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Review Paper

Combination Therapy With Renin-
Angiotensin-Aldosterone Receptor Blockers
for Hypertension: How Far Have We Come?

Matthew R. Weir;! George L. Bakris?

In a large number of patients with hyperten-
sion, >2 antibypertensive agents are required to
achieve blood pressure (BP) goals. There is good
rationale for initial combination therapy based
on clinical trials demonstrating that achievement
of BP goals within a reasonably short period of
time results in fewer cardiovascular events. One
approach to attaining BP goals and improving
medication adherence is fixed-dose combina-
tion therapy, the use of which dates back to the
1960s. Given some of the advantages of renin-
angiotensin-aldosterone system (RAAS) blockers
in patients with heart disease, kidney disease,
and diabetes, many combinations include either
an angiotensin-converting enzyme inhibitor or
an angiotensin receptor blocker. In most stud-
ies, however, thiazide diuretics were necessary
to achieve goal BP. Calcium channel blockers
have also been used in combination with angio-
tensin-converting enzyme inhibitors to lower BP.
Studies are now under way to determine the rel-
ative benefits of an RAAS blocker/diuretic com-
pared with an RAAS blocker/calcium channel
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he global prevalence of hypertension in 2000
was 972 million, and it is predicted to rise to
more than 1.5 billion by 2025.! Hypertension,
a leading treatable risk factor for cardiovascular
(CV) disease, has a significant health, economic,
and societal impact.” Although it is well estab-
lished that blood pressure (BP) lowering with anti-
hypertensive therapy, even to less than goal levels,
reduces the risk of CV disease, BP targets are not
reached in many patients. Results might be better
if goals were achieved. It is now widely accepted in
that many patients, especially those with evidence
of renal disease or diabetes, >2 antihypertensive
drugs targeting different physiologic mechanisms
of BP regulation are required to achieve BP goal.
There is good rationale for fixed-dose combi-
nation (FDC) therapies; this has been the subject
of previous reviews.>® The primary rationale for
using FDCs is enhanced adherence to medica-
tion regimens compared with treatment given
as 2 separate agents.” FDCs also facilitate more
prompt reduction of BP.%? Since the use of anti-
hypertensive combinations started in the 1960s
with hydrochlorothiazide (HCTZ) combined with
the potassium-sparing diuretic triamterene, newer
and different combinations have been introduced.
Thiazide diuretics and calcium channel block-
ers (CCBs) are effective, as well as combinations
that include renin-angiotensin-aldosterone system
(RAAS) blockers, in reducing BP. Several com-
binations of an angiotensin-converting enzyme
inhibitor (ACEI) or angiotensin receptor blocker
(ARB) with a diuretic or an ACEI with a CCB are
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Table. RAAS Blockers and Fixed-Dose RAAS Blocker Combination Therapies

ACEIls

RAAS BLOCKERS

ARBs

Single-agent formulations

Combination with CCBs

Benazepril, captopril, enalapril, lisinopril,
quinapril, moexipril, delapril, fosinopril,
perindopril, cilazapril, ramipril, trandolapril

Combination with diuretics  Benazapril/ HCTZ, captopril/HCTZ, enalapril/  Valsartan/HCTZ, losartan/HCTZ, irbesartan/
HCTZ, lisinopril/HCTZ, quinapril/HCTZ,
moexipril/HCTZ, delapril/indapamide,
fosinopril/HCTZ, perindopril/indapamide,
cilazapril/ HCTZ, ramipril/HCTZ

Benazepril/amlodipine, enalapril/felodipine,
trandolapril/verapamil, ramipril/felodipine

Valsartan, losartan, irbesartan, eprosartan,
telmisartan, candesartan, olmesartan

HCTZ, eprosartan/HCTZ, telmisartan/HCTZ,
candesartan/HCTZ, olmesartan/HCTZ

Amlodipine/valsartan, olmesartan/amlodipine®

“Under evaluation. Abbreviations: ACEI, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CCB, calcium chan-
nel blocker; HCTZ, hydrochlorothiazide; RAAS, renin-angiotensin-aldosterone system.

available (Table). More recently, a combination
of an ARB and a CCB (amlodipine/valsartan) has
been introduced. This review evaluates the latest
developments in the use of FDCs based on ARBs
and ACEIs.

RAAS BLOCKADE

The RAAS regulates sodium balance, fluid vol-
ume, and BP.! Angiotensin II, the main effector
peptide of the RAAS, binds to the angiotensin
I type 1 (AT,) receptor and mediates a range of
processes, including vasoconstriction, aldosterone
and vasopressin release, sodium and water reten-
tion, and sympathetic activation, which can, in
turn, lead to the development of hypertension.!?
ACEIs decrease levels of circulating angiotensin II
by inhibiting angiotensin-converting enzymes and
thereby reducing the conversion of angiotensin I
to angiotensin II. ARBs, however, act by selectively
blocking the binding of angiotensin to the AT,
receptor in the peripheral vasculature.

During the last 10 years, RAAS blockade with
ACEIs or ARBs has become established as an effec-
tive option in the management of hypertension. The
efficacy and safety of these antihypertensive thera-
pies have been reviewed in detail elsewhere.!%-12

COMBINATION THERAPY WITH

RAAS BLOCKERS

The mechanistic rationale for use of a diuretic with
an RAAS blocker is that diuretic-induced vasodila-
tion reduces BP by inducing mild sodium deple-
tion and reducing plasma volume. Consequently,
diuretics may indirectly stimulate the RAAS, which
may attenuate their efficacy. In most cases, how-
ever, this does not negate the BP-lowering effects
of these agents. A logical step is to combine an
RAAS blocker (an ACEI or an ARB) with a diuretic
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to potentiate reductions in arterial pressure.® The
pharmacologic rationale for the use of a CCB with
an RAAS blocker is based on the buffering by the
RAAS blocker of CCB-induced activation of the
sympathetic nervous system!3 and the RAAS,*
as well as reinforcement of the antihypertensive
effect of the RAAS blocker by the negative sodium
balance caused by CCBs.'* Dose-dependent CCB-
induced peripheral edema may be minimized in the
presence of an RAAS blocker.®

ACEIs Plus Diuretics or CCBs

Combinations of ACEIs and a diuretic or a CCB have
been used for many years and have been reviewed in
detail.>=> Most of the long-term clinical trials have
used an RAAS blocker/diuretic combination. ACEI/
CCB combinations have been shown to be effective
in reducing BP in hypertensive patients with non—
insulin-dependent diabetes and renal insufficiency
without compromising remaining renal function.!®
Results of the Study of Hypertension and the
Efficacy of Lotrel in Diabetics (SHIELD) suggested
that initial therapy with an ACEI/CCB combination
of benazepril/amlodipine may be more effective
than enalapril monotherapy in achieving BP goals
in a more timely fashion in patients with type 2
diabetes (Figure 1).” This combination and many
other combinations would be expected to be more
effective than monotherapy.

The efficacy of benazepril/amlodipine 10 mg/5
mg has been compared with that of the ACEl/thi-
azide captopril/HCTZ (50/25 mg) in patients with
mild to moderate hypertension.'® Sitting diastolic
BP (DBP) and systolic BP (SBP) levels at the end of
active treatment were 2.7 and 3.7 mm Hg lower,
respectively, with benazepril/amlodipine than with
captopril/HCTZ (P<.001), and the response rate
(defined as the proportion of patients with either
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1007 M Amlodipine/benazepril 5/10 or 5/20 mg/d + HCTZ 12.5 mg/d*
O Enalapril 10 or 20 mg/d + HCTZ 12.5 mg/d*
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Figure 1. Percentage of all participants in whom target
blood pressure (BP) (<130/85 mm Hg) was achieved by
week and treatment group (intent-to-treat population).
“If the maximum dosage regimens did not reduce BP
to target level, hydrochlorothiazide (HCTZ) 12.5 mg/d
was added at week 8 (so that weeks 10 and 12 reflect
diuretic add-on therapy). Reproduced from Bakris and
Weir® with permission from Blackwell Publishing.

a final sitting DBP value <90 mm Hg or decreased
by >10 mm Hg or a sitting SBP value <150 mm Hg
or decreased by >20 mm Hg from baseline) was
significantly higher in the benazepril/amlodipine
group than in the captopril/HCTZ group (94.8%
vs 86.0%; P=.004).1¢

Like the ACEl/thiazide combination, an ACEl/
CCB has also been shown to be effective in reducing
proteinuria in diabetic hypertension,'”!8 left ventricu-
lar hypertrophy!® and CV events.?? Combined ACEl/
CCB treatment was, as anticipated, more efficacious
than high doses of the individual agents in increas-
ing arterial compliance and reducing left ventricular
mass in patients with hypertension.!” Significantly
greater improvements in large-vessel compliance
were observed with benazepril/amlodipine compared
with enalapril monotherapy in patients with hyper-
tension and type 2 diabetes (52% vs 32%; P<.05).2!
In the BP-lowering arm of the Anglo-Scandinavian
Cardiac Outcomes Trial (ASCOT), perindopril added
to amlodipine was more effective in preventing
CV events than was bendroflumethiazide added to
atenolol.?’ The amlodipine-based regimen did not
reduce the primary end point of coronary heart dis-
ease events but significantly reduced the risk of fatal
and nonfatal stroke by 23% (P=.0003), total CV
events and procedures by 16% (P<.0001), CV mor-
tality by 24% (P=.0010), all-cause mortality by 11%
(P=.025), and new-onset diabetes by 30% (P<.0001)
compared with atenolol-based therapy. Of signifi-
cance was that BP lowering, especially in the first few
months of the trial, was greater with amlodipine than
with the B-blocker. Some observers have suggested
that the differences in BP may have accounted for at
least some of the benefit noted.
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Combining ACEIs and CCBs has also been
reported to result in a lower incidence of periph-
eral edema compared with CCB monotherapy.??
In hypertensive patients aged 65 years or older
in long-term care facilities, a change from high-
dose CCB monotherapy or ACEI/CCB-free com-
bination therapy to ACEI/CCB FDC reduced the
incidence of edema by 75.0% while maintaining
BP control.??

To date, no outcomes trials comparing ACEl/
CCB and ACEI/diuretic FDCs have been reported.
However, the Avoiding Cardiovascular Events
Through Combination Therapy in Patients Living
With Systolic Hypertension (ACCOMPLISH) trial
is currently under way and compares fixed-dose
benazepril/amlodipine with benazepri/HCTZ in
11,454 high-risk patients with hypertension.?*
Early results showed a significant reduction from
baseline in SBP, and the BP control rates achieved
were considered to be the highest of any large mul-
tinational study to date.?’

ACEI/CCB combinations may have advantages
over ACEI/diuretic combinations in terms of a
lower risk of metabolic complications. Diuretics
are associated with some increased risk of meta-
bolic adverse effects such as impaired glucose
tolerance, hypokalemia, hyperuricemia, and blood
lipid changes, especially when used at high doses?®;
however, there is little evidence that metabolic
changes affect CV outcome.?” CCBs are not gen-
erally associated with metabolic adverse effects.
In the Trandolapril-Verapamil in Non-Insulin-
Dependent Diabetes (TRAVEND) study, trandola-
pril/verapamil demonstrated better metabolic con-
trol (glycemic control, glycated hemoglobin) com-
pared with enalapril/HCTZ in patients with type 2
diabetes and albuminuria.?® Also, in the Study of
Trandolapril/Verapamil-SR and Insulin Resistance
(STAR), use of a moderate-dose thiazide diuretic in
hypertensive patients with the metabolic syndrome
worsened glycemic control, even when combined
with an RAAS blocker, whereas trandolapril/vera-
pamil reduced BP without worsening glycemic con-
trol.?? The implications of these findings in terms
of long-term significance require investigation.

When given as monotherapy, the type of CCB
is an important consideration in hypertensive
patients with nephropathy associated with protei-
nuria. A meta-analysis reported that nondihydro-
pyridine CCBs are preferable to dihydropyridine
CCBs when used as monotherapy in this patient
population.’® When combined with an RAAS
blocker, however, the type of CCB has been shown
not to influence outcome.3%-3!
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ARBs Plus Diuretics

Numerous clinical trials have demonstrated the
improved BP-lowering efficacy of an ARB given
with a diuretic compared with ARB or diuret-
ic monotherapy. For example, valsartan/HCTZ
(160/12.5 and 160/25 mg or 320/12.5 and 320/25
mg) produced significantly (P<.05) greater reduc-
tions in BP (-27.9/-10.2 mm Hg and -28.3/~10.1
mm Hg) than valsartan monotherapy (-20.7/-6.6
mm Hg) and significantly higher response rates
(=75% vs 59%) in patients with stage 2 or 3 systolic
hypertension.3?33 Similarly, the BP-lowering efficacy
of losartan/HCTZ (50/12.5 mg) has been shown to
be significantly greater than losartan monotherapy
in patients with mild to moderate’* and severe’’
hypertension. In another study, irbesartan/HCTZ
(300/25 mg/d) significantly reduced (P<.001) SBP
and DBP (-22.7/-13.4 mm Hg) in patients with
hypertension not controlled with full-dose single
therapy or low-dose combination therapy.3® These
benefits were expected in view of the specific effects
of these agents when given together.

Although no published outcomes trials have
prospectively evaluated ARB/diuretic combina-
tions, a high percentage of patients received HCTZ
in most of the ARB outcome studies.>’-3% In the
Losartan Intervention for Endpoint Reduction in
Hypertension (LIFE) study, 70% of patients took
HCTZ in addition to the study drug (losartan
or atenolol). In the losartan group, the primary
composite end point of CV death, myocardial
infarction, or stroke was reduced by 13% (P=.021)
compared with the atenolol group.3” Most of the
benefit was related to a reduction in stroke inci-
dence. In the Study on Cognition and Prognosis
in the Elderly (SCOPE), 59% of candesartan
(ARB)-treated patients and 62% of patients in
the placebo group (open-label antihypertensive
therapy added as required) were taking baseline or
added HCTZ.3° The primary composite end points
of CV death, myocardial infarction, and stroke
were reduced by 11% (P=.19) in the candesartan
group compared with non-ARB therapy (74%
received open-label antihypertensive treatment).
In the Valsartan Antihypertensive Long-Term Use
Evaluation (VALUE) in patients aged 50 years or
older with untreated or treated hypertension and at
high risk for cardiac events, 25% of those treated
with the ARB valsartan (and 24% of those treated
with amlodipine) received additional HCTZ and
48% (41% in the amlodipine group) received
HCTZ and/or other agents.’® Results showed that
despite a greater reduction in BP with amlodipine-
based therapy, there were no significant differences
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between the 2 treatments in the incidence of the
primary end point, defined as cardiac mortality
and morbidity (10.6% valsartan vs 10.4% amlo-
dipine, respectively); however, new-onset diabetes
and hospitalization for heart failure favored val-
sartan therapy.*? Fewer cases of myocardial infarc-
tion were reported for amlodipine, however.® The
VALUE trial illustrated the importance of early
reductions in BP, with a significantly lower risk of
cardiac events, stroke, or death in patients classi-
fied as “immediate responders,” compared with
patients classified as “delayed responders.”*? Early
use of antihypertensive combinations might help to
achieve reductions in BP over a shorter time frame
since many physicians fail to maximally dose-
titrate individual antihypertensive agents. This
primarily relates to real or perceived increases in
adverse effects. Consequently, BP goals are not
achieved in many patients, or reaching them takes
an inordinately long period of time.*!

A disadvantage of initial treatment with most
FDCs is the limitation of individual component
dosing flexibility. Most FDCs have 2 dose combi-
nations, although there are some with 3 or 4 dose
combinations that take full advantage of the fact
that physicians should dose-titrate. Moreover, the
higher-dose FDCs have similar efficacy and better
adverse effect profiles than maximum doses of the
individual components alone.”*? Studies have also
shown that titration to the maximum dose of a
single agent does not provide the same antihyper-
tensive effect as starting with a FDC and titrating
the combination.” Thus, while most FDCs do not
provide much dosing flexibility, some of the newer
agents do provide more than enough possibilities to
allow for dosing flexibility. Both the Seventh Report
of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High
Blood Pressure (JNC 7)? and the latest European
guidelines®® have supported the concept of 2-drug
therapy as initial treatment in selected patients.

Combining ARBs and HCTZ may attenuate the
metabolic effects of thiazide diuretics.** For exam-
ple, hypokalemia is reduced in the presence of an
ARB,*® and the tendency to produce hyperglycemia
and new-onset diabetes mellitus with thiazides may
be offset by the effects of ARBs, the use of which has
been observed to result in fewer episodes of new-
onset diabetes than some other agents.3”-38

Optimizing Efficacy and Tolerability

It is well known that even with the use of several
different antihypertensive agents, adverse effects
may remain an issue. For instance, the frequency
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Figure 2. Increases in ankle-foot volume (AFV) associ-
ated with amlodipine and amlodipinelvalsartan combi-
nation therapy. The thick line is the median value, the
upper and lower limits of the rectangle correspond to the
standard deviation, and the narrow columns correspond
to the upper and lower range limits. "P<.01 vs amlo-
dipine. Adapted with permission from Fogari et al.*$

of cough with ACEIs remains the same, and the
adverse effects of B-blockers may still occur. The
combination of an ARB and a CCB may have a
favorable profile because of the good tolerability
of ARBs. The efficacy of an ARB/CCB combina-
tion compared with ARB or CCB monotherapy to
lower BP has been demonstrated in several clinical
studies.*®*” A small number of studies have exam-
ined combination amlodipine/valsartan therapy. In
a crossover study involving 80 patients with grade
1 or 2 hypertension, the efficacy and tolerability of
amlodipine/valsartan (10/160 mg) was compared
with that of amlodipine (10 mg) and valsartan
(160 mg) monotherapy. While both monotherapies
significantly (P<.01 vs baseline) reduced SBP (-16.9
and -14.5 mm Hg, respectively) and DBP (-12.9
and -10.2 mm Hg, respectively), this reduction
was further increased with amlodipine/valsartan
therapy (SBP, -22.9 mm Hg; DBP, -16.8 mm Hg;
P<.01).*8 As with many other trials, it was expected
that 2-drug therapy would be more effective than
single-drug treatment. In addition, ankle-foot vol-
ume increase was significantly (P<.01) lower with
the combination than with amlodipine alone (Figure
2). The reduction in peripheral edema most likely
results from a more balanced arterial and venous
dilation during the use of an ARB/CCB combination,
compared with a greater dilation of the arteriolar vs
venous circulation during CCB monotherapy.*®
Another possible benefit of this combination
is the potential for an ARB to reduce atrial
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fibrillation. Data from the LIFE study demonstrate
this benefit.*’ In a separate study,’® therapy with
an ARB/CCB combination was found to be more
effective than atenolol/amlodipine in preventing
new episodes of atrial fibrillation.

CONCLUSIONS

Many patients have hypertension that requires
multiple antihypertensive agents to achieve BP
targets, and FDCs provide a convenient means of
delivering such therapy. This is particularly impor-
tant in patients with stage 2 hypertension. While
many FDCs are available, most clinical evidence
supports the use of an RAAS blocker (ACEI or
ARB) combined with a diuretic. Some studies of
an ACEI/CCB have also reported a reduction in
CV events. CCBs may have advantages over diuret-
ics in terms of metabolic changes. It has not been
determined whether a thiazide diuretic or CCB
with an RAAS blocker is a more effective treatment
to reduce events or whether a CCB/RAAS blocker
is more resistant to the effect of salt in the diet
compared with a thiazide-based RAAS blocker. It
is important to note that all of these combinations
provide effective BP control.
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