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consideration of other risk
factor other than the main one1.
The most recent US survey data
shows that high BP awareness,
treatment, and control rates
have improved from 69%, 53%,
and 26%, respectively, at the
time of the 1988 to 1994 Nutri-
tion Health and Examination
Survey to 76%, 65%, and 37%
between 2003 to 2004. Anyway,
despite the greater availability of
effective antihypertensive agen-
ts, about 65% of  patients with
hypertension receive the indica-
ted cares and only 50% of pa-
tients for whom drug treatment
is initiated persist on treatment
1 year later2.
The consequences of  nonadhe-
rence are serious because of the
resulting poor clinical outcomes
and preventable health care co-
sts. Results from a meta-analy-
sis by Di Matteo3 showed a 27%
difference in clinical outcome
between patients with low vs
high adherence. Cherry and col-
leagues4 assessed the benefit of
‘‘ideal’’ over ‘‘typical’’ adherence
in patients with hypertension
and hyperlipidemia and found a
nearly double relative risk (13.3
vs 25 events per 100 patient-ye-
ars over 3 years) of  myocardial
infarction, angina, and stroke in
patients who showed no adhe-
rence vs those who showed ide-
al adherence (figure 1).
In addition to gold standard the-
rapy, improvement in smoking
cessation strategies, effective
healthy diet advice, weight re-
duction advice in obese patien-
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Introduction

Despite compelling evidence for
the efficacy of  primary preven-
tion, cardiovascular disease
(CVD) remains the main cause
of  mortality in Europe1. The
EURIKA study, a cross-sectio-
nal study conducted simultane-
ously in 12 European countries
during 2009, demonstrated that
many patients with treated CVD
risk factors remained inadequa-
tely controlled. In fact, of 4.407
patients with dyslipidaemia,
74.4% were treated with lipid-
lowering drugs, but target total
and LDL cholesterol levels were
reached only by 41.2% of  trea-
ted patients. Among 2.046 pa-
tients with type 2 diabetes,
87.2% were treated with antidia-
betic drugs, but the recommen-
ded HbA1c level of  6.5% was
reached by 36.7% of  treated
patients only. Of  3.324 patients
with a diagnosis of obesity prior
to study enrolment, 92.2% were
on lifestyle treatment (weight
reduction advice) and the target
of  BMI<30 kg/m2 was reached
by 24.7% of  these patients. Fi-
nally, the percentage of  treated
patients with 1, 2, or the 3 main
CVD risk factors (hypertension,
dyslipidaemia, diabetes) at goal
was 41.3, 18.6, and 3.7%, res-
pectively. There were a substan-
tial proportion of  patients re-
maining at high CVD risk (35–
39% for the different individual
risk factors) among those who
achieved specific treatment go-
als, probably because of  under
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may substantially increase risk
factors control1.

The role of emerging
markers

Hypertension, defined as sustai-
ned elevation of  brachial blood
pressure, is a major risk factor
for cardiovascular disease, and
reduction of  brachial blood
pressure decreases cardiovascu-
lar events, particularly stroke6.
But to stratify CVD risk, we
have to consider many other risk
factors. In hypertensive indivi-
duals, renal subclinical organ
damage is associated with a 10-
year risk of  cardiovascular even-
ts of  20% or more. Data from
the ELSA7 have shown that ba-
seline carotid intima–media thi-
ckness (IMT) predicts cardiova-
scular events independent of
BP. Even asymptomatic peri-
pheral vascular disease as de-
tected by a positive ankle-bra-
chial index has prospectively
been found to be associated in

Figure 1. Fall in adherence because of discontinuation of treatment (————) or  because of poor
execution of dosing regimen (————). (From Vrijens B et al 200863).

men with an incidence of  car-
diovascular events approaching
20% in 10 years8,9.
Among these traditional risk
factors, pulse wave velocity
(PWV) and central aortic pres-
sure (CAP) are gaining impor-
tance. Pulse wave velocity, a
measure of  vascular stiffness,
has been related to cardiovascu-
lar risk61 in hypertensive pa-
tient10, in the elderly11, in patients
with end-stage renal disease12,
and in population-based sam-
ples13. CAP can be measured by
noninvasive techniques14 and
potential evidence of  greater
prognostic importance of  cen-
tral aortic than brachial pressu-
res has been obtained in treated
hypertensive patients15. Increa-
sed arterial stiffness causes a
premature return of  reflected
waves in early systole, increasing
central PP and systolic BP, lea-
ding to an increased load on the
left ventricle and greater myo-
cardial oxygen demand. Arterial
stiffness, wave reflections, and
central pressure can serve in cli-

nical practice as “intermediate” or
“surrogate” end points for cardio-
vascular events.
In fact, these parameters have
an independent predictive value
for cardiovascular morbidity
and mortality5. In the Copenha-
gen County population, an in-
creased pulse wave velocity
(PWV >12 m/s) was associated
with a 50% increase in the risk
of  a cardiovascular event16. In-
dependent predictive value of
PWV for cardiovascular events
has been shown in Japanese
men followed for 8.2 years17.
The independent predictive va-
lue of  aortic stiffness has been
demonstrated after adjustment
to classic cardiovascular risk
factors, including brachial PP,
suggesting that aortic stiffness adds
value to a combination of  cardiova-
scular risk factors19. This finding may
be related to the fact that aortic stiff-
ness integrates the damage to the aor-
tic wall of  cardiovascular risk factors
over a long period, whereas BP, glyce-
mia, and lipids can fluctuate over time
and the values recorded at the time of
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risk assessment may not reflect the true
damage to the arterial wall60.
Another explanation may be
that the identification of  aortic
stiffness reveals the translation
from risk factors to real risk in
any patients19,20.
The most important study to
date to examine the relative im-
portance of  central and brachial
blood pressures has been the
Conduit Artery Function Eva-
luation (CAFE) study of the
Anglo-Scandinavian Cardiac
Outcomes Trial (ASCOT)
hypertension trial21. Although
brachial blood pressure was re-
duced to a similar extent in both
the atenolol/thiazide and amlo-
dipine/perinopril arms of  the
CAFE study, a significantly gre-
ater reduction in central aortic
pressures and AIx was achieved

Figure 2. Relation between 10-year CVD risk and aortic pulse wave
velocity. (From Blacher J et al 199961).
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Figure 3. Kaplan-Meier estimates of CHD (top), stroke (middle), and CHF (bottom) by a PWV quartile.
(From Sutton-Tyrrel K et al 200562).

with the amlodipine regimen
than with the atenolol regime.
Furthermore, both brachial and

central pulse pressures were si-
milarly to a post hoc-defined
composite outcome (new car-
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diovascular events, cardiovascu-
lar procedures, renal impair-
ment) independent of  other risk
factors5 (figure 2 and figure 3).
Although measures of stiffness
are useful in predicting the oc-
currence of  cardiovascular
events, the value of  reduction
in arterial stiffness as a measu-
rement of  the reduction by tre-
atment of  the risk of  such even-
ts has not yet been unequivo-
cally proven. The only clinical
evidence that reducing arterial
stiffness is associated with a de-
creased risk of  cardiovascular
events was obtained in ESRD
patients by Guerin et al22. In a
mean follow-up of  50 months,
the absence of PWV decrease
in response to BP decrease was
one of the predictors of all-cau-
se and cardiovascular mortality,
together with increased left ven-
tricular mass, age, and preexi-
sting cardiovascular disease. Af-
ter adjustment for all confoun-
ding factors, the risk ratio for the
absence of  PWV decrease was
2.59 for all-cause mortality and
2.35 for cardiovascular mortali-
ty. However, the effect of  aor-
tic stiffness attenuation on car-
diovascular morbidity and mor-
tality remains to be established
in other populations. Indeed, in
the REASON study, the com-
bination of perindopril and in-
dapamide significantly attenua-
ted carotid wave reflections23,
resulting in a selective decrease
in central systolic BP and PP,
and leading to a related reduc-
tion in left ventricular hyper-
trophy24. This effect was not
observed in the atenolol treat-
ment arm, in which carotid PP
was not equally reduced. The re-
sults of  the CAFE study suggested
that the positive effect of  renin-angio-
tensin system blockers beyond BP con-
trol could be attributed to a greater
effect on reduction of  arterial stiff-
ness21.

Usual therapies and
their limitations

The 2007 ESH/ESC guidelines
underline that, no matter which
drug is employed, monotherapy
can effectively reduce BP in only
a limited number of  hypertensive pa-
tients, most of  whom require the com-
bination of  at least two drugs to achie-
ve BP control26. A meta-analysis of
42 studies has shown that combining
two agents from any two classes of
antihypertensive drugs increases the
BP reduction much more than dou-
bling the dose of  a single drug25. The
2007 ESH/ESC guidelines26 re-
commend the combination of
two drugs to be considered as
initial treatment whenever
hypertensive patients have a
high initial BP or are classified
as being at high/very high car-
diovascular risk because of  the
presence of  organ damage, dia-
betes, renal disease, or a history
of  cardiovascular disease.

Strategies to improve
both efficacy and
adherence to treatment
The combination of  an ACE
inhibitor, perindopril, and the
diuretic indapamide had alrea-
dy been shown in the PRO-
GRESS study to have a greater
BP lowering effect than the
ACE inhibitor alone and, in pa-
rallel, a much greater preventi-
ve effect on recurrent stroke27.
In ADVANCE28, the combina-
tion of indapamide and perin-
dopril in patients with type 2
diabetes (on top of preexisting
therapy) for more than 4 years
was followed by a significantly
greater antihypertensive effect
than administration of  placebo.
A combination of  an ACE inhi-
bitor and a dihydropyridine cal-
cium antagonist was the most
widely used combination the-
rapy in Syst-Eur and Syst-Chi-
na,29,30 as well as in the HOT stu-

dy31 in order to achieve lower BP
goals. The combination amlodi-
pine–perindopril was widely
used in the ASCOT study, being
more effective in lowering BP
and cardiovascular events than
the combination of  a â-blocker
with a thiazide32.
In the ACCOMPLISH (Avoi-
ding Cardiovascular Events
through Combination Therapy
in Patients Living with Systolic
Hypertension) trial33, more than
11.000 hypertensive patients
with a relatively elevated cardio-
vascular risk were randomized,
after stopping previous treat-
ment, to receive benazepril plus
either the calcium antagonist
amlodipine or hydrochlorothia-
zide. Over the 3 years of  follow-
up, both treatments reduced BP
very effectively, and the rate of
serious side effects was limited
and similar between the two
groups. In the group receiving
the benazepril-amlodipine com-
bination, however, the inciden-
ce of  the primary endpoint (a
composite of  several cardiova-
scular fatal and nonfatal events)
was 20% less than in the group
receiving the benazepril-hydro-
chlorothiazide combination,
with a significant reduction also
in cause-specific events such as
myocardial infarction.
In the STAR study34, hyperten-
sive patients with an impaired
fasting glucose exhibited a wor-
se metabolic response to the
glucose load test (as well as a
greater rate of  new-onset dia-
betes) if treated with a combi-
nation of  a blocker of  the re-
nin–angiotensin system and a
diuretic than if treated with the
combination of a renin–angio-
tensin system blocker and a cal-
cium antagonist59.
The combination of  a calcium
channel blocker (CCB) and an
ACE inhibitor is especially ef-
fective because of  their comple-
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mentary mechanisms. Moreover
lower amounts of  each compo-
nent drug are necessary to ef-
fectively decrease BP, thereby
preventing dose-dependent
adverse effects35, and com-
pound-specific adverse effects
can be limited by supporting the
physiological actions of  the
other component. For example,
peripheral oedema, a characte-
ristic adverse effect of  calcium
channel antagonists, is less com-
mon when a CCB is administe-
red in combination with an ACE
inhibitor or an angiotensin II
type-1 receptor antagonist (an-
giotensin receptor blocker -
ARB-)36-38. In addition, the
combination of  an ACE inhibi-
tor and a calcium channel anta-
gonist has synergistic potential
in terms of  renal, cardiac and
vascular effects. The objective
of  fixed-dose combination an-
tihypertensive therapies is to
achieve better BP control in a

cost-effective way while minimi-
zing adverse effects39 (table 1).

The lercanidipine/enalapril
fixed dose combination
Lercanidipine is a third-genera-
tion dihydropyridine calcium
channel antagonist that inhibits
calcium entry through L-type
calcium channels in smooth
muscle cells of  the cardiovascu-
lar system, leading to peripheral
vasodilatation and reducing
BP40-42. It has high lipophilicity,
enabling a slower and smoother
onset and longer duration of
action than other dihydropyri-
dines43. Lercanidipine may have
antiatherogenic effects beyond
BP reduction40, reducing levels
of  low-density lipoprotein cho-
lesterol oxidation by 35% in
hypertensive patients with dia-
betes44, and reducing signs and
symptoms of  ischaemia, and
improves heart function in pa-
tients with angina45. Lercanidi-

pine has also been reported to
have renoprotective effects46,47,
and improves the lipid profile
and glucose tolerance48. Unlike
other dihydropyridine calcium
channel antagonists, lercanidipi-
ne has renoprotective effects
because it induces both afferent
and efferent arteriolar vasodila-
tation47.
In diabetic patients, lercanidipi-
ne treatment led to a significant
decrease in glycosylated haemo-
globin (HbA1c) level, without
negatively affecting glucose
omeostasis49. In diabetic patien-
ts with renal failure, lercanidipi-
ne had a good tolerability profi-
le and a neutral effect on pla-
sma lipids, with no impairment
in renal function50. In hyperten-
sive patients with the metabolic
syndrome, lercanidipine appea-
red to have a better tolerability
profile and was associated with
fewer vasodilatation-related
adverse effects than other

Table 1. Synergistic possibilities with the combination of an angiotensin-converting enzyme inhibitor
(ACE-I) and a calcium channel antagonist (CCA)39.

Effect DHP-CCA Non DHP CCA ACE-I

Renal
Renal blood flow ↑ ↑ ↑
Efferent arteriolal tone Minimal ↓ ↓ ↓
Afferent arteriolar tone ↓ ↓ ↓
Proteinuria Minimal ↓ ↓ ↓
Renoprotection No Possibly Yes

Vasculature
Endothelial-mediated vasoconstriction ↓ ↓ Minimal effect
Nitric oxide release No No Yes
Arterial compliance ↑ ↑ ↑
Vascular hypertrophy ↓ ↓ ↓
Atherogenesis ↓ ↓ ↓

Cardiac
Left ventricular hypertrophy ↓ ↓ ↓
Heart rate ↑ ↓ No effect
Left ventricular filling ↑ ↑ Minimal effect
Contractility, unloading Some effect No effect Improvement
Coronary flow ↑ ↑ Mild ↑
Secondary cardioprotection No Some Yes

ACE= angiotensin-converting enzyme; DHP=dihydropyridine; ↑=increase; ↓=decrease.
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dihydropyridine calcium chan-
nel antagonists48. Enalapril is a
prodrug that is hydrolysed to the
active form enalaprilat, which
decreases plasma levels of  an-
giotensin II by inhibiting ACE,
so reducing angiotensin II and
leading to peripheral vasodilata-
tion and reduced vascular resi-
stance, decreasing BP values.
Enalapril has positive effects on
cardiovascular risk factors and
prevents decline in renal func-
tion51-53. A number of  clinical
trials have demonstrated that the
lercanidipine/enalapril combina-
tion has better efficacy and tole-
rability than monotherapy with
either agent54-57. In addition, ler-
canidipine was non-inferior to
hydrochlorothiazide as add on
therapy to enalapril in diabetic
patients with hypertension who

had not responded to enalapril
alone. The fixed-dose formula-
tion of lercanidipine/enalapril
was well tolerated in all clinical
trials, with an adverse effect rate
similar to the component drugs
as monotherapy54-57 and showing
to effectively decrease BP.

Conclusions

Calcium channel antagonists are
associated with reductions in
cardiovascular morbidity and
mortality; ACE inhibitors lead
to a reduction in myocardial in-
farction and cardiovascular de-
ath. Both these kind of  drug
appear to diminish CVD above
that attributable to BP lowering
alone. Based on this evidence, a
fixed-dose combination of  an
ACE inhibitor and a calcium

channel antagonist may provi-
de effective cardiovascular pro-
tection as it has been shown
with the fixed-dose combina-
tion of the CCB lercanidipine
and the ACE inhibitor enalapril.
This combination has greater
BP lowering efficacy than either
component alone, both in the
general hypertensive population
and in patients with diabetes.
Lercanidipine/enalapril is also
well tolerated, with similar
adverse effect rates to the com-
ponent drugs as monotherapy58.
Moreover the association of  a
CCB/ACE inhibitor was effec-
tive in ameliorating central pres-
sure and not only blood pres-
sure. Anyway, we don’t know yet
if  arterial stiffness and central
pressure should become target
for therapy or not.
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