
Pathophysiology
The renin-angiotensin-aldosterone system

plays an important role in the development
and progression of cardiovascular disease.
ACE inhibitors and angiotensin-receptor
blockers affect the system at different levels
and thus may have an additive effect.
Angiotensinogen, the initial substrate of the
renin-angiotensin-aldosterone system, is pro-
duced in the liver; renin converts it to
angiotensin I in the kidneys. ACE converts
angiotensin I to angiotensin II, a potent vaso-
constrictor with a broad spectrum of activ-
ity in target organs. Angiotensin II also
stimulates the release of aldosterone, which
causes sodium and fluid retention. The
actions of angiotensin II are mediated by
receptor AT1, which triggers detrimental ef-
fects, and AT2, which triggers some beneficial
effects.

Another component of the renin-angio-
tensin-aldosterone system is bradykinin, a
vasoactive peptide metabolized by the same
enzyme that converts angiotensin I to angio-
tensin II. The use of ACE inhibitors to block
the breakdown of bradykinin also promotes
vasodilation, natriuresis, and a beneficial
effect on cardiac remodeling.

Studies have shown that despite adequate

D
espite recent advances in treat-
ment, heart failure carries a
high risk of morbidity and
mortality. About 550,000 new
cases are diagnosed annually,

and approximately 50,000 persons die of
heart failure each year.1

The treatment goal in patients with heart
failure is twofold: to control symptoms and to
extend life span. Beta blockers,2 angiotensin-
converting enzyme (ACE) inhibitors,3 and
spironolactone (Aldactone)4 have been shown
to decrease mortality. Angiotensin-receptor
blockers also have been studied in the treat-
ment of heart failure, and several studies have
shown significant symptomatic improve-
ment, similar to that associated with ACE
inhibitor therapy. However, angiotensin-
receptor blockers do not decrease mortality
rates in patients with heart failure.5

Because of their different mechanisms of
action, ACE inhibitors and angiotensin-recep-
tor blockers are not interchangeable. However,
when used in combination, they theoretically
may benefit patients with heart failure. This
article reviews the literature and available evi-
dence on the use of ACE inhibitors and
angiotensin-receptor blockers in combination
for the treatment of patients with congestive
heart failure.

Angiotensin-converting enzyme inhibitors and angiotensin-receptor blockers have dif-
ferent pharmacologic mechanisms for blocking the effect of the renin-angiotensin-
aldosterone system on the cardiovascular system. Pharmacologically, the combination of
these drug classes completely blocks the deleterious effect of angiotensin in patients
with heart failure. However, clinical trials have not shown a marked benefit from using
this combination compared with using angiotensin-converting enzyme inhibitors alone.
Patients who take combination therapy do not live longer, although they are less likely
to be hospitalized for worsening symptoms. Most patients who take combination ther-
apy will not experience marked improvement in symptoms or quality of life. (Am Fam
Physician 2003;68:1795-8. Copyright© 2003 American Academy of Family Physicians.)
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ACE inhibition, angiotensin II levels eventually return to
nearly normal levels, because the chymase enzymes are an
alternate pathway for angiotensin conversion. Angio-
tensin-receptor blockers work by blocking the effects of
angiotensin II at the AT1 receptor, allowing beneficial
effects at the AT2 receptor. When angiotensin-receptor
blockers are taken alone, the inactivation of bradykinin
proceeds normally, without the beneficial accumulation
promoted by ACE inhibitors. The use of an ACE inhibitor
in combination with an angiotensin-receptor blocker the-
oretically could offer benefits by allowing bradykinin to
accumulate while blocking the deleterious consequences of
angiotensin II.

Search Methods
To find relevant patient-oriented research, we searched

MEDLINE, InfoRetriever, and our own files for
“angiotensin-receptor blockers” and “ARBs.” We limited
the research to randomized controlled trials (RCTs) that
evaluated the role of angiotensin-receptor blockers and
ACE inhibitors on patient-oriented outcomes.

Our literature review found a small number of studies
that dealt specifically with the combination of ACE
inhibitors and angiotensin-receptor blockers. Most of the

early studies were of short duration and had few partici-
pants. Many of the studies focused solely on the physio-
logic effects of therapy.

MORTALITY

Based on a meta-analysis of six studies involving nearly
6,000 patients, the addition of an angiotensin-receptor
blocker to ACE inhibitor therapy is not more effective than
ACE inhibitor treatment alone in reducing mortality.5

[Evidence level A, meta-analysis] The largest study was the
Valsartan Heart Failure Trial (Val-HeFT),6 a randomized,
placebo-controlled trial involving 5,010 patients over
nearly two years.

Patients in Val-HeFT6 had an ejection fraction of less
than 40 percent and a New York Heart Association (NYHA)
classification of II to IV. Patients took an ACE inhibitor (92
percent) and/or diuretic (85 percent), and some patients
also took digoxin and beta blockers. In addition to this
“background therapy,” patients received valsartan, in a
dosage of 40 mg twice daily, titrated to 160 mg twice daily,
or placebo. During the two-year follow-up period, 19 per-
cent of study participants died; there was no difference in
mortality rates between the angiotensin-receptor–blocker
group and the placebo group (relative risk [RR], 1.02; 95
percent confidence interval [CI], 0.90 to 1.15).

A recently published study, the Candesartan in Heart
Failure: Assessment of Mortality and Morbidity (CHARM)-
Added study,7 has shown similar results. In this study,
2,548 patients with a NYHA classification of II to IV who
already were taking an ACE inhibitor were randomized to
receive placebo or candesartan up to 32 mg daily. As with
the Val-HeFT trial and the meta-analysis, overall death
rates were similar with and without candesartan.

HOSPITALIZATION

Angiotensin-receptor blockers, used in combination
with ACE inhibitors, decrease the hospitalization rate in
patients with heart failure. A meta-analysis of three studies
with nearly 6,000 patients found a reduction in hospital-
ization rates in patients who took the combination of an
ACE inhibitor and an angiotensin-receptor blocker, com-
pared with patients who took an ACE inhibitor alone (RR,
0.74; 95 percent CI, 0.64 to 0.86).5,6 [Reference 6—Evi-
dence level A, RCT] Patients in the Val-HeFT and
CHARM-Added studies had similar results. Compared
with ACE inhibitor treatment alone, one hospitalization is
prevented for every 21 patients treated with the combina-

1796 AMERICAN FAMILY PHYSICIAN www.aafp.org/afp VOLUME 68, NUMBER 9  /  NOVEMBER 1, 2003

The Authors

DEAN THOMAS SCOW, M.D., is a faculty member at the Harrisburg
(Pa.) Family Practice Residency Program. Dr. Scow received his medical
degree from the University of Chicago Pritzker School of Medicine and
completed a family practice residency at Naval Regional Medical Cen-
ter, Bremerton, Wash.

ELLEN G. SMITH, M.D., is chair of the Department of Family Practice
and program director of the Harrisburg Family Practice Residency Pro-
gram at Pinnacle Health Hospitals. Dr. Smith received her medical
degree from Pennsylvania State University College of Medicine, Her-
shey. She completed a family practice residency at Lancaster (Pa.) Gen-
eral Hospital and also completed the National Institute for Program
Director Development Fellowship sponsored by the American Family
Practice Residency Directors.

ALLEN F. SHAUGHNESSY, PHARM.D., is director of medical education
for the Pinnacle Health System, Harrisburg, Pa. He is editor of the Jour-
nal of Family Practice Patient-Oriented Evidence that Matters (POEMs)
column and a co-founder of InfoPOEM, Inc. Dr. Shaughnessy received
his undergraduate degree in pharmacy from Temple University, Philadel-
phia, and completed his doctor of pharmacy degree and fellowship
training at the Medical University of South Carolina, Charleston.

Address correspondence to Allen F. Shaughnessy, Pharm.D., Depart-
ment of Medical Education, 206 S. Front St., BMAB 913, Harrisburg, PA
17104. (e-mail: Ashaughnessy@PinnacleHealth.org) Reprints are not
available from the authors.



tion of an ACE inhibitor and an angiotensin-receptor
blocker for two years.5

SYMPTOMS

When added to ACE inhibitor therapy, angiotensin-
receptor blockers have little effect on exercise capacity,
functional capacity, and quality of life. A number of stud-
ies have evaluated the effect of adding angiotensin-recep-
tor blockers to ACE inhibitors to control symptoms of
heart failure. In many of these studies, the end points were
physiologic events such as plasma norepinephrine levels,
aldosterone levels, end systolic/diastolic volumes, and peak
exercise capacity. However, more important outcomes are
measures of exercise capacity, functional capacity (using
the NYHA classification), and quality of life.

One randomized, double-blind, placebo-controlled
study8 of 20 patients over 12 weeks found that the combi-
nation of an ACE inhibitor and an angiotensin-receptor
blocker was well tolerated, but that patients taking the com-
bination had no significant improvement in exercise capac-
ity, quality of life, or physiologic measurements of hemody-
namics or neurohormones.Although this was a small study,
it was large enough to have found a significant change (i.e.,
more than 25 percent) in exercise capacity if such a change
had been present. Another study9 evaluating exercise toler-

ance time found no difference after 12 weeks of combined
therapy compared with an ACE inhibitor alone, although
this study probably was underpowered.

A longer study10 found a significant reduction of symp-
toms in patients who received combination therapy. In 
33 patients treated with the combination for six months,
exercise capacity as measured by peak aerobic capacity
(maximal oxygen consumption [VO2]) improved signifi-
cantly. Functional capacity also improved, with nine of
16 patients (56 percent) in the combination group improv-
ing by one NYHA class, compared with one of 17 patients
(6 percent) treated with an ACE inhibitor plus placebo.

In contrast, two larger studies of the angiotensin-receptor
blockers valsartan6 and candesartan11 found little effect on
symptoms in patients receiving combination therapy com-
pared with patients receiving conventional therapy that
included an ACE inhibitor. In the candesartan study,11 768

ACE Inhibitiors
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TABLE 1

Effects of Drugs Used in the Treatment of Heart Failure

Medications Morbidity rate Hospitalization rate Mortality rate

ACE inhibitors Decrease Decrease Decrease
Beta blockers Decrease Decrease Decrease
Spironolactone (Aldactone) Insufficient evidence Insufficient evidence Decrease
Hydralazine (Apresoline) and isosorbide Insufficient evidence No benefit Decrease

dinitrate (Isordil)
Angiotensin-receptor blockers Decrease Insufficient evidence Insufficient evidence
Diuretics Decrease Insufficient evidence Insufficient evidence
Digoxin Decrease Decrease No benefit
ACE and angiotensin-receptor blocker Insufficient evidence Decrease No benefit

combination
ACE inhibitor, angiotensin-receptor blocker, Insufficient evidence Insufficient evidence Insufficient evidence

and beta blocker combination

ACE = angiotensin-converting enzyme.

Information from reference 12.

The addition of an angiotensin-receptor blocker
to angiotensin-converting enzyme (ACE) inhibitor
therapy is not more effective than ACE inhibitor
treatment alone in reducing mortality.



patients received candesartan or enalapril (Vasotec) alone or
the two drugs in combination. Investigators found no differ-
ence in exercise capacity (as measured by six-minute walking
distance), quality of life (as measured by the Minnesota Liv-
ing with Heart Failure Questionnaire), or NYHA functional
class. In the valsartan study,6 there was a statistically signifi-
cant improvement in symptoms when an angiotensin-recep-
tor blocker was added to standard therapy that included an
ACE inhibitor, although both groups had similar improve-
ments in NYHA classification (23.1 percent versus 20.7 per-
cent, P = .001) and percentage of patients whose classifica-
tion declined (10.1 percent versus 12.8 percent, P < .001).
Quality of life was not affected by the addition of valsartan.

Discussion
Several options exist for delaying mortality and reducing

hospitalizations and symptoms in patients with congestive
heart failure (see accompanying table).12 In addition to
digoxin and a diuretic (one or more doses per day) to treat
symptoms, patients also could be treated with an ACE
inhibitor, a beta blocker, an angiotensin-receptor blocker,
spironolactone, or aspirin. The law of diminishing returns
applies to these treatments—the incremental benefit of
additional therapy decreases with each medication added.
Such is the case with the angiotensin-receptor blockers.

There are two approaches to determining the effectiveness
of angiotensin-receptor blockers in combination with ACE
inhibitors. One approach is to assume a “class effect”(mean-
ing that there is no difference among the angiotensin-recep-
tor blockers); thus, the results of trials of different agents can
be combined. The other approach is to acknowledge a
potential difference in pharmacology among the
angiotensin-receptor blockers and to compare one agent in
the class with another.13 However, no convincing evidence
shows that these mechanistic differences have a major clini-
cal effect; more importantly, no comparative studies of
angiotensin-receptor blockers have been published.

In terms of morbidity and mortality, ACE inhibitors and
beta blockers have well-established, substantial benefits in

the treatment of congestive heart failure. Although some
patients taking combination therapy will be hospitalized
less often than patients taking an ACE inhibitor alone, the
majority of patients will not live longer or better with com-
bination therapy.
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Angiotensin-receptor blockers, used in combina-
tion with angiotensin-converting enzyme
inhibitors, decrease the hospitalization rate in
patients with heart failure.
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