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Arterial hypertension is extremely frequent in
patients with diabetes mellitus. After 30 years, at least
50% of patients with type 1 diabetes and 67% of those
with type 2 diabetes have hypertension. This is associated
with a marked increase in cardiovascular (CV) risk.
Various trials have confirmed that blood pressure (BP)
reduction is crucial to reduce CV risk; however, although
most of these trials have included patients with diabetes,
there are limitations associated with their recommendations for this patient group. The BP-lowering arm of the
ADVANCE study, reported at the recent European Society
of Cardiology Congress, examined the effects of a combination of perindopril and indapamide in lowering BP in
>11,000 patients with type 2 diabetes to ascertain if the
risk of major macrovascular and microvascular disease
would be reduced with this treatment. These results are
presented in this issue of Cardiology Scientific Update.

Blood pressure, diabetes, and CV prognosis –
trial data
Data from the Multiple Risk Factor Intervention Trial
(MRFIT) demonstrated that, at any blood pressure (BP)
level, diabetic patients have a significantly higher risk of CV
mortality.1 BP reduction results in a decrease in CV events
for diabetic and nondiabetic patients in a manner that is,
to a certain degree, independent of the antihypertensive
drugs used.
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In the Systolic Hypertension in the Elderly Program
(SHEP), diabetic patients with isolated systolic hypertension
had a higher incidence of CV events than nondiabetic
patients; however, the antihypertensive treatment, which was
based on a thiazide diuretic, resulted in similar relative risk
reductions.2 BP reductions in diabetic patients with other
drugs, such as angiotensin-converting enzyme inhibitors
(ACEIs), calcium channel blockers (CCBs), or angiotensin
receptor blockers (ARBs) also result in decreased CV events.3
The conclusion could be inferred that in hypertensive
diabetic patients, CV protection depends substantially on
BP lowering per se, regardless of how it is obtained.
However, challenges to this concept emerged as a result
of a number of clinical trials. For example, in the Intervention as a Goal in Hypertension (INSIGHT) trial, based on
treatment with a CCB, there was excess residual CV risk in
diabetic patients despite similar on-treatment BP levels in
diabetic and nondiabetic patients.4 To address this excess
residual risk, several strategies have been proposed such as
lipid-lowering therapy, antiplatelet treatment, rigorous blood
glucose control, greater BP reduction, lower targets, and the
use of drugs with direct organ-protective properties.
There is evidence to support the use of greater BP reduction and lower targets in diabetic patients. A meta-analysis of
multiple trials performed by the Blood Pressure Lowering
Treatment Trialists’ Group compared the rates of events in
patients with more aggressively treated hypertension with
those who were less aggressively treated. A greater BP reduction – by 6.0 mm Hg systolic and 4.6 mm Hg diastolic – was
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associated with a significant 36% reduction in stroke and
31% reduction in congestive heart failure. There were also
reductions in coronary events and CV events, but they failed
to achieve statistical significance.3
A retrospective analysis of the Irbesartan Diabetic
Nephropathy Trial (IDNT) also demonstrated that diabetic
patients who achieved on-treatment BP levels that were
<130 mm Hg systolic had an almost 40% reduction in the
risk of heart failure compared to those remaining around 140
mm Hg systolic.5
In the diabetic subgroup of the Hypertension Optimal
Treatment (HOT) trial, patients randomized to a target diastolic BP (DBP) of 80 mm Hg had a 50% reduction in major
CV events compared to those randomized to the more traditional target of 90 mm Hg.6
Similar benefits have been observed in diabetic patients
with relatively normal, or only minimally elevated BPs, such
as those enrolled in the MICRO-HOPE substudy that included
3,577 high-risk diabetic patients randomized to an ACEI or
placebo. Patients treated with the ACEI had significant
reductions in myocardial infarction (MI), stroke, CV death,
total mortality, and microvascular disease.7
In a small study, the Appropriate Blood Pressure Control
in Diabetes (ABCD) study, patients with moderate BP reduction (on-treatment level of 137/81 mm Hg) were compared
with patients treated with more intensive BP-lowering to a
level of 128/75 mm Hg. The latter had a significant reduction
in the risk of stroke compared with the less intensivelytreated patients.8

Limitations of these studies in regards
to diabetic patients
Evidence from the above studies led to the inclusion of
recommendations for more aggressive BP lowering in diabetic patients in the major guidelines, as well as the initiation
of treatment at high normal BP levels (≥130/85 mm Hg in
the recent European guidelines or ≥130/80 mm Hg in the
Canadian guidelines), and the use of drugs that target the
renin-angiotensin system.9,10
However, there are some limitations for these recommendations in the guidelines – as they pertain to diabetic patients
– that need to be acknowledged. These include the fact that
few specific studies have been conducted; the studies have
often been small in size; the data are largely based on subgroup analysis of studies on general hypertensive populations;
the studies make extensive use of retrospective analysis; the
CV endpoints were often secondary outcomes of studies with
primary renal endpoints; and evidence is particularly limited
about the benefits of treating individuals in the normotensive
range (defined as a BP of <140/90 mm Hg).
Another important aspect that should be considered is
the complexity of treating hypertension in diabetic patients.

Most studies have demonstrated the need to use multiple
drugs, since monotherapy is almost always insufficient to
control BP to recommended targets in this patient population.11-13 Some guidelines, however, are somewhat circumspect about recommending combination therapy, given the
potential need for a large number of pills, the issue of cost,
and the possibility of increased side effects, among other
reasons. Moreover, an analysis of studies that included hypertensive diabetic patients revealed that most could not lower
SBP below 140 mm Hg (an average on-treatment value) in
these patients and not a single study reached the recommended target of 130 mm Hg.14
There is a significant need, therefore, for more effective,
simpler, and safer treatments to achieve greater BP reductions
and better long-term BP control in diabetic patients that
could lead to reduced morbidity and mortality. This is even
more important in the clinical setting, in which the levels of
BP control observed in clinical trials are rarely achieved and
the difficulties outlined above are often magnified. For
example, the ForLife study, conducted in Italy, assessed BP
control in >12,000 patients followed by general practitioners,
including 2,491 with diabetes. Only 14.9% of the diabetic
patients achieved BP levels of <140/90 mm Hg and only a
minute number (3.0%) had their BP lowered to the guideline-recommended level of <130/80 mm Hg.13

The ADVANCE study
It is currently estimated that there are 247 million people
with diabetes in the world and this number is projected to
reach 380 million in the year 2025, an increase of 55% in the
next 2 decades alone. It is recognized that most people with
diabetes will die from the vascular complications of the
disease, rather than from its metabolic complications.
The United Kingdom Prospective Diabetes Study
(UKPDS) demonstrated that tighter BP control reduced the
risk of any clinical endpoint, fatal or nonfatal, related to
diabetes. It also demonstrated a continuous relationship
between BP levels and risk of macrovascular and microvascular events.16 However, all subjects included in UKPDS
started in the hypertensive range and were still in that range
at study conclusion. The less tightly-controlled group
finished with a SBP of 154 mm Hg, while the more tightlycontrolled group had a level of 145 mm Hg.

Rationale
This is the landscape in which the “Action in Diabetes
and Vascular Disease: Preterax and Diamicron MR Controlled Evaluation” (ADVANCE) study was conceived.17 (The
fixed combination of perindopril and indapamide is known
by the trade name COVERSYL Plus in Canada.) In 2000,
ADVANCE was designed to address these unresolved
questions: Does BP-lowering therapy in diabetics produce
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additional benefits when SBP is lowered to <145 mm Hg,
going beyond UKPDS and into the normotensive range;
would BP lowering result in similar benefits in hypertensive
and nonhypertensive patients; and would it add to the benefits
of other CV preventive therapies, including ACEIs?

Design
ADVANCE is a factorial, randomized trial of BP-lowering
and intensive glucose control in 11,140 patients with type 2
diabetes. The BP-lowering arm was recently reported, while
the intensive glucose-control arm is ongoing.18 The factorial
design included a double-blind, placebo-controlled comparison of BP-lowering with a fixed combination of perindopril
and indapamide and an open comparison (PROBE design
[prospective, randomized, open-label therapy with blind
endpoint analysis]) of a glicazide MR-based regimen for
intensive glucose control.
The 11,140 patients were from a wide range of geographic regions, including Caucasian and Asian patients from
multiple countries and continents, and were followed for
4-5 years. The hypotheses were that among individuals with
type 2 diabetes, the routine addition of a fixed combination
of perindopril and indapamide would reduce the risks of
major macrovascular disease (including coronary disease,
cerebrovascular disease, or death from CV disease), and
major microvascular disease (including new or worsening
nephropathy or diabetic eye disease). Additionally, it was
hypothesized that these results would occur irrespective of
initial BP or the background use of other preventive therapies, including ACEIs.
Randomization followed a 6-week, run-in period, during
which patients were given open-label perindopril and
indapamide. Patients were randomized to the perindoprilindapamide fixed-combination or placebo in the BP-lowering
arm, and in the glucose control arm to intensive therapy
targeting an A1c level of 6.5% or to standard glucose control
according to local guidelines.
The inclusion criteria included type 2 diabetes, age
≥55 years, and additional vascular risk factors that could be
age >65 years, a history of major macrovascular disease,
a history of major microvascular disease, a diagnosis of
diabetes made >10 years prior to entry or one of the major
traditional CV risk factors. Importantly, patients could be
hypertensive or normotensive.
The randomized study treatments in the BP arm were
double-blind perindopril and indapamide versus matching
placebo, starting at a dose of 2 mg of perindopril and 0.625
mg of indapamide for the first 3 months, increasing automatically in all patients to 4 mg and 1.25 mg, respectively,
thereafter. The fixed-combination of perindopril and indapamide was chosen because it has been shown to be very
effective in lowering BP and preventing recurrent strokes and

CV events.19 The combination is well-tolerated and has other
potentially desirable properties, such as reducing arterial stiffness in large arteries and enhancing the function of the microcirculation and tissue perfusion in the heart and kidney.20-25
There was, therefore, a strong rationale to expect clinical
benefits in diabetic patients, in whom vascular disease straddles the microvasculature and the macrovasculature.
Any ancillary antihypertensive treatment that the treating
physician considered necessary was allowed in ADVANCE,
with the exception of thiazide diuretics. Open-label perindopril was made available to the patients if the treating physician considered that an ACEI was indicated. The primary
outcomes were a composite macrovascular endpoint that
included: nonfatal stroke, nonfatal MI or death from any CV
cause, including sudden cardiac death, and a composite
microvascular endpoint of new or worsening nephropathy or
diabetic eye disease. It was prespecified that the macrovascular and the microvascular endpoints would be analyzed
jointly, as well as separately.

Study population
A total of 12,877 patients were registered and 11,140
were randomized after the 6-week run-in period. The study
population represented a broad cross-section of diabetic
patients from Australia, New Zealand, several countries in
the Asia-Pacific region (including large numbers of patients
from India, China, Malaysia, and the Philippines, among
others), Europe, and Canada. At baseline, the mean age of
the patients was 65 years and SBP was 145 mm Hg, which is
exactly where UKPDS left off. The DBP was normal at 81 mm
Hg and hemoglobin A1c was 7.5%.

ADVANCE Study:
morbidity and mortality results
After randomization, there were 5,569 patients assigned
to the perindopril-indapamide combination and 5,571 to the
control group. Following an average follow-up period of 4.3
years, only 15 patients were lost to follow-up. The SBP in the
perindopril-indapamide-treated group was 5.6 mm Hg lower
than in the control group. The difference in the DBP was
2.2 mm Hg. The average BP during follow-up was 134.7/
74.8 mm Hg for the combination-treated group compared to
140.3/77.0 mm Hg for the control group (Figure 1). There
was an excellent use of ancillary drug therapy in the study.
For example, in the control group, 83% of the patients
received antihypertensive medications, including 60% of the
patients who were given open-label perindopril.
There was a significant 14% reduction in the secondary
endpoint of all-cause mortality with the perindopril-indapamide combination. The benefits were seen beginning at
12 months and continued to accrue throughout the followup period (Figure 2). The reduction in all-cause mortality
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primarily reflected a reduction in CV deaths, which were
reduced by a significant 18% (Figure 3). The combined
primary outcome of macrovascular and microvascular
events was reduced by 9% (Figure 4). The separate
analysis of these primary outcomes demonstrated nearly
identical beneficial trends for the prevention of both of
these types of events with the perindopril-indapamide
combination. Total coronary events were reduced by a
significant 14%. The reduction of 6% in cerebrovascular
events did not reach statistical significance. There was
also a highly significant 21% reduction in renal events,
including new or worsening nephropathy and new-onset
microalbuminuria. There was a 5% reduction in eye
events with the combination that barely failed to reach
statistical significance.
In terms of the absolute benefits of routine treatment
of similar patients with the combination of perindopril
and indapamide, it would be expected to prevent 1 major
vascular event among 66 treated patients, 1 death among
79 patients, 1 coronary event among 75 patients, and
1 renal event among 20 patients (primarily new-onset
microalbuminuria). These can be considered fairly reasonable benefits in the context of primary or secondary
Figure 2: All-cause mortality
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prevention of CV disease. The benefits of treatment were
present and largely similar in multiple subgroups that
were analyzed (eg, patients aged ±65 years, male or female
sex, SBP ± 140 mm Hg, and hemoglobin A1c ± 7.5%.
Importantly, the benefits were in addition to those
produced by other treatments, including the high use of
open-label ACEIs in the control group, and were achieved
with remarkable safety and tolerability as reflected by
very few withdrawals due to intolerance.

The impact of ADVANCE on the management
of diabetic patients
The analysis of the impact of less intensive versus
more intensive BP-lowering in diabetic patients conducted by the Blood Pressure Lowering Treatment
Trialists’ Collaboration (BPLTTC) suggested the benefits
of the latter approach on the endpoints of stroke, coronary heart disease, and heart failure.3,26 Although not all
of the endpoints reached statistical significance, this
study suggested that diabetic patients did at least as well,
if not better, than nondiabetic hypertensive patients with
the more intensive approach to lowering BP. As discussed
previously, in the UKPDS, lowering SBP to 144 mm Hg
resulted in additional benefits compared to a level of 154
mm Hg in the less intensively-treated diabetic patients.
However, BP levels in these studies would not be considered acceptable at this time.
When ADVANCE was designed, there were several
important unresolved issues related to BP-lowering in
diabetic patients. For instance, it was not known whether
lowering SBP to <145 mm Hg would produce additional
benefits or whether these benefits would be observed
both in hypertensive and nonhypertensive diabetics. The
BP levels of the patients studied in ADVANCE, beginning
where UKPDS left off, are more commonly seen in the
current diabetic population and are, therefore, more
relevant to contemporary clinical practice. Importantly,
in ADVANCE, the treatment of type 2 diabetics with
the fixed perindopril-indapamide combination yielded
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Figure 4: Primary outcomes – Major macro- or microvascular event
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outcome benefits, irrespective of the initial BP or the
background use of other preventive therapies, including
ACE inhibitors.
The risk reduction in coronary events in the study
was almost identical to what would have been expected
based on the results of the BPLTTC. The reduction in
stroke was somewhat less than expected, but the confidence intervals for this endpoint were rather wide and
generally compatible with the previous evidence of the
large number of trials included in the BPLTTC analysis.
The large 14% reduction in total mortality observed in
ADVANCE is greater than would have been expected
from BPLTTC, but the confidence intervals also cross the
expected data from the Collaboration. The reduction in
total mortality was largely driven by an 18% reduction
in CV mortality, which is also greater than expected;
however, the same caution must be exercised as with the
total mortality data.
It is also important to put ADVANCE in context by
comparing it to other similar large trials of diabetic
patients. While UKPDS included 1,148 patients and
Table 1: ADVANCE in context: Comparative patient
profiles: UKPDS, MICRO-HOPE, ADVANCE
UKPDS MICRO-HOPE ADVANCE
BP levels (mm Hg)
145/82
Active treatment at end follow-up

139/77

136/73

No

Yes

No

+

++

8.3%

9.5%

6.9%

+++
++

+++
+++

+
+

Use of background ACEI No
Use of statins
A1c end follow-up
Event rate,
Total and CV mortality
Stroke

MICRO-HOPE included 3,577, ADVANCE is a much
larger trial, including >11,000 patients. Additionally,
ADVANCE took BP to levels that are lower than in the
other 2 studies (UKPDS: 145/82 mm Hg, MICRO-HOPE:
139 / 77 mm Hg, and ADVANCE: 136 / 73 mm Hg),
providing strong evidence to support more aggressive
BP-lowering in diabetic patients. The use of statins was
greater in ADVANCE than in MICRO-HOPE, while no
statins were used in UKPDS. Glucose control was also
much better in ADVANCE as reflected by A1c levels of
6.9%, as compared to 8.3% in UKPDS and 9.5% in
MICRO-HOPE.7,16-18 The event rates for total mortality,
CV mortality, and stroke were lower in ADVANCE than
in the other 2 studies, reflecting the fact that this was a
lower risk population treated with more appropriate
contemporary CV preventive therapies (Table 1).

Summary
The potential implications of ADVANCE can be estimated by examining the current prevalence of diabetes
worldwide, which is estimated to be 246 million. Treating
only half of the population with the fixed combination
used in ADVANCE would have the potential of averting
311,000 deaths per year, based on a number needed to
treat (NNT) of 79 patients for 5 years to prevent 1 death.
This exercise assumes, of course, that the NNT can be
generalized to the overall diabetic population and is
simply meant to illustrate the potentially massive impact
of a wide application of the findings of ADVANCE.
Currently, the United States (JNC-7) and European
(ESH-ESC) guidelines for the treatment of hypertension
recommend the use of 2-drug combination therapy as
first-line treatment under certain circumstances. For
instance, the latter includes patients at high-risk, such as
diabetics, as one of the possible situations in which a
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low-dose 2-drug combination could be used as first-line
treatment.
It must be noted, however, that no large clinical trial
evidence exists to support the recommendation of most
guidelines to lower BP in diabetics to <130/80 mm Hg. This
recommendation is largely based on observational studies.
The evidence from ADVANCE is a significant contribution,
since the BP level that has been studied and shown to be
beneficial in clinical trials is more in line with the guidelines
and attests to the validity of their recommendations. As
such, and in addition to the potential large benefits of the
widespread use of the fixed combination, ADVANCE is a
landmark trial that greatly advances our knowledge of the
prevention of CV events in type 2 diabetic patients.
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