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INTRODUCTION

The renin-angiotensin-aldosterone system (RAAS) is a crucial
mechanism by which our bodies maintain blood pressure

and fluid & electrolyte balance. Any disruption to this system
may upset the carefully maintained equilibrium, leading to
development of hypertension and cardiovascular (CV) diseases.

Thus, RAAS has been a key therapeutic target in hypertension
since the serendipity discovery of angiotensin converting
enzyme inhibitors (ACEis) in the 1970s. The use of ACEis have
also evolved over the decades, from a stand-alone blood
pressure (BP) lowering agent to critical underpinnings of CV
protection in high-risk patients following improved elucidation of
its role.

ACEis CONFERS BROAD CV PROTECTION

Captopril, the first ACEi, was introduced into routine clinical
practice back in 1981. However, it took another half a dozen
years before the first randomized clinical trial (RCT) to
investigate the effects of ACEis in severe heart failure — the
CONSENSUS study was published." Although it was a small
study with 253 subjects, it was momentous nevertheless as it
showed patients randomized to enalapril had a massive 40%
reduction in mortality at 6 months compared with placebo. This
sparked great optimism in the potential for ACEis to save lives
in those with established CV diseases, and at the same fueled
intense research into the value of ACEi amongst patients with CV
risks but without an established disease.

The first major
study however
to demonstrate
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as part of standard care for the treatment of heart failure, with
evidence from subsequent trials like SAVE and V-HeFT 11.34

Before long, its use was extended to patients post myocardial
infarction (MI). In the AIRE and TRACE placebo-controlled study,
patients assigned to ramipril and trandolapril within a few days
of Ml had a subsequent 27% and 22% relative risk reduction in
mortality respectively.® ¢ In addition, patients in the trandolapril
treatment arm in the TRACE study had a 29% lesser chance

of progressing to severe heart failure. In what remains as still

the largest RCT involving an ACEi, the ISIS-4 study, over 58000
patients were randomized to either captopril or placebo following
suspected acute MI.7 Captopril treatment was associated with
almost 5 fewer deaths for every 1000 patients treated for just a
month.

CV PROTECTION IN LOWER RISK PATIENTS

By the late 1990s, the protective role of ACEis in heart failure and
in post MI became indisputable. Nonetheless, it still remained
ambiguous whether or not this degree of protection could be
replicated in a relatively lower risk group of patients who may
have multiple CV risk factors, but are otherwise stable with no
evidence of heart failure or recent acute MI.

At the turn of the century, in what will become a landmark CV
trial, the HOPE study reported its findings.® More than 9000
patients who are 55 years or older with either stable CV disease
or diabetes plus one other CV risk factor, were randomised to
ramipril treatment or placebo arm for over 5 years. Despite only a

Figure 1: Incidence of the Primary Outcome and of Deaths from Any Cause of the HOPE trial.
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around 50
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patients. In the
years to follow,
ACEis firmly
cemented its place

*CI denotes confidence interval.
1P values were calculated with use of the log-rank test.

tIn the substudy, 34 of 244 paticnts (13.9 percent) assigned to take a low dose of ramipril (2.5 mg per day) reached
the composite end point, as compared with 31 of 244 assigned to take 10 mg of ramipril per day (12.7 percent) and 41
of 244 assigned to placebo (16.8 percent). The inclusion of the data from the low-dose group did not change the ovenll
results (relative risk of the primary outcome, 0.78; 95 percent confidence interval, 0.70 to 0.86).

§All patients with this outcome are incduded.
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very minimal BP reductions of 3/2 mm Hg, the implications were
far reaching - with 26% reductions in death from CV causes,
20% reductions in MI, 32% lower stroke incidences and a 23%
reduction in heart failure presentations in the treatment arm.

The subsequent EUROPA study was fundamentally very much
alike the HOPE trial, in which patients with stable CV disease
were randomised to either perindopril or placebo.® However,
the EUROPA study intended to examine the effectiveness of
using ACEis in an even more lower risk group of patients. Not
only EUROPA study recruited much younger patients than the
HOPE study, it also recruited substantially lesser hypertensives
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events and induced less diabetes than the former despite almost
exact blood pressure reductions in both arms.™

Finally, another group of patients who have derived significant
benefits from ACEis are those with diabetes and diabetic
nephropathy. The first suggestion that ACEis may help in

this population was gathered from the HOPE study, in which

in addition to the CV benefits discussed above, patients
receiving ramipril also had a 16% reduction in diabetes related
complications.® This stimulated further examinations into this
new discovery, with a substudy of the main HOPE study, called
the MICRO HOPE study reporting even more striking findings

and diabetic patients than
the HOPE study. Despite

this and notwithstanding a
modest BP reductions of 5/2
mm Hg during the double-
blinded treatment, patients
taking perindopril had a 22%
reduction in non-fatal Ml
compared to placebo. With
these two trials, ACEis were
now no longer drugs merely
to lower BP or to treat cardiac
remodeling following acute
heart failure or M, they are
now therapy to prevent them.

Intriguingly, the first study to
investigate the role of an ACEi
in hypertension had to wait
until 1999 when the CAPPP
study was published — 18
years after ACEi became
available.” Since then
large-scale studies have
reported their evaluations

via ANBP 2 trial, HYVET

trial and the ASCOT study.
ANBP 2 trial demonstrated
superiority of enalapril

over hydrochlorothiazide

in CV outcomes, including
death, despite no significant
differences in BP."" Meanwhile,
the HYVET trial showed

in patients aged 80 years
and above, treatment

with indapamide plus
perindopril demonstrated
huge reductions in all

cause mortality, CV death,
and incidences of stroke

& heart failure, compared
with placebo.' Last but not
least, in the landmark ASCOT
study, where patients were
randomized to an atenolol
plus bendroflumethiazide or
amlodipine plus perindopril
treatment, subjects in the
latter treatment arm had
significantly lesser adverse CV

Figure 2: Effects of study treatment on deaths, coronary events, cerebrovascular events, renal
events and eye events of the ADVANCE Trial.
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* Other coronary events=unstable angina requiring hospitalisation, coronary revascularisation or silent
myocardial infarction. tOther cerebrovascular events=transient ischaemic attack (including amaurosis fugax)
or subarachnoid haemorrhage. Black squares=point estimates (with area proportional to number of events);
horizontal lines=95% CI. Diamonds=point estimate and 95% CI for overall effects. Vertical broken lines=point
estimates for overall effect, within categories.
* ADVANCE study consisted of 11140 patients with type 2 diabetes who were randomised to treatment with
a fixed combination of perindopril and indapamide or matching placebo, in addition to current therapy. The
primary endpoints were composites of major macrovascular and microvascular events, defined as death from

cardiovascular disease, non-fatal stroke or non-fatal myocardial
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when only the diabetic populations were analyzed.™ Whilst the
parent HOPE study showed a reduction of 26% in CV death in
the ramipril treatment arm, the reduction became even more
pronounced at 37% when only patients with diabetes examined
in the MIRCO HOPE study. In addition, overt nephropathy was
reduced by 24% in the same study in patients receiving ramipril.
This renal protective effect was also replicated amongst type 1
diabetic patients with nephropathy in a pivotal study involving
409 patients who were randomized to captopril versus placebo.™
Treatment with captopril for a median of 3 years showed a
staggering 50% relative risk reduction in combined endpoints

of death, dialysis and transplantation, with the protective effects
more marked than what could be expected with BP lowering
effects alone. Not only were ACEis fast
becoming a therapy for nephropathy and
to reduce adverse CV events amongst
patients with diabetes, it also showed in
subsequent studies to be able to prevent
nephropathy in diabetic patients with no
proteinuria. For example, in the ADVANCE
trial, patients subjected to treatment with .
fixed combination of perindopril and .al
4
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similar BP reductions of 26/12 mm Hg in both the groups at 5
years." Again, in the AASK trial, patients who were randomized
to ramipril had slower decline in glomerular filtration rate (GFR),
decrease in urinary protein excretion, and delayed onset of end-
stage renal disease (ESRD) or death, as compared to amlodipine
at 3 years.'® This beneficial effect occurred in the presence of
similar levels of BP control in both groups.

In a meta-analysis involving nearly 180000 patients, a
metaregression examination to delineate the effects of different
variables were performed and it was shown quite evidently that
ACEis reduced the incidence of Ml by 12% on its own, when the
BP reduction variable was isolated."

Figure 3: Relationship between ORs for CHD and differences in achieved systolic
BP between randomized groups in trials with experimental treatment based on ACEls
or CCBs. Circles represent individuals’ trials and have a diameter proportional to the
inverse of the variance of the ORs in individual trials.
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Although it is long been suspected by the = T;

proponents of ACEis that its CV benefits
are independent of its BP lowering, the
challenge is however to extricate this
variable from the eventual outcome to
conclusively prove this notion. In the
above-mentioned landmark trials of HOPE
and EUROPA, the significant CV risk
reductions seen with ACEis were in spite
of very minimal BP reductions observed in the treatment group

— between 3/2mm Hg to 5/2mm Hg.8 °® Such small BP reductions
are usually not expected to produce substantial CV events
reduction, let alone in trials where the mean baseline BP of these
trials above are not at a level to be defined as hypertension
(between 133/79 mm Hg - 139/78 mm Hg).

However, more convincing evidences come from studies that
shows when ACEis were compared to other antihypertensive
agents, ACEis can reduce adverse CV events, particularly
MI, despite similar degree of BP reductions. For example, in
the earlier briefly mentioned ANBP 2 trial, patients who were
randomized to ACEis had statistically significant reductions in
MI compared to those assigned to diuretics despite exactly
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This matched cohort meta regression analysis was done based on extracted summary statistics
regarding CHD and stroke from 28 outcome trials that compared either ACEls or CCBs with
diuretics, -blockers, or placebo for a total of 179 122 patients, 9509 incident cases of CHD, and
5971 cases of stroke. CHD included myocardial infarction and coronary death.

The overall benefits conferred by ACEis in patients with
hypertension, diabetes & nephropathy, CV risk factors, heart
failure and post M, in addition to its BP lowering effect, has
increasingly led to its appearances in guidelines for use as part
of first line treatment for these indications.'®2* Angiotensin 2
receptor blockers (ARBs), appearing in the scene years later,
benefitted from the widespread belief that the CV benefits
observed with ACEis will also be duplicated with its use as they
both block the RAAS after all. But after over two decades of
ARB use, coupled with extensive data emerging from clinical
trials, can we confidently claim ACEis and ARBs have the same
beneficial downstream effect? This will be analyzed in extensive
detail in a subsequent installment of this editorial.
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