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Summary: Although certain classes of drugs appear to pos-
sess benefits apart from their blood-pressure lowering capa-
bility, reduction of blood pressureremainsthesinglemost im-
portant action of antihypertensive therapy. Calcium-channel
blockers (CCBs) have long been recogni zed as potent agents
for hypertension therapy. Thisis especidly true for the pre-
vention of stroke in hypertensive patients as evidenced from
the Systalic Hypertension in Europe (Syst-Eur) and Systolic
Hypertension in China (Syst-Ching) trialswith along acting
dihydropyridine CCB. Thesame can besaid for betablockers
in patients post myocardial infarction. However, most recent
clinical trialshave underscored the necessity of multipledrug
therapy to achievethe goal s of blood pressure reduction cou-
pled with outcomes reduction. For example, the many recent
large-scaleclinical tria s have required an average of threeor
moreagentsto achievegod. Thus, the paradigm for hyperten-
sion management has been atered to determinethe best treat-
ment regimen rather thanthebest initia agent. Whileresponse
ratesto individual agents across awide spectrum of patients
vary little, not al drugsare equaly suited as companion prod-
ucts. Inthisarticle, we discussthe most recent outcometrials
with thelong acting CCBsa one or in combination with other
drugs. Theevidence showsthat cal cium antagonistsremainan
important part of hypertension management, including in
thoseindividualsat risk of cardiac and cerebrovascular events.
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Calcium Antagonist Controversy

Calcium antagonistsand controversy havelong been syn-
onymous, particularly in the early and mid 1990s. Numerous
case-controlled studies -2 review articles3 4 and meta-analy-
ses,> 6 but few well-designed, double-blind studies were
available at that period to establish clearly whether thisclass
of agents was safe and what cardiovascular endpoints were
influenced by cal cium antagonist treatment. Unquestionably,
thisled to confusion and concerns on the part of physicians
and patients aike. Fortunately, recent years have seen the
completion of anumber of prospective, randomized, and con-
trolled studiesthat have enabled physiciansto make moreev-
idence-based decisions about the appropriate use of thisclass
of potent blood pressure-lowering agents.”12 Thisarticlewill
focus on these studies, along with several meta-analysest3-15
that help put to rest much of the controversy on the safety of
calcium antagonist therapy.

Recent Calcium-Channel Blocker Trialsand Analyses

After publication of retrospective casecontrol sudiesinthe
mid 1990s created fear and even panic among patients and
practicing physicians, by 1996 the controversy quieted and use
of the class continued for the trestment of hypertension.
However, following the 1998 publication of the Appropriate
Blood Pressure Control in Diabetes(ABCD) trid, the contro-
versy resumed when it wassuggested that the cal cium antago-
nist nisoldipine might increase myocardial infarction (MI)
ratesin patientswith diabetes.16:17 It isnoteworthy that along-
term follow-up of a subgroup of normotensive diabetic pa-
tientsinthe ABCD trid in 2002 failed to demonstratealinger-
ing adverse effect associated with cal cium-channe blockers
(CCBs).18Withaggressiveor intensivetherapy, patientsdid as
well onacal cium antagonist-based therapy ason angiotensin-
converting enzyme (ACE) inhibitor-based therapy. Infact, the
origina objectiveof thistrial wasto evauatetheimportance of
theintengity of blood pressurelowering with either drug. More
intensive blood pressure control (~128/75 mmHg) wasassoci-
ated with fewer patients progressing from normoabuminuria
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to microalbuminuria (p = 0.028) and microabuminuria to
overt dbuminuria (p = 0.028), less progression of diabetic
retinopathy, and alower incidence of strokes.18

Clearly we have learned that clinical research with long-
term follow-up may yield more convincing data than small,
short-term, and often inadequately controlled studies. Before
sweeping statements are made regarding the use of any class
of agent in any particular subgroup of patients, first there
should be careful and systematic approaches to examine the
evidencefrom avariety of clinical trids. In particular subsets
of patients, wenow havean array of CCB triasthat have been
published or presented over thelast 3to 5 years (Tablel).”10
Thesegive practicing phys ciansbetter guidance asto how and
when to utilize calcium antagonists appropriately in patients
with hypertension.

Perhaps the most informative studies of calcium antago-
nistsin patientswith hypertension have been the Systolic Hy-
pertension in Europe (Syst-Eur) trid,” the Systolic Hyperten-
sion in China (Syst-China) trial 2 and the Nordic Diltiazem
(NORDIL) tria 10 These studies, aswell asthree meta-analy-
sesthat collectively group datafrom very large sudiesaswell
asdatafrom somesmaller trias, hel p put someof the contro-
versy torest. 1315

A subgroup of patientsthat has received extensive scrutiny
isthe hypertensive patient who a so hastype 2 digbetes mdlli-
tus. As demongtrated in the Framingham study, diabetes has
been identified asthe most potent independent risk factor for
the occurrence of cardiovascular events.2® This group of pa-
tients often has metabolic abnormalities associated with in-
sulin sengitivity and glucose control, aswell asrend dysfunc-
tion that can lead to the need for didysis or rena transplant.
However, ared concern isthe substantialy increased risk of
cardiovascular events such as stroke, M1, and sudden cardio-
vascular degth. For nearly 80% of diabetic patientswith hyper-
tension, acardiovascular event isanear certainty, and thelife-
ending event is often the first and last indication of a hidden
cardiovascular problem. 20

In the Syst-Eur trial—a calcium antagonist-based trial in
elderly patients (=60 years, n=4,695) withisolated systolic
hypertension—there was a subset of 492 diabetic patients
who were compared with 4,203 nondiabetic patientsfor fur-
ther eva uation of theeffectsof nitrendipine versusplacebo.?
Subjects had the possibility of adding a converting enzyme
inhibitor or adiuretic to the theragpeutic regimen. Whilethere

was a significant 26% reduction in al cardiovascular end-
points in the nondiabetic patient population al endpoints
were reduced much more dramatically in the diabetic patient
population (69% reduction).2! These results are consistent
with other studiesin diabetic patients with hypertension, as
thispopul ation of patientsischaracterized by avery high car-
diovascular event rate.

If theresultsof thelandmark diuretic therapy-based Systal-
ic Hypertensioninthe Elderly Program (SHEP) tria 22 23 con-
sigting of 4,736 patientsaged = 60 yearsstudied for Syears, are
compared with the Syst-Eur?! results, then it can beinferred
that the nondiabeti c popul ation demonstrated asimilar reduc-
tion in mortality, cardiovascular endpoints, stroke, and coro-
nary events. However, the resultsbetween the diabetic popul a-
tionsaredtriking. For example, mortality rateswerereducedin
both studies, but moresoin Syst-Eur?t thanin SHEP2 23 The
most impressiveresultsdemonstrated in Syst-Eur, and perhaps
the hallmark of the study, pertained to the reduction of stroke
events. Whilethediuretic-based SHEP antihypertensivetreat-
ment regimen reduced theincidence of total stroke by 36%6,%3
the nitrendi pine-based Syst-Eur reduced total stroke by 73%
inthe diabetic subgroup.Z Another novel findingin Syst-Eur
was that the cal cium antagonist therapy reduced the onset of
dementia, which presumably iscaused by microvascular dis-
ease in the brain, rather than dementia of the Alzheimer
type.2*-26 Thisfinding has prompted many of the new clinical
trials now underway to include dementia as a new endpoint,
treated with various drugs, including the new angiotensin-re-
ceptor blockers.

The Syst-China study® was modeled after the Syst-Eur
study.” It had the same background therapy of nitrendipinever-
sus placebo, athough adifferent ACE inhibitor wasused. An
important difference in these trids was that Syst-Chinawas
not adouble-blind, randomized trid but rather an open-label
design. Neverthd ess, event rates among the different cohorts
demongtrate that the calcium-antagonist arm reduced total
mortdity and stroke significantly. Infact, reductionsin stroke
of 38%Bweresimilar tothe 42% strokerate reduction seenin
the Syst-Eur trid.” Syst-China with 2,394 patients was a
smaller study than Syst-Eur, but it did confirm the results of
Syst-Eur with dihydropyridine cal cium antagoni t-based ther-
apy inadifferent patient population.

Thelnternationd NifedipineGITS Study: Interventionasa
God in Hypertension Treatment (INSIGHT) tria (n=6321)

TaBLE |  Updateon calcium-channel blocker outcometrialssincethe controversy beganin early and mid 1990s

Study (Ref. No.) No. of patients Study drug Referencedrug

Syst-Eur (7) 4,695 Nitrendipine Endapril and hydrochlorothiazide
Syst-China(8) 2,394 Nitrendipine Captopril or hydrochlorothiazide
INSIGHT (9) 6,321 NifedipineGITS Amiloride and hydrochlorothiazide
NORDIL (10) 10,881 Diltiazem Diureticand betablocker

Abbreviations: GITS = gastrointestina therapeutic system, INSIGHT = International Nifedipine GITS Study: Intervention as a God in
Hypertension Treatment, NORDIL = Nordic Diltiazemtrid, Syst-China= Systolic Hypertensonin Chinatrial, Syst-Eur = Systolic Hypertension

inEuropetrid.
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utilized a different active comparator calcium antagonist,
nifedipine 30 mg, in along-acting gastrointestinal-transport
system (GITS) formulation.® It was compared with apotassi-
um-sparing diuretic (amiloride 2.5 mg and hydrochloroth-
iazide 25 g) in older patients (aged 55-80 years). Not surpris-
ing, most had cardiovascular comorbidities, including a
subgroup of diabetic patientswho comprised 20% of the pop-
ulation. Figure 1 showsthe changesfor systolic pressure, dias-
tolic pressure, and heart rate for the two treatment groupsin
INSIGHT. Blood pressure control was similar in the two
groups, with both reducing systolic pressure by amost 30
mmHg and diastolic pressure by about 15 mmHg. Thegroups
also fared smilarly with respect to the primary endpoints of
MI, stroke, and cardiovascular desth over the course of the
study. At theend of upto 4 yearsof exposure, the mgority of
pati entswere on monotherapy, whichisnot typical of most tri-
astoday but is a characteristic of SHEP? 23 and Sys-Eur.”
Nowadays, mogt trias, especialy thoseinvolving diabetic pa-
tients, employ multipledrug regimens, whilemonotherapy is-
sues are more focused on initia therapy and the degree of
blood pressurelowering than in absol ute compari sons of indi-
vidud agents.

Another important tria involving cal cium-antagoni<t ther-
apy wasthe NORDIL study.10 Thiswasa so an open-labd tri-
a; however, it used what isknown asthe PROBE (prospective,
randomized, open, blinded endpoint) design. An endpoint
committee, blinded to the treatment randomization group
evaluated each M1, stroke, and death. NORDIL utilized dilti-

azem versusadiuretic or betablocker or combinations of so-
caled conventiona therapy. Almost 11,000 patients, aged
from 50 to 74 years, who had a diastolic blood pressure of
> 100mmHgwereenrolledintheNORDIL tria 10 With near-
ly 800 recorded events, diltiazem actually was not aseffective
inreducing systolic blood pressureaswasthereductioninthe
conventional therapy cohort by about 3 mmHg, whereasthe
diastolic blood pressure was similar between the two treat-
ment groups. Yet, for the primary endpoint of acute M|, stroke,
and cardiovascular death, the point estimatewasvirtualy the
samefor thetwo trestment groups. Thus, therewas no advan-
tageor lack of advantagefor diltiazem versusthe betablockers
or diuretics, despitethesmall differencein systolic blood pres-
sure. On the other hand, there was a significant reduction in
grokein thediltiazem group (n = 159) versusthe betablocker
and diuretic group (n=196). Corversaly, theMI ratewas 18%
higher inthediltiazem group (n = 183) thanin the betablocker
and diureticgroup (n=157); thisdid not achievestatistical Sig-
nificance because of thewidened confidenceinterval s associ-
ated with smaller numbers of eventsand patients. Thesefind-
ings actually create confusion for clinicians because, as in
mogt of the calcium antagonist studies, individudly and/or in
meta-analyses, CCBs have been better protectors against
stroke but conventiona therapy has been somewhat better for
preventing Mls.

M eta-Analyses| nvolving Calcium-Antagonist
Therapy

Metaranalyses are important because they increase the
power of endpoint event rates. Thus, instead of 300 eventsin
onetreatment group and 300 in ancther particular trid, thou-
sandsof eventscan be compared by pooling datafrom compa:
rabletrials.

Number of events/total patients

Calcium
antagonists ~ Placebo Relative risk

Stroke 54/2815 85/2705

Coronary heartdiseese  79/2815 96/2705

Heart failure 41/2815 56/2705

Major CV events 166/2815 222/2705

CV desths 66/2815 89/2705

Tota mortality 141/2815 155/2705

05 10 20
Favors Favors
calcium placebo
antagonists

Fic.2 A meta-analysiscomparing cal cium antagoni st-based ther-
apy with placebo on overall events. CV = cardiovascular. Adapted
from Ref. No. 13with permission.
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Inameta-anaysisby Nedl etal.,13 17 sudieswereincluded
with 75,924 patients (mean age 62 years); dl of these studies
compared active trestment versus placebo or compared anew
treatment, such as a calcium antagonist, versus acomparator
drug class, such asadiuretic betablocker, or ACE inhibitor. In
the comparison of calcium antagonist versus placebo, the
meta-analysis demonstrated a relative risk reduction of 39%
for stroke, about 15to 28% for coronary disease, heart failure,
major cardiovascular events, and overall benefit even for all-
causetotal mortdity (Fig. 2).13

These data clarify that CCBs are not responsible for an
increasein eventsand, in fact, protect people against events.
Even when cal cium antagonists are compared with ACE in-
hibitors, the relative risk reduction for most eventsis very
similar, with the exception of coronary disease and heart fail-
ure, where there is a small benefit in favor of the ACE in-
hibitors. No overall differencein mortality was observed.

Inanother meta-andysis, Opieand Schal %> studied Six trids
with 45,933 patients. They compared the safety of CCBswith
either conventional therapy, defined aseither diureticsor beta
blockers, or in a separate andysis against ACE inhibitors.
Againgt conventiond therapy, the CCBs demonstrated asub-
stantial benefit with regard to nonfatal stroke (25% reduction,
p=0.001), adetrimenttoMI of 19% (p=0.011), and no differ-
encewith regard to heart failure.’® All other endpoints, includ-
ing major cardiovascular eventsand mortality, weresimilar.

The CCB anaysis versus ACE inhibitors showed no dif-
ferences between the two treatment regimenswith respect to
total and cardiovascular mortality. Inthe subset of diabetic pa
tients, the CCBs had a higher risk of nonfatal (relative risk
[RR] = 2.259) and total MI (RR = 2.204).15 Opie and Schall
concluded that “. . . CCBs appeared to be safe and effective
when compared to conventional therapy, defined asinitiation
of therapy with either adiuretic or B-blocker.”1> Calcium-
channel blockers also showed comparable safety with ACE
inhibitors, except in thetrestment of diabetic patients.

Staessen et al.’s* meta-analysisincluded nine trials with
62,605 patientswithisolated systolic hypertension. Theinves-
tigators examined the outcomes of patients on newer drugs
(e.0., CCBs, ACE inhihitors, or doxazosin) versusolder drugs
(e.g., diureticsor betablockers), compared with their expect-
ed outcomes based on blood pressure effects. In the Antihy-
pertensive and Lipid-Lowering treatment to prevent Heart
Attack Trial (ALLHAT), for example, doxazosin had a19%
increase in stroke events compared with the reference treat-
ment chlorthalidone.?” Conversaly, based on blood pressure
control rates, the Captopril Prevention Project (CAPPP) study
would have predicted that conventiond therapy reduced event
ratesto agrester degreethan the ACE inhibitor, but captopril
yielded better results than expected.® In NORDIL, the 3
mmHg differencein blood pressure control mentioned previ-
oudy would have predicted a25% increasein eventson dilti-
azem compared with conventiond therapy, yet it wascloser to
10% because of the significant reduction in stroke associated
with diltiazem treatment.1° Thereductionin event rates seen
with both older and newer therapiesis largely explained by
decreasesinblood pressure and, athough it wastheorized that

inthe Heart Outcomes Prevention Evaluation (HOPE) tria 2
and in the Reduction of Endpointsin NIDDM with Angio-
tensin 11 Antagonist Losartan (RENAAL) triall® there may
have been an added benefit over and abovetheblood pressure
effect, this hypothesis remains unproven. In fact, the Perin-
dopril Protection Against Recurrent Stroke Study (PRO-
GRESS)® showed quitetheopposite. InRENAAL, over 70%
of patients were on CCBs as additive therapy to those in the
losartan or placebo groups. 1! Thus, patientstreated with losar-
tan and conventional therapy, consisting predominately of
CCBs, had areduced overall risk of doubling of serum cresti-
nine, end-stagerend disease events, or death. 1!

Conclusion

Since 1996, numeroustrials have demonstrated that calci-
um antagonigsare safeand effective agentsfor preventing car-
diovascular diseasein patientswith hypertension. Meta-anal-
yses suggest that stroke reduction by treatment with calcium
antagonistsmay begreater not only than treetment with place-
bo, but also with conventional therapy that includes diuretics
and betablockers. Conversely, ACE inhibitors appear to be su-
perior to cal cium antagonistsfor the prevention of heart failure
in patientswith hypertension.

Thesefindings support the use of cal cium antagonistsasan
initia therapy in many typesof patientswith essential hyper-
tension and asacritical part of combination therapy in many
patientswith comorbiditiesinwhom blood pressurecontrol at
more aggressive goal s has been deemed essentia but remains
an elusivetarget. Future studieswill belessfocused on com-
paring onedrug against another; rather, they will bebasedona
multiple drug regimen with known additive blood pressure
benefits, and will examinethedrugs’ effects on complemen-
tary, nonpressure-rel ated featuresthat may influencefavorable
outcomes on rend function, metabolic balance, and neurohu-
moral control. By building upon our existing knowledge of the
benefits of individual agents such as cacium antagonists,
thesefuture udieswill guide ustoward therapeutic combina:
tionsthat effectively reduce the incidence of cardiovascular,
renovascular, and cerebrovascular events.
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