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Abstract

Effective treatment of high blood pressure (BP) represents a key strategy for reducing the burden of hypertension-related cardio-
vascular and renal diseases. In spite of these well-established concepts, hypertension remains poorly controlled worldwide. In order
to improve BP control in patients with hypertension, several interventions have been proposed, among which (I) preferred use of
more effective, sustained, and well-tolerated antihypertensive drug aimed to ensure adherence to prescribed medications and (2)
extensive use of rational, integrated, and synergistic combination therapies, even as first-line strategy, aimed to achieve the recom-
mended BP targets. Within the possible antihypertensive drug classes currently available for the clinical management of hypertension,
both in monotherapy and in combination therapy, drugs inhibiting the renin—angiotensin system and calcium channel blockers
(CCBs) have demonstrated to be effective and safe in lowering BP levels and achieving the recommended BP targets with a good
tolerability profile. In particular, CCBs have been one of the most widely used classes of antihypertensive agents in the last 20 years,
based on their effectiveness in reducing BP levels, good tolerability, and abundant evidence on reducing cardiovascular and renal
consequences of hypertension. This article provides an updated overview of the evidence supporting the use of CCBs-based anti-
hypertensive regimen, both in monotherapy and in combination therapies with different classes of antihypertensive drugs.
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Results of large, randomized, controlled clinical trials demon-
strated that it is possible to reach these BP targets in large pro-
portions of treated patients with hypertension having different
cardiovascular risk profiles.'>'* Indeed, the design of these
clinical trials systematically included antihypertensive thera-
pies based on drugs inhibiting the renin—angiotensin system
(RAS) and calcium channel blockers (CCBs) compared to
B-blockers and diuretics.'*'* On the basis of these findings,
a preferred use of these antihypertensive drug classes have been
pursued by recent hypertension guidelines, in order to bridge
the gap between the attained and expected BP control rates,

Introduction

Hypertension is a major modifiable risk factor, which signifi-
cantly and independently increases the risk of developing major
cardiovascular, cerebrovascular, and renal complications.l On
the other hand, an effective treatment of hypertension substan-
tially reduces the risk of developing such complications and
improves cardiovascular prognosis.2 However, the control of
blood pressure (BP) remains largely unsatisfactory world-
wide.>* In particular, analyses of data collected across different
Western countries on BP control rates have consistently and
independently confirmed that only 20% to 30% of treated
patients with hypertension achieve the recommended BP tar-
gets.”® Inadequate BP control increases the risk of developing

hypertension-related cardiovascular diseases, including myo-
cardial infarction, ischemic stroke, end-stage renal disease, and
congestive heart failure, and explains the persistently high bur-
den of cardiovascular death related to hypertension.”

Current recommendations from international guidelines
stated that in all patients with hypertension, it is important to
reduce BP until systolic and diastolic BP values below 140/
90 mm Hg are achieved.'®!'! These BP goals are recommended
for all adult patients with hypertension, regardless of gender,
age, ethnicity, or other concomitant clinical conditions.'*!
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Figure |. Schematic representation to explain the molecular mechanisms of actions of calcium channel blockers (CCBs).

to ensure adequate adherence and persistence to prescribed
medications and to improve cardiovascular outcomes in treated
patients with hypertension.'®!!

Being the vast majority of these evidence based on the use of
dihydropyridinic CCBs, these drugs are now recommended
both as first-line therapy and as an ideal partner for dual or tri-
ple combination therapies for the clinical management of
hypertension and hypertension-related comorbidities.'%!!

The aim of this article is to provide an updated overview of
the evidence supporting the use of CCBs-based antihyperten-
sive regimen, both in monotherapy and in combination thera-
pies with different classes of antihypertensive drugs.

General Considerations on CCBs

Within the drug class, CCBs showed several important differ-
ences from the pharmacokinetic'® and pharmacodynamic'®
point of views as well as for selectivity and duration of pharma-
cological action,'”'” although sharing the same ability to inter-
act with L-type voltage-dependent transmembrane calcium
channels (Figure 1). As expected, these differences impact both
clinical and therapeutic effectiveness as well as tolerability and
safety profile in different clinical settings.

Several classifications have been proposed to distinguish dif-
ferent compounds within this drug class. Among these, CCBs
may be classified into 3 groups according to their selectivity for
interactions with either cardiac or vascular (or both) L-type
voltage-dependent transmembrane calcium channels,**?! as
reported in Table 1. According to this classification, CCBs may

be stratified into 3 groups, namely (1) dihydropyridinic agents,
which mostly act as dilating agents at peripheral vessel level,
(2) phenilalchilaminic agents, which predominantly act as nega-
tive inotropes and chronotropes at cardiac level, and (3) ben-
zothiazepinic agents, which have an intermediate profile.

The first generation of the compounds of these 3 groups
included nifedipine, verapamil, and diltiazem, respectively.
They were characterized by short-acting therapeutic actions,
which have limited their clinical effectiveness due to potential
risk of drug-related adverse reactions (eg, peripheral edema,
reflex tachycardia, skin reactions). Following the availability
of the first-generation molecules, over the years several other
compounds have been developed for widespread use in treat-
ing hypertension and cardiovascular diseases. In particular,
among dihydropyridinic agents, second-generation CCBs,
including manidipine,*** felodipine,**** and nicardipine,*®
and third-generation CCBs, including lacidipine,*’ lercanidi-
pine®® barnidipine,?’ and amlodipine,*® were characterized by
high selection for vascular calcium channels and favorable
pharmacokinetic and pharmacodynamic profile.

From a clinical point of view, dihydropyridinic CCBs are
considered one of the first-line therapeutic options to treat
hypertension and reduce hypertension-related cardiovascular
morbidity and mortality.'%!!

According to the recommendations from the European
guidelines,'® all CCBs can be effectively and safely used for
the treatment of hypertension, both in monotherapy and in
combination therapies (Figure 2). In particular, according
with the compelling indications (Table 2), they are now
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Table I. Classification of Different Compounds Within the CCB Drug Class, According to Their Selectivity for Interactions With Either
Cardiac or Vascular (or Both) L-Type Voltage-Dependent Transmembrane Calcium Channels.?

First Generation

Second Generation

Third Generation

Group (Original Formulations) (Extended-Release Formulations) (New Formulations)
Dihydropiridinic Nifedipine Nifedipine SR/GITS Nicardipine
Felodipine ER Isradipine
Nicardipine SR Manidipine
Nilvadipine
Nimodipine
Nisoldipine
Nitrendipine
Amlodipine
Felodipine
Lacidipine
Barnidipine
Benzotiazepinic Diltiazem Diltiazem SR
Fenilalchilaminic Verapamil Verapamil SR

Abbreviations: SR, slow release; GITS, gastrointestinal-transport system; ER, extended release.

. 20,21
? Derived from Reference .

Stage 1 Hypertension Stage 2-3 Hypertension
Low/Moderate CV risk High/Very High CV risk
Monotherapy —_— Dual Combination Therapy
Switch to Monotherapy Dual Combination Triple Combination
different Monotherapy at full dose Therapy at full dose Therapy
Monotherapy Dual Combination Switch to Three Drug
atfulldose |—» Therapy different Dual Combination
at full dose Combination Therapy at full dose

Figure 2. Schematic representation illustrating the different therapeutic options (monotherapy vs combination therapy) for the clinical
management of hypertension, according to current European guidelines.'®

recommended for lowering BP levels in black individuals,
elderly patients with isolated systolic hypertension as well as
in patients with hypertension having metabolic syndrome, car-
diac (left ventricular hypertrophy) or vascular (atherosclerosis)
organ damage, previous stroke, or peripheral artery disease. In
addition, nondihydropyridinic CCBs are also recommended for
treating patients with hypertension having angina pectoris and
for those with atrial fibrillation, with the aim of achieving ven-
tricular rate control.'® Finally, they are recommended for treat-
ing gestational hypertension or for preventing eclampsya.'® On
the other hand, dihydropyridinic CCBs are contraindicated for

those patients with hypertension having tachycardia or conges-
tive heart failure, while nondihydropyridinic CCBs are contrain-
dicated for those patients with hypertension having grade 2 to 3
atrioventricular block, severe left ventricular dysfunction, or
congestive heart failure.

According to the recommendations from the evidence-based
guidelines in the United States,'' some selected dihydropyridi-
nic CCBs (ie, amlodipine 2.5-10 mg and nitrendipine 10-20
mg) and only 1 nondihydropyridinic CCB (diltiazem extended
release120-360 mg) may be used for lowering BP levels and
reducing incidence of hypertension-related cardiovascular
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Table 2. Compelling Indications and Contraindications for Using CCBs in the Clinical Management of Hypertension, According to Current

European Guidelines.'®

Compelling Indications

CCB

Other Drugs

Asymptomatic organ damage

LVH

Asymptomatic atherosclerosis
Clinical CV event

Previous stroke

Angina pectoris

Atrial fibrillation, ventricular rate control

Peripheral artery disease
Other conditions

ISH (elderly)

Metabolic syndrome

Pregnancy

Blacks

Dihydropyridinic CCB
Dihydropyridinic CCB

ACE inhibitor, ARB
ACE inhibitor

Any agent effectively lowering BP, including CCB

Dihydropyridinic CCB
Non-dihydropyridinic CCB
Dihydropyridinic CCB

Dihydropyridinic CCB
Dihydropyridinic CCB
Dihydropyridinic CCB
Dihydropyridinic CCB

BB
BB
ACE inhibitor

Diuretic

ACE inhibitor, ARB
Methyldopa, BB
Diuretic

Contraindications

CCB

Tachycardia

Congestive heart failure

AV block (grade 2 or 3, trifascicular block)
Severe LV dysfunction

Heart failure

Dihydropyridinic CCB
Dihydropyridinic CCB

non-dihydropyridinic CCB (verapamil, diltiazem)
Nondihydropyridinic CCB (verapamil, diltiazem)
Nondihydropyridinic CCB (verapamil, diltiazem)

Abbreviations: CCBs, calcium-channel blockers; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blockers; BB, B-blockers, LVH, left ventricular
hypertrophy; CV, cardiovascular, ISH, isolated systolic hypertension; AV, atrioventricular.

All Ages All Ages
With or Without Diabetes CKD present
No CKD With or Without Diabetes
" L
BP target <140/90 mmHg | | BP target <140/90 mmHg I I BP target <140/90 mmHg
non-black black all races
r r

Initiate thiazide-type diuretic
or ACEi or ARB or CCB monotherapy
or Combination Therapy

Initiate thiazide-type diuretic
or CCB monotherapy
or Combination Therapy

Initiate or ACEi or ARB monotherapy
or Combination Therapy with
other drug classes

| |

Select a drug treatment titration strategy
A. Maximize first medication before adding a second one OR
B. Adding a second before reaching maximum dose of first medication
C. Start with two medication classes separately or as fixed-dose combination

Figure 3. Schematic representation illustrating the different therapeutic options (monotherapy vs combination therapy) for the clinical man-

agement of hypertension, according to current United States guidelines.

events. With the only exception of renal diseases, in which
RAS-blocking agents should be preferred, CCBs are now rec-
ommended as first-line therapy in all stages of hypertension,
independent of age, gender, race, and other comorbidities

(Figure 3). They may be used both in monotherapy and in com-
bination therapies with either angiotensin-converting enzyme
(ACE) inhibitors or angiotensin receptor blockers (ARBs) or
thiazide diuretics."!
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Current Recommendations for Hypertension
Treatment and Control

In view of the documented equivalence in terms of antihyper-
tensive efficacy and in terms of reducing the risk of major car-
diovascular events, it is now possible to choose among 5
antihypertensive drug classes, including ACE inhibitors,
ARBEs, B-blockers, CCBs, and diuretics, for starting and main-
taining antihypertensive treatment in monotherapy.'°

In the selection of the first-choice antihypertensive drug class,
however, it should be noted that, even in the presence of a sub-
stantial equivalence in terms of antihypertensive effectiveness,
there are relevant differences in terms of compelling indications
and contraindications among different antihypertensive drug
classes (Table 2).'° In addition, beyond evidence in favor of car-
diovascular and renal protection, clinical trials have also demon-
strated a better tolerability profile*'** and favorable metabolic
properties®>* by RAS-inhibiting drugs, especially ARBs, and
by CCBs, compared to B-blockers and diuretics, thus promoting
the use of these drug classes, both in monotherapy and in com-
bination therapies, for hypertension management and control.

It is documented that only a relatively low proportion of
treated patients with hypertension (20% to 30%) can be main-
tained on a therapy based on a single class of antihypertensive
medication (monotherapy).’® On the contrary, larger propor-
tions of treated patients with hypertension (70% to 80%)
require a combination therapy based on at least 2 classes of
drugs, in order to achieve the recommended BP goals.>*

In those patients with hypertension who have mild eleva-
tions in systolic/diastolic BP levels (ie stage 1 hypertension),
CCB-based monotherapy can be effectively and safely used
to control hypertension, especially in the presence of compel-
ling indications.'® Indeed, monotherapy based on CCBs has
demonstrated to provide sustained antihypertensive efficacy
and to reduce cardiovascular and renal complications com-
pared to other antihypertensive drug classes.>’*

In those patients with hypertension who do not achieve
satisfactory BP control under monotherapy, or in those with
high or very high cardiovascular risk profile, a combination
strategy based on the use of 2 classes of antihypertensive drugs,
including either ARBs or ACE inhibitors plus CCBs or thiazide
diuretics (dual combination therapy) should be used. Rando-
mized clinical trials***° and large meta-analyses*®*’ con-
firmed that these combination strategies are characterized by
an antihypertensive efficacy about 5 times greater than the dou-
bling of the dose of each monotherapy. In particular, among
different combination therapies, those based on RAS blockers
and CCBs are now viewed as the most effective and better tol-
erated antihypertensive strategy compared to other drug classes
in several clinical settings.*®

In those patients with hypertension who do not achieve
satisfactory BP control under a combination therapy based on
the use of 2 classes of antihypertensive drugs, it should be use-
ful to use a combination strategy based on the use of 3 or more
classes of antihypertensive drugs, including either ARBs or
ACE inhibitors, CCBs, and thiazide diuretics (triple

Table 3. Potential Combination Therapies Based on CCBs.

CCB-based dual combination therapies (plus one of the following)®:
-+ ACE inhibitors
+ ARBs
+ Direct renin inhibitors
+ Diuretics (hydrochlorothiazide, indapamide)

CCB-based triple combination therapies (plus one of the following)®:
+ ACE inhibitors + diuretics (hydrochlorothiazide, indapamide)
+ ARBs + diuretics (hydrochlorothiazide)

+ Direct renin inhibitors + diuretics (hydrochlorothiazide)

Abbreviations: ACE, angiotensin converting enzyme; ARB, angiotensin
receptor blocker; CCBs, calcium-channel blocker.

? When available and tolerated, fixed combination therapies should be
preferred to ensure adherence to prescribed medications.

combination therapy).*® Potential CCB-based combination
therapies, both in dual or in triple combination therapies, are
reported in Table 3.

In this latter regard, dual or triple combination therapies
with CCBs have recently become available in fixed formula-
tions (single pill). These preparations have been demonstrated
to provide effective BP reductions, sustained BP control over
24 h, and improved adherence to prescribed medications com-
pared to free combination therapies. Recent meta-analyses have
consistently demonstrated that fixed combination therapy may
provide effective systolic and diastolic BP control and better
adherence to prescribed medications compared to free combina-
tion therapy.**>! In addition, fixed combination therapies have
demonstrated to provide sustained BP control over the 24-hour
period,* thus reducing the potential risk of cardiovascular and
cerebrovascular accidents due to partial or limited BP control
during the nighttime period.’>>* Finally, these formulations
seem to have the advantage of an easier therapeutic regimen to
be taken as a single pill, which of course has relevant conse-
quence on pill burden and improves patient compliance and
adherence to prescribed antihypertensive therapy as demon-
strated even in a setting of real practice.’>>°

Calcium channel blocker-based therapy has also demon-
strated to be very effective and safe for the treatment of patients
with true resistant hypertension, particularly when combined
with RAS-blocking agents (either ACE inhibitors or ARBs),
thiazide diuretic, and antialdosterone agents.”’® In these
cases, high-dose, integrated and synergistic antihypertensive
strategies are required to achieve the recommended BP targets,
in the presence of high adherence to prescribed medications
and low risk of drug-related side effects.*® Thus, CCBs repre-
sent a very attractive and useful partner for any antihyperten-
sive regimen to be used in this clinical setting of high-risk
patients with true resistant hypertension.

Calcium Channel Blockers and Hypertension:
Lessons From Large Randomized Clinical
Trials

Over the last years, several large, randomized, controlled clin-
ical trials have convincingly assessed the ability of CCBs to
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Table 4. Stroke Incidence in Randomized Clinical Trials in Hypertension, Performed With CCBS Versus Either Placebo or Other

Antihypertensive Drugs.*®

BP Risk Reduction
Publication, Population, Difference, (Fatal and P
RCT year Num Active Drug (CCB) Comparator mm Hg Nonfatal Stroke) Value
Syst-Eur 1997 4695 Nitrendipine 10-40 mg Placebo —10/-5 —27% (—62%to —39%) .33
STOP2 1999 6614 Felodipine 2.5 mg OR beta-blockers (atenolol —0.3/40.9 0.88 (0.73 to 1.06) .16
Isradipine 2.5 mg 50 mg, or metoprolol
100 mg, or indolol 5 mg)
PLUS diuretics (hydro-
clorothiazide 25 mg plus
amiloride 2.5 mg)
ACE inhibitors (enalapril  Felodipine 2.5 mg OR nr 1.02 (0.84 to 1.24) .84
10 mg or lisinopril Isradipine 2.5 mg
10 mg)
INSIGHT 2000 6321 Nifedipine 30-60 mg GITS Hydrochlorothiazide 0.0/0.0 0.87 (0.61 to 1.26) .52
25-50 mg plus
amiloride 2.5 mg
NORDIL 2000 10881  Diltiazem BB + Diuretics —3.0/0.0 0.80 (0.65 to 0.99) .04
SHELL 2003 1882 Lacidipine 4 mg Clorthalidone 12.5 mg —1.6/+02  0.96 (0.61 to I.51) .87
CONVINCE 2003 16 476  Verapamil 120-240 mg Atenolol 50-100 mg —0.1/-0.7  1.15 (0.90 to 1.48) NN
INVEST 2003 22 576  Verapamil SR 120-240 mg Atenolol 50-100 mg +0.3/-0.2  0.89 (0.70 to 1.12) .33
ALLHAT 2004 33357  Amlodipine 2.5-10 mg Chlorthalidone, +0.8/—0.7  0.93 (0.82 to 1.06) .28
12.5-25 mg
VALUE 2004 15245  Valsartan 80-160 mg Amlodipine 5-10 mg +22/+1.6  1.15(0.98 to 1.35) .08
ASCOT-BPLA 2005 19257  Amlodipine 5-10 mg Atenolol 50-100 mg —1.6/—1.8 0.77 (0.66 to 0.89) .0003
FEVER 2005 9800 Felodipine ER 5 mg Placebo —42/-2.1  0.73 (0.60 to 0.89) .0019
MOSES 2005 1405 Eprosartan 600 mg Nitrendipine 10 mg +1.5/+0.6  0.75 (0.58 t0 0.97)  .026
ACCOMPLISH 2008 11 506  Amlodipine 5-10 mg plus  Hydroclorothiazide 25 mg —0.9/—1.1  0.84 (0.65 to 1.08) A7

benazepril

plus benazepril

Abbreviations: nr, not reported; ACEI, angiotensin-converting enzyme; CCB, calcium channel blockers; BB, beta-blockers.

2 |n the Syst-Eur,3” STOP Hypertension-2,°% INSIGHT, > SHELL,*> NORDIL,*' CONVINCE,* FEVER,*® ALLHAT,** ASCOT-PBPLA,** ACCOMPLISH,* SCOPE
(49) and VALUE®® trials, number of events included fatal and non-fatal stroke; in the INVEST crial,"' number of events included non-fatal stroke; in the MOSES
study,62 number of events included fatal and nonfatal stroke and recurrent events.

® Adapted from Reference'*.

reduce cardiovascular morbidity and mortality, and mostly cer-
ebrovascular events, in patients with hypertension and high car-
diovascular risk (Table 4).

A first evidence suggesting a beneficial effect of an anti-
hypertensive regimen based on CCBs derived from the Sys-
tolic Hypertension in Europe (Syst-Eur) Trial,’” which
enrolled elderly patients aged 60 to 75 years with isolated
systolic hypertension (as defined for systolic BP values
more than 160 mmHg and diastolic BP lower than 95 mm
Hg), randomly assigned to a CCB-based regimen or to pla-
cebo. As expected, this trial was prematurely interrupted
after an average period of 2 years, due to the significant
reduction in the incidence of the primary composite end
point of both fatal and nonfatal stroke observed in the active
compared to the placebo group.’’

The Swedish Trial in Old Patients with Hypertension-2
Study (STOP Hypertension-2)>* was a prospective, rando-
mized clinical trial, which enrolled elderly patients aged 70
to 84 years with severe hypertension (defined for systolic
BP more than 180 mm Hg and diastolic BP more than 105
mmHg, or both). Patients were randomized to an antihyper-
tensive strategy based on either B-blockers and diuretics or

ACE inhibitors or CCBs. In the presence of comparable BP
reductions among 3 groups during an average follow-up of
54 months, there was a trend toward reduction in the relative risk
of fatal and nonfatal stroke in the overall comparison between
either CCBs or ACE inhibitors and B-blockers plus diuretics.*®
However, when considering the comparison between CCBs or
ACE inhibitors versus conventional drugs, no significant differ-
ence was observed for fatal and nonfatal stroke nor in the com-
parison between CCBs and ACE inhibitors.*®

The International Nifedipine GITS Study: Intervention as a
Goal in Hypertension Treatment (INSIGHT) Study®® was a
prospective, double-blind, randomized clinical trial that
enrolled adult patients aged 55 to 80 years with stage 1 to 2
hypertension (as defined for BP levels more than 150/95
mmHg) or isolated systolic hypertension (systolic BP more
than 160 mmHg) and at least 1 additional cardiovascular risk
factor. Patients were randomly assigned to either a CCB or a
diuretic.*® Even in this trial, in the presence of comparable
BP reductions during an average follow-up of 4 years, no sig-
nificant differences were observed in the 2 treatment groups in
terms of primary composite end point, all-cause mortality, non-
fatal events, both fatal and nonfatal stroke.>®
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Even in the Systolic Hypertension in the Elderly (SHELL)
trial,*® which enrolled patients aged older than 60 years with
stage 1 to 2 hypertension (as defined for systolic BP more than
160 mmHg and diastolic BP more than 95 mm Hg) randomly
assigned to receive an antihypertensive treatment based on the
CCB or the diuretic, no difference in any cardiovascular or cer-
ebrovascular event and in total mortality was observed between
the 2 treatment groups. Substantial similar results were also
observed in other clinical trials, performed with nondihydropir-
idinic CCBs, such as in the Nordic Diltiazem Study (NOR-
DIL)*! and in the Controlled Onset Verapamil Investigation
of Cardiovascular End-Points (CONVINCE) trial.*?

Calcium Channel Blockers, Hypertension,
and High Cardiovascular Risk: Lessons From
Large Randomized Clinical Trials

Several international, randomized, controlled clinical trials have
tested the antihypertensive efficacy, safety and tolerability of
CCB-based therapy in patients with hypertension at high or very
high cardiovascular risk. The results of these trials have consis-
tently and independently confirmed the greater efficacy of CCBs
in lowering BP levels and reducing incidence of major cardio-
vascular events compared to either diuretics or -blockers and
substantial equivalence to RAS-blocking agents (Table 4).

The International Verapamil-Trandolapril Study (INVEST)®"!
was a randomized, open-label, clinical trial, which enrolled
patients aged 50 years or older, with hypertension and coron-
ary artery disease. Patients were randomly assigned to receive
a nondihydropiridinic CCB or a B-blocker. After a 2-year
follow-up and in the presence of similar BP reductions, no
significant difference was observed between the 2 treatment
regimens in terms of main cardiovascular outcomes, includ-
ing fatal and nonfatal stroke.**

The Felodipine Event Reduction (FEVER) trial®® was a
prospective, double-blind, parallel group, placebo-controlled,
randomized clinical trial, which enrolled patients aged 50 to
79 years, with 1 or 2 additional cardiovascular risk factors or
disease. Patients, whose BP levels remained uncontrolled after
6-week therapy based on thiazide diuretic, were randomly
assigned either to CCB or to placebo. In the presence of a small
difference in BP levels, the primary end point (fatal and nonfa-
tal stroke) was significantly reduced in the felodipine compared
to the placebo group. Among secondary end points, all cardio-
vascular events were reduced by 27% (P < .001), all cardiac
events by 35% (P = .012), death by any cause by 31% (P =
.006), coronary events by 32% (P = .024), heart failure by
30% (P = .239), and cardiovascular death by 33% (P =
.019) were reduced in active compared to placebo group.

The Antihypertensive and Lipid-Lowering Treatment to
Prevent Heart Attack Trial (ALLHAT),** was a double-blind,
active-controlled, randomized clinical trial, which enrolled
patients, aged 55 years or older, with a history of hypertension
and at least 1 additional vascular risk factor. Patients were ran-
domly assigned to receive thiazide diuretic, CCB, ACE

inhibitor, or a-blocker in a setting of general practice for
planned follow-up of approximately 4 to 8 years. At the end
of the follow-up period, systolic BP levels were significantly
higher in the amlodipine (+0.8 mm Hg, P = .03) and lisinopril
(+2 mm Hg, P <.001) groups compared with chlorthalidone,
whereas diastolic BP was significantly lower with amlodipine
(—0.8 mmHg, P <.001 for both comparisons). These BP differ-
ences, however, were paralleled with no differences between
treatment groups for the incidence of the primary composite
end point as well as for that of all-cause mortality.

The Anglo-Scandinavian Cardiac Outcomes Trial — Blood
Pressure Lowering Arm (ASCOT-BPLA) was a prospective,
randomized, clinical trial, which enrolled patients with hyperten-
sion and at least 3 cardiovascular risk factors.*’ Patients were
randomized to either a CCB-based regimen or a B-blocker-
based regimen.*> Compared with the atenolol-based regimen,
BP values were lower throughout the follow-up in those patients
allocated to the amlodipine-based regimen. In particular, these
differences were largest (5.9/2.4 mm Hg) at 3 months, and the
average difference throughout the study was 2.7/1.9 mm Hg.
By the end of the trial, about 53% patients had reached both the
systolic and the diastolic BP targets, and about 78% were taking
at least 2 antihypertensive agents. This trial (originally powered
for an estimated 1150 primary end points) was prematurely
stopped when only 903 primary end points had occurred. Thus,
the primary end point of fatal cardiovascular disease and nonfa-
tal myocardial infarction was not achieved (HR 0.90 [95% CI:
0.79-1.02]; P = .1052). However, when the components of
the primary and secondary end points were considered, the
amlodipine-based regimen was consistently better than the com-
parator, by significantly reducing all-cause mortality by 11%
(P = .0247), cardiovascular mortality by 24% (P = .0010),
total cardiovascular events and procedures by 16% (P <
.0001), total coronary end points by 13% (P = .0070), fatal
and nonfatal stroke by 23% (P = .003) as compared to the
atenolol/thiazide regimen. Also, amlodipine-based regimen
significantly reduced incidence of new-onset diabetes by
30% (P < .0001) compared to the atenolol-based regimen.

Two additional trials have tested the clinical efficacy and
safety of CCB-based compared to ARB-based regimen in
patients with hypertension at high cardiovascular risk.

The Valsartan Antihypertensive Long-term Use Evaluation
(VALUE) trial®® was a prospective, multinational, double-
blind, randomized, active-controlled, parallel group trial,
which enrolled high-risk patients aged 50 years or older, with
a history of hypertension and predefined combinations of car-
diovascular risk factors or cardiovascular diseases. Patients
were randomly assigned to valsartan-based regimen or to
amlodipine-based regimen during a mean follow-up period of
4.2 years.®® As observed for the ASCOT-BPLA,® even in this
trial the amlodipine-based regimen induced greater BP reduc-
tions than valsartan-based regimen throughout the study, and
especially during the first 6 months of the follow-up, during
which the highest frequency of cardiovascular events, includ-
ing stroke, was recorded. Authors interpreted the slightly
reduced incidence of fatal and nonfatal stroke observed in the
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amlodipine group compared to the valsartan group as a conse-
quence of these BP differences.®® Subsequent analysis of the
study population, stratified according to the same degree of
BP reductions in both treatment groups, seems to confirm sim-
ilar beneficial effects provided by both ARB-based and CCB-
based therapy in terms of cardiovascular protection and
reduced incidence of cerebrovascular events, mostly stroke.®*

The MOrbidity and mortality after Stroke—Eprosartan
compared with nitrendipine in Secondary prevention (MOSES)
trial®® enrolled patients with hypertension having a history of
cerebrovascular events. Patients were randomized to either
ARB or CCB.%* In the presence of comparable BP reductions,
the eprosartan-based regimen reduced the incidence of the pri-
mary composite end point, including cardiovascular and cere-
brovascular events and noncardiovascular death, significantly
more than the nitrendipine group.®®> However, no significant
differences were observed between 2 treatment groups in terms
of incidence of cerebrovascular events.®?

More recently, the Avoiding Cardiovascular Events through
Combination Therapy in Patients Living with Systolic Hyperten-
sion (ACCOMPLISH) trial*> was a double-blind, randomized
clinical trial, which enrolled patients with hypertension at high
cardiovascular risk. Patients were randomized to receive a
first-line combination therapy based on the association of the
ACE inhibitor plus either the CCB amlodipine or the thiazide
diuretic hydrochlorothiazide once daily.** Even in this case,
the trial course was terminated early after a mean follow-up
of 36 months because of the documented superior efficacy
of benazepril plus amlodipine compared with benazepril plus
hydrochlorothiazide.*> At the time of trial interruption, com-
bination therapy with benazepril-amlodipine significantly
reduced the incidence of both primary (hazard ratio [HR]
0.80, [95% confidence interval, CI: 0.72 to 0.90]; P < .001)
and secondary (HR 0.79, [95% CI: 0.67 to 0.92]; P = .002)
end points compared to combination therapy with benaze-
pril-hydrochlorothiazide.*®

Conclusions

In conclusion, the benefits obtained by achieving effective and
persistent BP control in patients with hypertension having dif-
ferent cardiovascular risk profile in terms of reduction in cardi-
ovascular morbidity and mortality have been repeatedly
demonstrated. Despite such solid evidence, large international
surveys still document persistently low rates of BP control in
the general population with hypertension. The relatively low
use of combination therapy and the lack of drug dosage optimi-
zation during chronic antihypertensive treatment represents 2
of the plausible reasons for this paradox.

Antihypertensive strategy based on the use of dihyropyridi-
nic CCBs, both in monotherapy and in combination therapy
with drugs inhibiting the RAS and/or thiazide diuretics, have
demonstrated that this approach may significantly contribute
to improvement in BP control in the presence of a good toler-
ability profile. In particular, fixed combination therapies based
on RAS-blocking agents and CCBs have proven to be effective

and safe in different clinical settings over the cardiovascular
and renal continuum. Hence, this strategy could be viewed as
a viable way to improve BP control rates in general outpatients
with hypertension and to ensure effective and sustained BP
control over the 24 h.

On the basis of the currently available clinical evidence, this
strategy is particularly indicated for elderly patients with iso-
lated systolic hypertension, in patients with hypertension hav-
ing metabolic disorders (dyslipidemia, metabolic syndrome,
hyperuricemia),in those with diabetes mellitus, and in those
with renal impairment or diabetic nephropathy.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, authorship,
and/or publication of this article.

References

1. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-
specific relevance of usual blood pressure to vascular mortality:
a meta-analysis of individual data for one million adults in 61 pro-
spective studies. Lancet. 2002;360(9349):1903-1913.

2. Turnbull F. Effects of different blood-pressure-lowering regimens
on major cardiovascular events: results of prospectively-designed
overviews of randomised trials. Lancet. 2003;362(9395):

1527-1535.

3. Whyte JL, Lapuerta P, L’Italien GJ, Franklin SS. The challenge of
controlling systolic blood pressure: data from the National Health
and Nutrition Examination Survey (NHANES III), 1988-1994. J
Clin Hypertens (Greenwich). 2001;3(4):211-216.

4. Prugger C, Keil U, Wellmann J, et al. Blood pressure control and
knowledge of target blood pressure in coronary patients across
Europe: results from the EUROASPIRE III survey. J Hypertens.
2011;29(8):1641-1648.

5. Ignatius J. [“RR 160/80” Scipione Riva-Rocci (1863-1937)].
Duodecim. 1993;109(17):1493-1494.

6. Volpe M, Tocci G, Trimarco B, et al. Blood pressure control in
Italy: results of recent surveys on hypertension. J Hypertens.
2007;25(7):1491-1498.

7. Chobanian AV.Shattuck Lecture. The hypertension paradox —
more uncontrolled disease despite improved therapy. N Engl J
Med. 2009;361(9):878-887.

8. Danaei G, Finucane MM, Lin JK, et al. National, regional, and
global trends in systolic blood pressure since 1980: systematic
analysis of health examination surveys and epidemiological stud-
ies with 786 country-years and 5.4 million participants. Lancet.
2011;377(9765):568-577.

9. Tocci G, Sciarretta S, Volpe M. Development of heart failure in
recent hypertension trials. J Hypertens. 2008;26(7):1477-1486.

10. Mancia G, Fagard R, Narkiewicz K, et al. 2013 ESH/ESC guide-

lines for the management of arterial hypertension: the Task Force
for the Management of Arterial Hypertension of the European



Tocci et al

129

12.

13.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

. Kates RE.Calcium antagonists.

Society of Hypertension (ESH) and of the European Society of
Cardiology (ESC). Eur Heart J. 2013;34(28):2159-219.

. James PA, Oparil S, Carter BL, et al. 2014 evidence-based guide-

line for the management of high blood pressure in adults: report
from the panel members appointed to the Eighth Joint National
Committee (JNC 8). JAMA. 2014;311(5):507-520.

Volpe M, Tocci G. Therapeutic implications of recent megatrials
in hypertension: in favor of new drugs. J Nephrol. 2007;20(suppl
12):S12-S18.

Volpe M, Tocci G, Pagannone E. Fewer mega-trials and more
clinically oriented studies in hypertension research? The case of
blocking the renin-angiotensin-aldosterone system. J Am Soc
Nephrol. 2006;17(4 suppl 2):S36-S43.

. Volpe M, Tocci G. Integrated cardiovascular risk management for

the future: lessons learned from the ASCOT trial. Aging Clin Exp
Res. 2005;17(4 suppl):46-53.

Pharmacokinetic properties.
Drugs. 1983;25(2):113-124.

. Zsoter TT, Church JG. Calcium antagonists. Pharmacodynamic

effects and mechanism of action. Drugs. 1983;25(2):93-112.
Theroux P, Taeymans Y, Waters DD. Calcium antagonists. Clin-
ical use in the treatment of angina. Drugs. 1983;25(2):178-195.
Spivack C, Ocken S, Frishman WH. Calcium antagonists. Clinical
use in the treatment of systemic hypertension. Drugs. 1983;25(2):
154-177.

Singh BN, Nademanee K, Baky SH. Calcium antagonists. Clini-
cal use in the treatment of arrhythmias. Drugs. 1983;25(2):
125-153.

Toyo-Oka T, Nayler WG. Third generation calcium entry block-
ers. Blood Press. 1996;5(4):206-208.

Luscher TF, Cosentino F. The classification of calcium antago-
nists and their selection in the treatment of hypertension. A reap-
praisal. Drugs. 1998;55(4):509-517.

McKeage K, Scott LJ. Manidipine: a review of its use in the
management of hypertension. Drugs. 2004;64(17):1923-1940.
Cheer SM, McClellan K. Manidipine: a review of its use in hyper-
tension. Drugs. 2001;61(12):1777-1799.

Todd PA, Faulds D. Felodipine. A review of the pharmacology
and therapeutic use of the extended release formulation in cardi-
ovascular disorders. Drugs. 1992;44(2):251-277.

Saltiel E, Ellrodt AG, Monk JP, Langley MS. Felodipine. A
review of its pharmacodynamic and pharmacokinetic proper-
ties, and therapeutic use in hypertension. Drugs. 1988;36(4):
387-428.

Sorkin EM, Clissold SP. Nicardipine. A review of its pharmaco-
dynamic and pharmacokinetic properties, and therapeutic effi-
cacy, in the treatment of angina pectoris, hypertension and
related cardiovascular disorders. Drugs. 1987;33(4):296-345.
Hall ST, Harding SM, Evans GL, Pellegatti M, Rizzini P. Clinical
pharmacology of lacidipine. J Cardiovasc Pharmacol. 1991,
17(suppl 4):S9-S13.

Epstein M. Lercanidipine: a novel dihydropyridine calcium-
channel blocker. Heart Dis. 2001;3(6):398-407.

van Zwieten PA. Pharmacological profile of barnidipine: a single
optical isomer dihydropyridine calcium antagonist. Blood Press
Suppl. 1998;1:5-8.

31.

32.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

. Haria M, Wagstaff AJ. Amlodipine. A reappraisal of its pharma-

cological properties and therapeutic use in cardiovascular disease.
Drugs. 1995;50(3):560-586.

Elley CR, Gupta AK, Webster R, et al. The efficacy and tolerabil-
ity of ‘polypills’: meta-analysis of randomised controlled trials.
PloS One. 2012;7(12):e52145.

Makani H, Bangalore S, Romero J, et al. Peripheral edema asso-
ciated with calcium channel blockers: incidence and withdrawal
rate — a meta-analysis of randomized trials. J Hypertens. 2011;
29(7):1270-1280.

. Messerli FH, Grossman E, Leonetti G. Antihypertensive therapy

and new onset diabetes. J Hypertens. 2004;22(10):1845-1847.
Alderman MH. New onset diabetes during antihypertensive ther-
apy. Am J Hypertens. 2008;21(5):493-499.

Tocci G, Paneni F, Palano F, et al. Angiotensin-converting
enzyme inhibitors, angiotensin II receptor blockers and diabetes:
a meta-analysis of placebo-controlled clinical trials. Am J Hyper-
tens. 2011;24:582-590.

Mancia G, Laurent S, Agabiti-Rosei E, et al. Reappraisal of Eur-
opean guidelines on hypertension management: a European Soci-
ety of Hypertension Task Force document. Blood Press. 2009;
18(6):308-347.

Staessen JA, Fagard R, Thijs L, et al. Randomised double-blind
comparison of placebo and active treatment for older patients with
isolated systolic hypertension. The Systolic Hypertension in Europe
(Syst-Eur) Trial Investigators. Lancet. 1997;350(9080):757-764.
Hansson L, Lindholm LH, Ekbom T, et al. Randomised trial of
old and new antihypertensive drugs in elderly patients: cardiovas-
cular mortality and morbidity the Swedish Trial in Old Patients
with Hypertension-2 study. Lancet. 1999;354(9192):1751-1756.
Brown MJ, Palmer CR, Castaigne A, et al. Morbidity and mortal-
ity in patients randomised to double-blind treatment with a long-
acting calcium-channel blocker or diuretic in the International
Nifedipine GITS study: Intervention as a Goal in Hypertension
Treatment (INSIGHT). Lancet. 2000;356(9245):366-372.
Malacco E, Mancia G, Rappelli A, Menotti A, Zuccaro MS, Cop-
pini A. Treatment of isolated systolic hypertension: the SHELL
study results. Blood Press. 2003;12(3):160-167.

Hansson L, Hedner T, Lund-Johansen P, et al. Randomised trial
of effects of calcium antagonists compared with diuretics and
beta-blockers on cardiovascular morbidity and mortality in hyper-
tension: the Nordic Diltiazem (NORDIL) study. Lancet. 2000;
356(9227):359-365.

Black HR, Elliott WJ, Grandits G, et al. Principal results of the
Controlled Onset Verapamil Investigation of Cardiovascular End
Points (CONVINCE) trial. JAMA. 2003;289(16):2073-2082.
Dahlof B, Sever PS, Poulter NR, et al. Prevention of cardiovascu-
lar events with an antihypertensive regimen of amlodipine adding
perindopril as required versus atenolol adding bendroflumethia-
zide as required, in the Anglo-Scandinavian Cardiac Outcomes
Trial-Blood Pressure Lowering Arm (ASCOT-BPLA): a multi-
centre randomised controlled trial. Lancet. 2005;366(9489):
895-906.

Officers A, Coordinators for the ACRGTA and Lipid-Lowering
Treatment to Prevent Heart Attack T. Major outcomes in high-
risk hypertensive patients randomized to angiotensin-converting



130

Journal of Cardiovascular Pharmacology and Therapeutics 20(2)

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

enzyme inhibitor or calcium channel blocker vs diuretic: the Anti-
hypertensive and Lipid-Lowering Treatment to Prevent Heart
Attack Trial (ALLHAT). JAMA. 2002;288(23):2981-2997.
Jamerson K, Weber MA, Bakris GL, et al. Benazepril plus amlo-
dipine or hydrochlorothiazide for hypertension in high-risk
patients. N Engl J Med. 2008;359(23):2417-2428.

Wald DS, Law M, Morris JK, Bestwick JP, Wald NJ. Combina-
tion therapy versus monotherapy in reducing blood pressure:
meta-analysis on 11,000 participants from 42 trials. Am J Med.
2009;122(3):290-300.

Law MR, Wald NJ, Morris JK, Jordan RE. Value of low dose
combination treatment with blood pressure lowering drugs: anal-
ysis of 354 randomised trials. BMJ. 2003;326(7404):1427.
Volpe M, Rosei EA, Ambrosioni E, et al. 2012 consensus docu-
ment of the Italian Society of Hypertension (SIIA): strategies to
improve blood pressure control in Italy: from global cardiovascu-
lar risk stratification to combination therapy. High Blood Press
Cardiovasc Prev. 2013;20(1):45-52.

Bramlage P, Ketelhut R, Fronk EM, et al. Clinical impact of
patient adherence to a fixed-dose combination of olmesartan,
amlodipine and hydrochlorothiazide. Clin Drug Investig. 2014;
34(6):403-411.

Mazzaglia G, Ambrosioni E, Alacqua M, et al. Adherence to anti-
hypertensive medications and cardiovascular morbidity among
newly diagnosed hypertensive patients. Circulation. 2009;
120(16):1598-1605.

Gupta AK, Arshad S, Poulter NR. Compliance, safety, and effec-
tiveness of fixed-dose combinations of antihypertensive agents: a
meta-analysis. Hypertension. 2010;55(2):399-407.

Rozza F, Trimarco V, Izzo R, et al. Antihypertensive response to
combination of olmesartan and amlodipine does not depend on
method and time of drug administration. High Blood Press Cardi-
ovasc Prev. 2013;20(1):25-32.

White WB, Johnson MF, Black HR, Elliott WJ, Sica DA. Gender
and age effects on the ambulatory blood pressure and heart rate
responses to antihypertensive therapy. A4m J Hypertens. 2001;
14(12):1239-1247.

Elliott WJ. Circadian variation in the timing of stroke onset: a
meta-analysis. Stroke. 1998;29(5):992-996.

Corrao G, Parodi A, Zambon A, et al. Reduced discontinuation of
antihypertensive treatment by two-drug combination as first step.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Evidence from daily life practice. J Hypertens. 2010;28(7):
1584-1590.

Corrao G, Zambon A, Parodi A, et al. Discontinuation of and
changes in drug therapy for hypertension among newly-treated
patients: a population-based study in Italy. J Hypertens. 2008;
26(4):819-824.

Chapman N, Dobson J, Wilson S, et al. Effect of spironolactone
on blood pressure in subjects with resistant hypertension. Hyper-
tension. 2007;49:839-845.

Vaclavik J, Sedlak R, Plachy M, et al. Addition of spironolactone
in patients with resistant arterial hypertension (ASPIRANT): a
randomized, double-blind, placebo-controlled trial. Hypertension.
2011;57(6):1069-1075.

Liu L, Zhang Y, Liu G, Li W, Zhang X, Zanchetti A. The Felodi-
pine Event Reduction (FEVER) Study: a randomized long-term
placebo-controlled trial in Chinese hypertensive patients. J
Hypertens. 2005;23(12):2157-2172.

Julius S, Kjeldsen SE, Weber M, et al. Outcomes in hypertensive
patients at high cardiovascular risk treated with regimens based
on valsartan or amlodipine: the VALUE randomised trial. Lancet.
2004;363(9426):2022-2031.

Pepine CJ, Handberg EM, Cooper-DeHoff RM, et al. A calcium
antagonist vs a non-calcium antagonist hypertension treatment
strategy for patients with coronary artery disease. The Interna-
tional Verapamil-Trandolapril Study (INVEST): a randomized
controlled trial. JAMA. 2003;290(21):2805-2816.

Schrader J, Luders S, Kulschewski A, et al. Morbidity and
mortality after stroke, eprosartan compared with nitrendipine
for secondary prevention: principal results of a prospective
randomized controlled study (MOSES). Stroke. 2005;36(6):
1218-1226.

Sever PS, Dahlof B, Poulter NR, et al. Prevention of coronary and
stroke events with atorvastatin in hypertensive patients who have
average or lower-than-average cholesterol concentrations, in the
Anglo-Scandinavian Cardiac Outcomes Trial — Lipid Lowering
Arm (ASCOT-LLA): a multicentre randomised controlled trial.
Lancet. 2003;361:1149-1158.

Zanchetti A, Julius S, Kjeldsen S, et al. Outcomes in subgroups of
hypertensive patients treated with regimens based on valsartan
and amlodipine: an analysis of findings from the VALUE trial.
J Hypertens. 2006;24(11):2163-2168.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


