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Abstract

ELEVATED BLOOD PRESSURE IS ASSOCIATED WITH AN INCREASED risk of cardiovascular ill-
ness and death. Efforts to reduce that risk have led to recommendations for a wide
array of nondrug and drug therapies. Choosing the optimal first-line drug for hyper-
tensive patients should address a hierarchy of treatment goals: decrease in morbid-
ity and mortality associated with hypertension, decrease in blood pressure and
other surrogate markers, good tolerance, dosing convenience and low cost. This ar-
ticle examines the evidence for angiotensin-converting-enzyme (ACE) inhibitors as
a class of first-line antihypertensive drugs in light of these treatment goals. Overall,
the evidence does not support the use of ACE inhibitors as first-line drugs in the
management of most patients with hypertension, although they have proven bene-
fit as second-line drugs for the treatment of congestive heart failure and left ventric-
ular dysfunction secondary to myocardial infarction.

Published evidence indicates that low-dose thiazides are the drugs of first
choice in managing hypertension.1 Evidence for β-blockers as first-line
agents is weak; however, there is substantial evidence of their effectiveness

in hypertension as second-line agents.2 Beyond these 2 classes of drugs, the evi-
dence for long-term health benefits is less well established. In this article I summa-
rize the evidence for the use of angiotensin-converting-enzyme (ACE) inhibitors
as first-line drugs in the management of elevated blood pressure. Captopril was
the first available orally active ACE inhibitor. Many others in the class followed,
and their utilization worldwide has steadily increased since their introduction in
the early 1980s.

What is an ACE inhibitor?

ACE inhibitors modulate the activity of the renin angiotensin system, which has
an important role in regulating blood pressure. The renin angiotensin system in-
creases blood pressure by producing angiotensin II, which has 2 main systemic ac-
tions: it is a potent vasoconstrictor of resistance vessels, and it stimulates the adrenal
cortex to release aldosterone, which increases blood pressure by increasing reten-
tion of sodium and water by the kidney. The ACE inhibitors diminish the activity
of the renin angiotensin system by competitively inhibiting the enzyme responsible
for converting inactive angiotensin I to active angiotensin II. 

What is the evidence that ACE inhibitors reduce cardiovascular
morbidity and mortality?

There are no long-term randomized trials measuring health outcomes in which
ACE inhibitors used as first-line agents in the management of hypertension have
been compared with placebo or an untreated control. In a meta-analysis of the out-
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come evidence for treating hypertension,3 none of the 17
randomized controlled trials comparing active treatment
with untreated control used an ACE inhibitor as a first- or
second-line drug. However, in one recently published trial,4

in which nitrendipine was the first-line drug, the ACE in-
hibitor enalapril was the second-line drug. 

ACE inhibitors have been used as first-line agents in 6
head-to-head randomized controlled trials comparing ACE
inhibitors with other antihypertensive therapies (Table 1).5–10

Four of these trials compared an ACE inhibitor with a cal-
cium-channel blocker (CCB).5–8 These 4 trials were pooled
in a meta-analysis (using Cochrane Review Manager 3.1),
which showed that the ACE inhibitors were associated with
significantly fewer cases of coronary artery disease than
were the CCBs. Of these 4 trials, the 2 smaller ones6,7 in-
volved patients with hypertension and type 2 diabetes; in the
larger trials5,8 more than 89% of patients did not have dia-
betes. In the fourth and fifth of the head-to-head trials,8,9

which involved hypertensive patients mostly without dia-
betes, the ACE inhibitor was compared with a β-blocker or
a thiazide (or both). The sixth head-to-head trial10 compared
captopril with a β-blocker in type 2 diabetic patients with
hypertension. If these last 3 trials are considered as compar-
isons between ACE inhibitors and β-blockers, their results
can be combined and compared with those of the trials
comparing ACE inhibitors with CCBs (Table 1). Whereas
ACE inhibitors yielded better outcomes than CCBs in
terms of coronary artery disease events, patients taking ACE
inhibitors fared similarly to those taking β-blockers in terms
of all 4 adverse-outcome categories. 

Congestive heart failure is a common complication of
hypertension, so evidence related to its treatment is rele-
vant to many hypertensive patients. A recent meta-analy-
sis11 examined the evidence from 32 trials in which 7 differ-
ent ACE inhibitors were compared with controls in the
management of congestive heart failure. The meta-analysis
demonstrated that the ACE inhibitors yielded a highly sig-

nificant benefit in terms of reducing both total mortality
and the combined outcome of mortality or admission to
hospital for congestive heart failure (attributable risk re-
duction 10.2%, number needed to treat 10 for about 3
months). In most of these trials the patients were receiving
diuretics (29 of the 32 trials) and digoxin (26 of the 32 tri-
als) at baseline, and the ACE inhibitor or placebo was
added to the treatment regimen.

There are 4 randomized controlled trials from a recent
systematic review12 in which 4 different ACE inhibitors ad-
ministered for 1.5 to 50 months were compared with
placebo for patients with recent myocardial infarction; the
selection criteria were left ventricular dysfunction, symp-
toms of congestive heart failure or anterior myocardial in-
farction, and no thrombolytic treatment. In each of these
trials total mortality rate and rate of admission to hospital
were significantly lower with the ACE inhibitor than with
placebo. These trials do not provide evidence of the benefit
of ACE inhibitors alone, as more than half of the patients
were receiving other drugs (including diuretics, β-blockers
or CCBs) when they were assigned to the ACE inhibitor or
placebo group. 

Renal disease is also commonly associated with hyper-
tension, as either a cause or a consequence of the condition.
Meta-analyses have shown that ACE inhibitors are effective
in preserving renal function in both diabetic13 and nondia-
betic14 proteinuric nephropathy (more than 3 g/d). For dia-
betic patients the data are consistent with the suggestion
that ACE inhibitors have an overall benefit that is greater
than their effect in reducing blood pressure. However, in
the UK Prospective Diabetes Study10 there was no differ-
ence between the β-blocker and the ACE inhibitor in terms
of blood pressure reduction, renal function or proteinuria.
In a meta-analysis of nondiabetic nephropathy14 the ACE
inhibitors were associated with a lower risk of end-stage re-
nal disease than were other antihypertensive agents, but
they were also associated with a greater decline in blood
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Table 1: Adverse outcomes in randomized controlled trials comparing angiotensin-converting-
enzyme (ACE) inhibitors with other drugs in the management of hypertension

Drug; no. of patients
with event*5–8

Drug; no. of patients
with event*8–10

Outcome
ACE

inhibitor CCB
RR†

(and 95% CI)
ACE

inhibitor β-Blocker
   RR†

   (and 95%CI)

Death 400 388 1.03 (0.90–1.17) 600 583     1.02 (0.92–1.14)
Any cardiovascular
  event§

474 527 0.90 (0.50–1.00) 1005 950     1.05 (0.97–1.14)

Stroke 230 238 0.96 (0.81–1.14) 429 403     1.06 (0.93–1.20)
CAD 156 217 0.72 (0.59–0.87)‡ 364 363     0.99 (0.85–1.14)

Total 3609 3578 8097 8064

Note: CCB = calcium-channel blocker, RR = relative risk, CI = confidence interval, CAD = coronary artery disease.
*Data represent numbers of patients in the treatment group who experienced the outcome of interest.
†An RR value less than 1.0 means that the event rate was lower with the ACE inhibitor than with the other drug; a value greater than 1.0 means that the
event rate was greater with the ACE inhibitor than with the other drug.
‡p < 0.05.
§Includes stroke, CAD, congestive heart failure and other significant vascular events (e.g., ruptured aneurysm).



pressure. At present it is impossible to be sure whether the
beneficial effect of ACE inhibition is due to the decline in
blood pressure or to other effects. 

In summary, ACE inhibitors are effective in reducing
morbidity and mortality in 2 clinical settings commonly as-
sociated with hypertension: congestive heart failure and
renal disease. The bulk of the evidence for their effective-
ness in these settings comes from their use as second-line
agents. 

How efficacious are ACE inhibitors 
in reducing blood pressure and other
surrogate markers?

No meta-analysis has been published on the efficacy of
ACE inhibitors in reducing blood pressure relative to that
of other drug classes. Three randomized controlled tri-
als15–17 were specifically designed to measure the antihyper-
tensive efficacy of single-drug therapy for mild hyperten-
sion. By pooling the results from these trials, it is possible
to compare ACE inhibitors with the other drug classes
(Table 2). Table 2 also includes blood pressure data from 3
of the outcome trials5–7 comparing ACE inhibitors with
CCBs. ACE inhibitors as single agents appear to be signifi-
cantly less efficacious in reducing blood pressure than the
other drug classes. 

A recent meta-analysis18 of 50 trials showed the follow-
ing mean percent reductions (and 95% confidence inter-
vals) in another surrogate marker, left ventricular mass in-
dex, in patients receiving various classes of antihypertensive
drugs: ACE inhibitors, 12% reduction (9.0% to 14.5%);
CCBs, 11% reduction (7.8% to 13.7%); diuretics, 8% re-
duction (3.9% to 11.1%); and β-blockers, 5% reduction
(1.2% to 7.3%). In this meta-analysis, β-blockers were sig-
nificantly less effective than ACE inhibitors and CCBs (p <
0.05), but there were no other significant differences be-
tween drug classes.

A meta-analysis19 of 41 trials measuring protein excre-
tion demonstrated a greater reduction in proteinuria with
ACE inhibitors than with other antihypertensive drugs, de-
spite similar reductions in blood pressure in these trials. 

Do ACE inhibitors and other antihypertensive
drugs differ in tolerability?

In the 3 comparative trials designed to assess this ques-
tion15–17 patients receiving ACE inhibitors did not fare sig-
nificantly worse or better than those receiving other classes
of drugs in terms of withdrawal due to adverse effects or
measures of quality of life. The most frequent problematic
adverse effect with ACE inhibitors is a dry cough, which
occurs in approximately 10% of patients; in half of these
patients the cough is intolerable and necessitates discontin-
uation of therapy.20 Cough is a class effect, occurring with
all ACE inhibitors, and there are no clear differences be-
tween the various drugs in terms of prevalence or severity
of the effect.

Do ACE inhibitors have advantages 
in terms of convenience or cost?

Many of the ACE inhibitors reduce blood pressure for
24 hours and are recommended to be given once daily
(Table 3). This effect is similar to that of other classes for
which once-daily preparations have a convenience advan-
tage. The mean daily cost of ACE inhibitors in Canada
(Table 3) is about 100 times higher than that of hydro-
chlorothiazide (for which the cost is 0.3 to 0.6 cents/d1). 

In which patients with elevated blood
pressure is an ACE inhibitor the drug 
of first choice?

On the basis of the outcome evidence, there are only 2
types of patients with elevated blood pressure in whom an
ACE inhibitor should be considered the drug of first
choice: patients who have had myocardial infarction lead-
ing to left ventricular dysfunction in whom a β-blocker is
contraindicated and a diuretic is not needed, and patients
with diabetic or nondiabetic nephropathy. In other set-
tings in which an ACE inhibitor is indicated, such as hy-
pertension with congestive heart failure, the evidence for
its effectiveness is based on the drug being added to opti-
mal diuretic therapy as a second-line agent. In all other
hypertensive patients a thiazide should be considered
first,1 and β-blockers should be considered second.2 These
2 drug classes have a beneficial effect on morbidity and
mortality that is equal to or better than that of ACE in-
hibitors (Table 1), they reduce blood pressure to a greater
extent than ACE inhibitors (Table 2), and they cost less
than ACE inhibitors1,2 (Table 3). On the basis of the sig-
nificantly better head-to-head outcome evidence from
randomized controlled trials comparing ACE inhibitors
with CCBs, ACE inhibitors are preferable to CCBs as
first-line drugs. 

First-line drugs for hypertension: ACE inhibitors
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Table 2: Efficacy of various antihypertensive agents in reduc-
ing blood pressure, as determined in head-to-head trials5–7,15–17

Type of blood pressure; mean
reduction (and 95% CI), mm Hg

Comparison
No. of

patients Systolic    Diastolic

Thiazide v. ACE
inhibitor 1047 3.6 (1.9 to 5.3)*   0.2 (–0.8 to 1.2)

β-Blocker v. ACE
inhibitor 1032 2.2 (0.5 to 3.9)*   2.3 (1.2 to 3.3)*

CCB v. ACE
inhibitor 3804 3.9 (2.8 to 5.0)*   2.5 (1.8 to 3.2)*

*Reduction was significantly different from zero, p < 0.05.



Are there any clinically significant differences
between the different ACE inhibitors? 

There are very few randomized controlled trials com-
paring one ACE inhibitor with another, and none of these
comparative trials have measured health outcomes. Most of
the small comparative trials have not shown any clinically
significant differences between the various ACE inhibitors. 

Conclusion

Overall, the evidence in light of the hierarchy of treat-
ment goals does not support the use of ACE inhibitors as
first-line drugs in the management of most patients with el-
evated blood pressure. However, there is substantial evi-
dence for the benefit of this class of drugs when given as
second-line therapy in the management of patients with
congestive heart failure and left ventricular dysfunction sec-
ondary to myocardial infarction. In patients with diabetic
and nondiabetic proteinuric nephropathy and elevated
blood pressure, an ACE inhibitor may be appropriate as the
drug of first choice. Additional randomized controlled trials
measuring health outcomes are required to establish
whether ACE inhibitors have any clear advantages over thi-
azides and other classes of drugs in different settings. 
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Table 3: Dosing and cost of ACE inhibitors for the treatment of hypertension

Drug Trade names Usual dosage Daily cost,* $

Benazepril Lotensin 5–40 mg/d 0.61–1.64
Cilazapril Inhibace 1–10 mg/d 0.65–1.69
Captopril Capoten, generic 12.5–50 mg twice daily 0.45–2.38
Enalapril Vasotec 2.5–40 mg/d 0.41–2.36
Fosinopril Monopril 10–40 mg/d 0.84–2.01
Lisinopril Prinivil, Zestril 5–40 mg/d 0.70–2.10
Perindopril Coversyl 2–8 mg/d 0.68–1.28

Quinapril Accupril 5–40 mg/d 0.92†
Ramipril Altace 1.25–10 mg/d 0.72–1.01

*Average BC Pharmacare cost in 1999; prices may vary from one province to another.
†Cost is the same regardless of dose.
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