valsartan
29

31

81

Irbesartan
46

83

Candesartan
56

Eprosartan
82

66

Telmisartan
71

84

Reference n
Baseline BP

(mm Hg)
Dosage in mg/Day

(Duration in wk)

Mean or Mean ± S.D.
Reduction in SBP/

DBP (mm Hg)
Response
Rate (%) Overall Efficacy
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difference in sitting diastolic blood
pressure and a 4.6-mm Hg difference
in sitting systolic blood pressure be-
tween candesartan cilexetil 16 mg
once daily and losartan potassium 50
mg once daily, in candesartan’s fa-
vor.54 In addition, the response rate
was significantly higher in patients
who received candesartan cilexetil 8
or 16 mg/day (50% and 57%, respec-
tively) than in those given placebo
(15%) or losartan (46%).

Another study compared the tol-
erability and antihypertensive effica-
cy of irbesartan and losartan in 567
patients with mild to moderate hy-
pertension.86 Irbesartan 150 or 300
mg and losartan potassium 100 mg
were administered daily for eight
weeks. Systolic blood pressure and
diastolic blood pressure were re-
duced more by irbesartan 300 mg
(16.4 and 11.7 mm Hg, respectively)
than by losartan potassium 100 mg
(11.3 and 8.7 mm Hg). At the end of
the study, 52% of patients who re-
ceived irbesartan 300 mg had normal
blood pressure, compared with 42% of
patients given losartan potassium 100
mg. Irbesartan 150 mg produced re-
ductions in systolic and diastolic blood
pressure (12.1 and 9.7 mm Hg, respec-
tively) similar to those achieved by
losartan potassium 100 mg (11.3 and
8.7 mm Hg). Both agents were well
tolerated, as was found in previous tri-
als.18,20,40,43

The results of these two studies
suggest that candesartan and irbe-
sartan are slightly more effective than
losartan. Additional studies are need-
ed to confirm these findings and to
evaluate the effect of AT-II-receptor
antagonists on hypertension-associ-
ated morbidity and mortality.

Combination therapy. Several
studies have evaluated the efficacy of
AT-II-receptor antagonists in combi-
nation with hydrochlorothia-
zide.58,66,71,81,82,84,87 Blood pressure
response was enhanced to various de-
grees when hydrochlorothiazide
12.5–25 mg was administered con-
currently with an AT-II-receptor an-

tagonist, relative to the response to
monotherapy with an AT-II-receptor
antagonist.

It has been postulated that therapy
with an AT-II-receptor antagonist in
combination with an ACE inhibitor
will completely block the RAS.

Adverse reactions
Dizziness, headache, upper-respi-

ratory-tract infection, cough, and
gastrointestinal disturbances have
been reported with AT-II-receptor
antagonists at about the same rates as
with placebo. All AT-II-receptor an-
tagonists are less likely than ACE in-
hibitors to cause cough. Thus, it may
be clinically advantageous to use an
AT-II-receptor antagonist in patients
who develop ACE inhibitor-induced
dry cough.

Intravascular volume and renal
function depend in part on the RAS.
Patients who are volume depleted,
are being treated aggressively with di-
uretics, are hyponatremic, or have
progressive renal insufficiency or re-
nal artery stenosis are at a greater risk
of hypotension and deterioration of
renal function. Therapy with AT-II-
receptor antagonists in patients with
these conditions should be initiated at
a reduced dosage, or the underlying
condition should first be corrected.

Like ACE inhibitors, AT-II-recep-
tor antagonists may induce hyper-
kalemia in patients with chronic
renal failure and in those receiving
potassium-sparing diuretics or po-
tassium supplements. Although hy-
perkalemia and renal insufficiency
are more likely to occur in certain at-
risk patients (e.g., patients with se-
vere congestive heart failure), serum
potassium and renal function must
be monitored in all patients. Howev-
er, in clinical trials of AT-II-receptor
antagonists, clinically important
changes in serum potassium levels
were reported for valsartan only.

AT-II-receptor antagonists, like
ACE inhibitors, are contraindicated
in pregnant women and those who
may become pregnant because direct

action on the RAS can cause fetal
morbidity and death.

Drug interactions
Of the AT-II-receptor antagonists,

only candesartan has any clinically
important interactions with digoxin,
warfarin, and hydrochlorothiazide.
Candesartan may increase serum
concentrations of digoxin and may de-
crease warfarin concentrations; how-
ever, there is no apparent change in the
International Normalized Ratio.

Losartan is metabolized by the CYP
isoenzyme system; however, the effects
of potent inhibitors of CYP3A4 and
CYP2C9 on losartan pharmacokinet-
ics have not been clinically studied.
When administered with losartan,
phenobarbital causes a 20% reduc-
tion in serum concentrations of losa-
rtan and its metabolite, thus reducing
its effectiveness. Eprosartan, cande-
sartan, irbesartan, valsartan, and
telmisartan are not metabolized by
the CYP system.

Cost
All the available AT-II-receptor

antagonists, when prescribed at usual
starting dosages, are similar in cost.
Average wholesale prices, rounded to
the nearest dollar, for a one-month
supply of medication are as follows:
candesartan cilexetil 16 mg/day, irbe-
sartan 150 mg/day, and valsartan 80
mg/day, $36; losartan potassium 50
mg/day, $38; telmisartan 40 mg/day,
$39; and eprosartan mesylate 600
mg/day, $37.88

Instructions for the patient
Women of childbearing age

should be advised of the consequenc-
es of second- and third-trimester
fetal exposure to AT-II-receptor an-
tagonists and should be instructed to
report their pregnancy to their physi-
cian as soon as possible. Patients tak-
ing losartan should be advised not to
use potassium supplements or salt
substitutes containing potassium be-
cause of the potential for increased
serum potassium levels.
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Indications
All currently available AT-II-re-

ceptor antagonists have received
FDA-approved labeling for use in the
treatment of hypertension either
alone or in combination with other
antihypertensive agents.

Several large trials are under way
to evaluate the effects of AT-II-recep-
tor antagonists on cardiovascular-as-
sociated morbidity and mortality in
patients with hypertension and con-
gestive heart failure. The LIFE
(Losartan Intervention for Endpoint
Reduction in Hypertension) study
will, in hypertensive patients with
documented left ventricular hyper-
trophy, evaluate long-term effects of
losartan versus atenolol on cardio-
vascular morbidity and mortality.
The Valsartan Heart Failure Trial
(Val-HeFT), a multinational trial in-
volving more than 4000 patients with
congestive heart failure, will evaluate
the addition of valsartan to current
standard treatments for heart failure,
including ACE inhibitors.

The ELITE (Evaluation of Losar-
tan in the Elderly) study compared
the efficacy and safety of losartan and
captopril in 722 elderly patients (≥65
years old) with class II–IV heart fail-
ure and ejection fraction below
0.40.89 Patients were treated with
captopril 50 mg three times daily or
losartan potassium 50 mg once daily
for 48 weeks. There was no difference
in the frequency of renal dysfunction
(persistent increases in serum creati-
nine concentration) between the cap-
topril and losartan groups (10.5% in
each group). The rate of mortality
from all causes was lower in the losar-
tan group (4.8%) than in the capto-
pril group (8.7%). Fewer losartan re-
cipients than captopril recipients
discontinued therapy because of ad-
verse reactions (12.2% versus
20.8%). The results of this study have
led to an additional study, ELITE II,
to confirm the findings.

Formulary recommendations
Angiotensin-II-receptor antago-

nists seem to be as effective as ACE
inhibitors for treating hypertension
and can be initiated in patients who
are unable to tolerate an ACE inhibi-
tor. All available AT-II-receptor an-
tagonists seem to be equally effective
in reducing both systolic and diastol-
ic blood pressure, and they are com-
parable in cost.

Losartan is unique among AT-II-
receptor antagonists in that it has the
ability to increase uric acid excretion,
which in turn lowers plasma uric acid
levels22; however, the clinical impor-
tance of this characteristic has yet to
be determined.

Conclusion
Angiotensin-II-receptor antago-

nists are well tolerated and are as
effective as ACE inhibitors in de-
creasing blood pressure. Currently,
AT-II-receptor antagonists are used
either as monotherapy in patients
who cannot tolerate ACE inhibitors
or in combination with hydrochlo-
rothiazide or other antihypertensive
agents.

aValsartan data on file. Novartis, East Ha-
nover, NJ; 1996.

bChando TJ, Everett DW, Kahle AD et al.
Biotransformation of irbesartan in man. Data on
file. Bristol-Myers Squibb, Princeton, NJ; 1997.

cTelmisartan data on file. Boehringer Ingel-
heim, Ridgefield, CT; 1998.
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