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critical appraisal ❖ évaluation critique

Heart Outcomes Prevention Evaluation
(HOPE) study investigators. Effects of an
angiotensin-converting–enzyme inhibitor,
ramipril, on cardiovascular events in high risk
patients. N Engl J Med 2000;342:145-53.

Research question
Does an angiotensin-conver ting enzyme (ACE)
inhibitor improve morbidity and mortality in patients
with no evidence of left ventricular dysfunction or heart
failure but at risk for cardiovascular events?

Type of article and design
Multicentre, international, prospective, double-blind,
placebo-controlled trial.

Relevance to family physicians
HOPE is a fitting name for what might be one of the
most important studies published at the dawn of the
new millennium. If the results of this paper stand up to
scrutiny, they should not only change the way we treat
coronary artery disease (CAD), but also the way we
think about the risk factors involved in genesis of CAD.

We are all aware of the various levels of evidence for
using various classes of cardiac medications for various
combinations of cardiac disease.1,2 The multitude of car-
diac medications overwhelms both patients and physi-
cians and af fects the compliance of both. This trial
attempts to convince us that ACE inhibitors should
probably be given earlier, prescribed more often, and
continued longer than many other cardiac medications.
It attempts to expand vastly the indications for ACE
inhibitors to patients for whom you might previously
have only considered using acetyl-
salicylic acid (ASA).

The study uses casefinding to
determine which patients might
benefit from treatment with an
ACE inhibitor, ramipril. If the
study’s results are significant,
they advocate for using ramipril
for secondary prevention of car-
diovascular disease and stroke.

The inclusion and exclusion criteria in the following
section might help you think of patients in your practice
that would fit. There are probably quite a few.

Overview of study and outcomes
This study had a two-by-two factorial design (two inde-
pendent studies carried out on the same group of
patients). It evaluates the ef fect of vitamin E and
ramipril on the morbidity and mortality of patients with
diabetes or evidence of vascular disease and one risk
factor for heart disease but no evidence of left ventricu-
lar failure. The article reviews results of the ramipril
study. The vitamin E study showed no benefit of vitamin
E in reducing either primary or secondary end points.3

In the ramipril study, 9541 subjects from 267 differ-
ent centres (half of them in Canada and the others in
the United States, western Europe, Argentina, Brazil,
and Mexico) were randomized to placebo (n = 4652),
low-dose (2.5 mg) ramipril (n = 244), or 10 mg of
ramipril (n = 4645). The highest dose of ramipril was
titrated up to 10 mg over 4 weeks.

To be included, subjects had to be at least 55 years
old, have a history of CAD, stroke, peripheral vascular
disease, or diabetes mellitus, and have at least one other
cardiovascular risk factor (hypertension, smoking, dys-
lipidemia, or microalbuminuria). Exclusion criteria were
a history of congestive heart failure or evidence of an
ejection fraction smaller than 40% (we already know
ACE inhibitors benefit these patients), prior and ongo-
ing treatment with ACE inhibitors or vitamin E, myocar-
dial infarction (MI) or stroke within 4 weeks of the
study, uncontrolled hypertension, or overt nephropathy.
A run-in phase of 2.5 mg of ramipril daily for 7 to 10

days followed by placebo for 10 to
14 days excluded 1035 subjects
before randomization due to non-
compliance, withdrawal of con-
sent, side ef fects, or abnormal
creatinine or potassium levels.

The study’s primary end point
was a composite of MI, stroke,
and cardiac death, each of which
was also analyzed separately.
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Secondary end points included mortality from all caus-
es, need for cardiac revascularization, and hospitaliza-
tion for unstable angina or congestive heart failure or
any complication of diabetes.

There was intention-to-treat analysis. All subjects
enrolled in the study remained in the study, regardless
of whether they discontinued treatment, in order to
track the end points. The power of the study was set at
90% (α = 0.05). The authors calculated that 9000
patients would be needed to detect a 13.5% relative risk
reduction over 5 years.

The study was funded by the Medical Research
Council of Canada, Hoechst Marion Roussel (makers of
ramipril), and the manufacturers of a natural vitamin E
supplement. Physicians at McMaster University coordi-
nated the study.

Results
After a mean follow up of 4.4 years, a highly significant
reduction in cardiovascular end points was seen among
patients taking ramipril, so the study was stopped early.
Mean age of participants was 66 years; about half were
between 55 and 65 years old. About 80% had evidence
of CAD, 39% had diabetes, and 47% had hypertension.
Women made up 27% of the study group. Patients in
each group had similar baseline characteristics. It was
interesting to note that, despite their substantial risk of
cardiovascular disease, only about 76% of patients were
taking ASA daily. Risk reductions for primar y end
points are summarized in Table 1.

Benefit was also shown through secondary and sur-
rogate outcome measures, the most significant of these

being need for revascularization (number needed to
treat [NNT] = 43), complications related to diabetes
(NNT = 85), new diagnosis of diabetes (NNT = 88), and
worsening angina (NNT = 42).

Many patients permanently discontinued treatment
during the study: 29% of patients taking ramipril and
27% of patients in the placebo group. The most common
reason for discontinuing treatment in both groups (24%
in the ramipril group and 23% in the placebo group) was
unspecified, but 7.3% of patients in the ramipril group
discontinued due to cough.

The effect of 10 mg of ramipril on blood pressure
was negligible. The benefit of 2.5 mg of ramipril
appeared to be less than that of 10 mg in reducing the
primary composite end point, but the number of events
was small, and statistical analysis was not provided.
Trends over time indicate that the benefits of ramipril
probably increase beyond the duration of the study
period.

Analysis of methodology
There are no apparent weaknesses in the study’s ran-
domization, methods, or analysis. The study was multi-
national, but about half the participants were from
Canada so quite representative of patients we see in our
offices. A secondary analysis was done to understand
how results might have differed if all patients with low
ejection fractions were excluded. Some of the surrogate
outcomes will undoubtedly generate future papers.

About 28% of subjects dropped out of the study, but
their end points were included in the final analysis.
This is appropriate for the study design, but is one of
the problems with an intention-to-treat analysis. For
example, in this study, the authors did not include sepa-
rate data for those who discontinued treatment, so it is
impossible for us to know what percentage of the mor-
bidity and mortality they accounted for in each group.
If secondary analysis had shown that subjects who con-
tinued to take ramipril did better than those who did
not, it would have added weight to their already con-
vincing data. On the other hand, including subjects who
discontinued treatment in the final results more closely
approximates the effect of starting therapy in our own
patients, some of whom are likely to discontinue treat-
ment for a variety of reasons.

Presentation of results did not provide clinically use-
ful statistics, such as the NNT or absolute risk reduc-
tions. Also, we are seldom reminded that results were
derived from 4.4 years of treatment. All this makes it
difficult to put these rather significant results into con-
text. There were minor calculation errors in the out-
come tables due to rounding, but these did not affect
interpretation of results.

END POINT

RAMIPRIL
GROUP
(N = 4645)

PLACEBO
GROUP
(N = 4652)

RRR
(%)

ARR
(%) NNT

Myocardial 
infarction, stroke, 
or cardiac death

651 826 21 3.7 27

Myocardial 
infarction

459 570 19 2.4 42

Stroke 156 226 31 1.5 67

Cardiac mortality 282 377 25 2.0 49

All-cause mortality 482 569 15 1.9 54

Table 1. Summary of results: Primary end
points* after treatment with 10mg of ramipril for a
mean duration of 4.4 years.

ARR—Absolute risk reduction, 
NNT—Number needed to treat, 
RRR—Relative risk reduction.
*Subgroups are not mutually exclusive.
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Application to clinical practice
It will be interesting to see how well we apply this new
information to our clinical practice. The benefits of tak-
ing ASA daily are widely accepted by the public.4 For
secondary prevention of cardiovascular events, includ-
ing stroke and death, ASA has an absolute risk reduc-
tion of 5.1% over 4 years. Yet only about 75% of the
patients in this study were taking ASA daily, even
though they were under the care of cardiovascular spe-
cialists.

This leaves us with a few obvious questions. What
are the barriers to placing patients such as these on
ASA? Will the challenges be even greater for starting
them on ramipril? Also, how do ACE inhibitors affect
the benefit of other drugs commonly used for patients
with cardiovascular disease? Some studies have sug-
gested that the benefits of ASA and ACE inhibitors are
smaller when they are used in combination. Although
this study’s subgroup analysis suggested that benefit
was observed whether or not patients were also taking
ASA, specific results were not reported. Does the dose
of ASA matter? Did use of β-blockers confer additional
benefits?

The findings of this study lend further support to
the idea that a disturbance in function of the renin-
angiotensin-aldosterone system is probably an indepen-
dent risk factor for cardiovascular disease. This
speculation is made because it makes sense on a molec-
ular level and because improvements in cardiovascular
disease far exceed the benefits that accrue from blood
pressure reduction alone. As we saw in the recent
Randomized Aldactone Study Investigators trial,5 modi-
fying the renin-angiotensin-aldosterone system appears
to encourage vascular remodeling. Since some hypoth-
esize that spironololactone does a better job at sup-
pressing the renin-angiotensin-aldosterone system than
ACE inhibitors, it would be interesting to see what
effect spironolactone6 has on patients similar to those
in this study.

It is also intriguing that there was a significant
reduction in onset of new diabetes in this study.
Although this is only a surrogate outcome, it adds
weight to speculation that there might be an
endocrinologic intertwining of some independent risk
factors for cardiovascular disease, such as dyslipi-
demia, diabetes mellitus, and vascular tissue damage,
when the function of the renin-angiotensin-aldosterone
system is altered.

For applying the results to our own patients, several
cautions deserve mention. The dose of ramipril in the
study was 10 mg; lower doses might not be as benefi-
cial. It is not clear whether the results of this study can
be generalized to other ACE inhibitors because “tissue

specificity” might be relevant. Also, we should not
extrapolate the results to justify using angiotensin-
receptor blockers in patients who do not tolerate
ramipril.

The results of this trial are important and should
change our medical practice. They give us another way
to practise preventive medicine for our patients at risk
of cardiovascular and cerebrovascular events. Along
with smoking cessation, diet, exercise, lipid lowering,
blood-pressure control, ASA therapy, β-blockers, and
probably hormone replacement therapy, we now have
excellent evidence for using ramipril for secondary pre-
vention of CAD and stroke.

Bottom line
• Ramipril at 10 mg daily was well tolerated and

effective for prevention of cardiovascular disease,
stroke, and related mortality in patients with dia-
betes or cardiovascular disease but no evidence of
heart failure.

• The benefits of ramipril on the cardiovascular sys-
tem far exceed those provided by reducing blood
pressure alone. Alterations in the renin-angiotensin-
aldosterone system are likely an independent risk
factor for cardiovascular disease.

• The results of this study expand the indications for
ACE inhibitors in our practice. Ramipril should be
prescribed for secondary prevention of cardiovascu-
lar disease and stroke.
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