ORIGINAL ARTICLE

Korean J Intern Med 2014;29:315-324

http://dx.doi.org/10.3904/kjim.2014.29.3.315

-
KJIM'

Amlodipine and cardiovascular outcomes in
hypertensive patients: meta-analysis comparing
amlodipine-based versus other antihypertensive

therapy

Seung-Ah Lee', Hong-Mi Choi', Hye-Jin Park?, Su-Kyoung Ko? and Hae-Young Lee'?

'Department of Internal Medicine,
Seoul National University Hospital,
Seoul; *Pfizer Pharmaceuticals Korea,
Ltd., Seoul; 3Department of Internal
Medicine, Seoul National University
College of Medicine, Seoul, Korea

Received: October 1, 2013
Revised : October 11, 2013
Accepted: October 16, 2013

Correspondence to

Hae-Young Lee, M.D.
Department of Internal
Medicine, Seoul National
University College of Medicine,
101 Daehak-ro, Jongno-gu, Seoul
110-744, Korea

Tel: +82-2-2072-0698

Fax: +82-2-3674-0805

E-mail: hylee612@snu.ac.kr

The data in this study were presented
on a poster at the 76th annual
scientific meeting of the Japanese
Circulation Society, which was held
March 16-18, 2012, in Fukuoka, Japan.

Background/Aims: This meta-analysis compared the effects of amlodipine besy-
late, a charged dihydropyridine-type calcium channel blocker (CCB), with other
non-CCB antihypertensive therapies regarding the cardiovascular outcome.
Methods: Data from seven long-term outcome trials comparing the cardiovascu-
lar outcomes of an amlodipine-based regimen with other active regimens were
pooled and analyzed.

Results: The risk of myocardial infarction was significantly decreased with an
amlodipine-based regimen compared with a non-CCB-based regimen (odds ratio
[OR], 0.91; 95% confidence interval [CI], 0.84 to 0.99; p = 0.03). The risk of stroke
was also significantly decreased (OR, 0.84; 95% CI, 0.79 to 0.90; p < 0.00001).
The risk of heart failure increased slightly with marginal significance for an
amlodipine-based regimen compared with a non-CCB-based regimen (OR, 1.14;
95% CI, 0.98 to 1.31; p = 0.08). However, when compared overall with -blockers
and diuretics, amlodipine showed a comparable risk. Amlodipine-based regimens
demonstrated a 10% risk reduction in overall cardiovascular events (OR, 0.90;
95% CI, 0.82 t0 0.99; p = 0.02) and total mortality (OR, 0.95; 95% CI, 0.91 to 0.99; p
=0.01).

Conclusions: Amlodipine reduced the risk of total cardiovascular events as well
as all-cause mortality compared with non-CCB-based regimens, indicating its
benefit for high-risk cardiac patients.
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INTRODUCTION

DHP CCBs with those from DHP CCBs, which have
remarkably different characteristics [4]. A difference

Amlodipine, a charged dihydropyridine-type (DHP)
calcium channel blocker (CCB), has been widely used
to treat angina and hypertension. Several meta-analy-
ses have evaluated the effect of CCBs on cardiovascular
outcomes [1-3]. However, such analyses have usually
been performed by merging the results from non-
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among DHP CCBs has even been suggested [5]. Of the
CCBs, amlodipine is the most widely prescribed agent
and has been the focus of the greatest number of stud-
ies [6], giving rise to this specific meta-analysis.

Here, the effects of amlodipine besylate on cardio-
vascular outcomes were evaluated in hypertensive pa-
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tients. We performed a meta-analysis using data from
large-scale, comparative, long-term outcome trials
that evaluated the cardiovascular outcomes of am-
lodipine-based regimens. We also performed a sub-
analysis by dividing the studies into two groups. The
first group consisted of studies that compared am-
lodipine-based regimens with non-CCB-based conven-
tional regimens, including those using diuretics or
3-blockers, and involved a meta-analysis of data from
the ALLHAT/chlorthalidone [7], ACCOMPLISH (8],
AASK/metoprolol [9], and ASCOT [10] trials. The second
group consisted of studies that compared amlodip-
ine-based regimens with renin-angiotensin system
(RAS)-blocking regimens, including angiotensin-con-
verting enzyme (ACE) inhibitors and angiotensin recep-
tor blockers (ARBs), and involved a meta-analysis of data
from the AASK/ramipril, ALLHAT/lisinopril, IDNT [11],
VALUE [12], and CASE-]J [13] trials.

METHODS

Trial eligibility

This meta-analysis complied with the QUOROM
statement [14]. Using PubMed searches of the MED-
LINE database, we identified studies designed to
evaluate the effects of amlodipine on the incidence of
cardiovascular events in hypertensive patients. The
study criteria for inclusion into the meta-analysis
were: a randomized controlled trial published in a
peer-reviewed journal, inclusion of patients with hy-
pertension, comparison of amlodipine with another
antihypertensive drug, assessment of cardiovascular
events, follow-up of 1 year or longer, and a sample size
of 100 or more. The search strategy was based on the
search terms “stroke or myocardial infarction” or “cor-
onary heart disease” or “heart disease” or “cardiovas-
cular disease” and “hypertension” and “amlodipine.”
The searches were performed up to November 2011.
All available English abstracts were reviewed, and the
full text was consulted as necessary to clarify eligibili-
ty status. We excluded studies that examined only sur-
rogate endpoints for cardiovascular disease (e.g., blood
pressure lowering efficacy), studies with primary out-
comes other than cardiovascular disease, and studies
that excluded hypertensive subjects. We limited the
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data to the five most commonly used antihypertensive
classes (diuretics, 8-blockers, CCBs, ACE inhibitors,
and ARBs).

The initial search identified 370 articles; of these,
eight met all of the inclusion criteria (Fig. 1). Among
these, one trial was excluded (FACET) because it did
not define clear primary and secondary endpoints,
lacked some data, and, most importantly, was retro-
spective in design [15]. All eligible trials are listed in
Table 1, which shows data on the number of events in
each randomized group.

Comparisons and outcomes

For these analyses, the comparison studies were divid-
ed into two groups. The first group contained studies
that compared amlodipine-based regimens with non-
CCB-based conventional regimens such as diuretics
(ALLHAT/chlorthalidone and ACCOMPLISH) or
R-blockers (AASK/metoprolol and ASCOT). The sec-
ond group contained studies that compared amlodip-
ine-based regimens with RAS-blocking regimens such
as ACE inhibitors (AASK/ramipril and ALLHAT/lis-
inopril) or ARBs (IDNT, VALUE, and CASE-)).

The data were abstracted and differences were re-
solved by consensus. Data on the outcomes of myocar-
dial infarction, stroke, congestive heart failure (CHF),
major cardiovascular events, total mortality, and car-
diovascular disease mortality were analyzed. The ma-
jor fatal and nonfatal cardiovascular events included

370 Potential relevant publications
identified

216 Excluded after abstract screening

154 Papers retrieved for more detailed

) 129 Excluded after full-text screening
evaluation

1 Comparison with placebo
83 No assessment of cardiovascular events
43 Sample size < 100

2 Follow-up period < 1 year

17 Double publications/
Subanalysis of single studies

1 Unclear primary and secondary endpoints,
lacked some data

.............................

| 7 Studies included in meta-analysis

Figure 1. Flowchart showing the process of study selection.
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myocardial infarction, stroke, and CHF. The major
cardiovascular events included coronary heart disease
(CHD), stroke, CHF, and other cardiovascular disease
mortalities. While the definition of endpoints varied
slightly among the trials, the endpoint definitions and
methods of classification were identical across the
treatment groups within each trial.

Statistical analyses
Statistical calculations and graphs were produced us-
ing Cochrane Review Manager (RevMan) software, ver.
5.0 (Cochrane Collaboration, Oxford, UK). Two-tailed
statistical significance was set at 5%, except for the Co-
chran’s chi-square test for heterogeneity, which used
a 10% level of significance. The Dersimonian-Laired
method was used for the random-effects model. The
pooled results for each outcome are presented as odds
ratios (ORs) with 95% confidence intervals (CIs).
Before applying approximate chi-square tests for

KJIM™

heterogeneity, we assessed the studies for heterogene-
ity in patient characteristics, interventions, and out-
comes. Statistical heterogeneity was also examined
with I? statistics, where I? values = 50% were consid-
ered to be indicators of a substantial level of heteroge-
neity. Forest plots were also used for visual inspection.
Funnel plots of effect estimates against the standard
error were examined to assess publication bias.

RESULTS

The seven eligible studies included 87,257 patients. The
baseline characteristics of the seven trials included
in the meta-analysis are shown in Table 2. The mean
duration of follow-up was 4.6 years (range, 3 to 6 years).
The mean age of the trial patients was 66 years and 31%
were women. About 39% of the patients had diabetes
mellitus and 18% were smokers.

Table 1. Cardiovascular events and outcomes from the included studies

No. of

No. of subjects

Source b Intervention Comparison Wil Gele @S MAGH TOtal. CcV .
mortality mortality
AASK 436 ACE inhibitor Ramipril 19 23 20 89 34 12
441 B-Blockers Metoprolol 18 23 22 85 49 12
217 CCB Amlodipine 5 9 8 28 22 7
ALLHAT 15,255 Diuretics Chlorthalidone 1,362 675 870 3,941 2,203 996
9,048 CCB Amlodipine 798 377 706 2,432 1,256 603
9,054 ACE inhibitor Lisinopril 796 457 612 2,514 1314 618
IDNT 567 CCB Amlodipine 27 15 93 161 83 37
579 ARBs Irbesartan 44 28 60 172 87 52
ASCOT 9,639 CCB Amlodipine 429 327 134 1,193 738 263
9,618 B-Blockers Atenolol 474 422 159 1,438 820 342
VALUE 7,596 CCB Amlodipine 313 281 400 1,298 818 304
7,649 ARBs Valsartan 369 322 354 1,349 841 304
CASE-] 2,349 CCB Amlodipine 18 47 16 134 86 15
2,354 ARBs Candesartan 17 60 20 134 73 11
ACCOM- 5,744 ACE inhibitor + Benazepril + 125 112 100 552 236 107
PLISH CCB Amlodipine
5,762 ACE inhibitor + Benazepril + 159 133 96 679 262 134
Diuretics HCT

MI, myocardial infarction; CHF, congestive heart failure; MACE, major adverse cardiovascular events; CV, cardiovascular;
ACE, angiotensin-converting enzyme; CCB, calcium channel blocker; HCT, hydrochlorothiazide.
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K decreased with amlodipine-based regimens compared
A with other antihypertensive drugs (OR, 0.91; 95% CI,
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- . — . 3 — 3
fglz s . 2 m= g 0.84 t0 0.99; p = 0.03; heterogeneity p = 0.13) (Fig. 2). The
g “ risk reduction of amlodipine-based therapy was sim-
w . .
ilar to that of the non-CCB-based regimen, although
g neither reached statistical significance due to a de-
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EXIQ & SRR :
2 z creased sample size. Each study result, except CASE-]
and ALLHAT (comparisons of amlodipine with an
g ACE inhibitor), showed similar favorable results for
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g
A
Stroke
- Amlodipine provided better protection against stroke
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o - N N * compared with non-CCB-based conventional regi-
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éﬁ mens and with RAS-blocking regimens. As a result,
the risk of stroke was significantly decreased with
A amlodipine-based regimens compared with other an-
% _ tihypertensive drugs (OR, 0.84; 95% CI, 0.79 to 0.90; p
o . . _ . . P
& £ < 0.00001; heterogeneity p = 0.55) (Fig. 3). The individ-
w U
e 208 732538 3l
EE|N Sxw T 0w T T e
2 g o A4 Q@ H g g
hq;‘) - Amlodipine Control Odds ratio Odds ratio
5 e Study of subgroup Welght M-H, random M-H, random
Z Events Total Events Total (%) N ! ' ’
g o 95% Cl 95% Cl
3] "E Amlodipine vs. Non-CCB-based conventional regimen
E ,L: AASK_BB 2006 5 217 18 441 o7  055(0.20-.51) ——————
g ACCOMPLISH 2008 125 5744 159 5762 9.2  0.78(0.62-0.99) —
; j ALLHAT_D 2002 798 9,048 1362 15255 259  0.99(0.90-1.08) E
o o 8 ASCOT 2005 429 9,639 474 9,618 191  0.90(0.79-1.03) -
s :.s o B - Mmoo <+ Y m - Subtotal (95% Cl) 24,648 3,076 549  0.91(0.82-1.02) ¢
E % ~m E Total events 1,357 2,013
:O i Heterogeneity: Tau® = 0.00; chi’ = 4.82, df = 3 (p = 0.19); I’ = 38%
= E‘ Test for overall effect: Z = 1.61 (p = 0.11)
o Amlodipine vs. RAS-blocking regimen
,.g 2 AASK_ACEI 2006 5 217 19 436 07  0.52(0.19-1.41) ————
Oa 5 '_S" ALLHAT_ACEl 2002 798 9,048 796 9,054 23.9  1.00(0.91-1.11) +
g — '_o‘ S —= g <] 5 = o) CASE-] 2003 18 2,348 17 235 15 1.06(0.55-2.06) —_—t
1z} 0 a2 8 8B 8 38 & £ =g ]
w| E | &5 &85 £ g 8|3 INT 2003 7w e 26 obloged T
'E & é 8“ < g & 5 b & 2|9 VALUE 2004 313 7,596 369 7,649 164  0.85(0.73-0.99) —
=} E p? o E 5 'bu 2 = Fg ..C:U 3 Subtotal (95% Cl) 19,777 20,072 451  0.88 (1.75-1.05) L |
=] 8 2 '_'E' = A = S o | @ Total events 1,161 1,245
7] Hl
=] O "& 5 Heterogeneity: Tau® = 0.00; chi® = 7.76, df = 4 (p = 0.10); I’ = 48%
E T ar Test for overall effect Z = 1.41 (p = 0.16)
s m Total (95% Cl) 44,425 51,148 100.0 0.91(0.84-0.99) |
-g g A Total events 2,518 3,258
a: 'Fd ol « « S <+ o0 o0 ;'f: Heterogeneity: Tau® = 0.00; chi® =12.58, df = 8 (p = 0.13); I’ = 36% 0.2 o5 |1 2 5
g E & §] § 8 g § § § é Test for overall effect: Z = 2.20 (p = 0.03) Favours amlodipine Favours control
S |2 3
2 & 5 . - s Lo
g = —? Figure 2. Effects of amlodipine on myocardial infarction in
£ S trials comparing other antihypertensive drugs [7-13]. Blue
& Il = squares represent treatment-to-control odds ratios in the
« . . . . .
< E = trials; their size is proportional to the number of events.
3 . o .
© > Eom o— S| B The 95% confidence intervals (CIs) for individual trials are
O\l [ . . .
o | = M E ; 8 D M 8 o denoted by lines, while those for pooled odds ratios are de-
= ﬁ :CC j a2 <>C 5 g % noted by diamonds. CCB, calcium channel blocker; RAS,
H = 2]

renin-angiotensin system.
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ual study results showed a similar range of protection
with amlodipine.

Amlodipine Control Odds ratio Odds ratio
——————— ————— Welght
Study of subgroup Events Total Events Total (%) M-H, random, M:-H, random,
95% Cl 95% Cl
Amlodipine vs. Non-CCB-based conventional regimen
AASK_BB 2006 9 217 23 441 o7 079(036-173) ———4—
ACCOMPLISH 2008 112 5744 133 5762 6.9 0.84(0.65-1.09) —
ALLHAT_D 2002 377 9,048 675 15255 27.0 0.94(083-1.07) #
ASCOT 2005 327 9,639 422 9,618 207  0.77(0.66-0.89) -+
Subtotal (95% Cl) 24,648 3,076 554  0.85(0.75-0.96) ¢
Total events 925 1,263
Heterogeneity: Tau® = 0.00; chi® = 4.28, df = 3 (p = 0.23); I’ = 30%
Test for overall effect: Z = 2.65 (p = 0.008)
Amlodipine vs. RAS-blocking regimen
AASK_ACEI 2006 9 217 23 436 o7 o78(035Lyy) ———
ALLHAT_ACEl 2002 377 9,048 457 9,054 23.0 0.82(0.71-0.94) +
CASE-J 2003 47 2,348 30 235 3.0 078(0.53-1.15) _
IDNT 2003 15 567 28 579 11 0.53(0.28-1.01)
VALUE 2004 281 7,506 322 7,649 168  0.87(0.74-1.03) —+
Subtotal (95% CI) 19,777 20,072 44.6  0.83(0.75-0.91) ¢
Total events 729 890
Heterogeneity: Tau® = 0.00; chi® = 2.37, df = 4 (p = 0.67); I’ = 0%
Test for overall effect Z = 3.73 (p = 0.0002)
Total (95% Cl) 44,425 51,148 100.0 0.84(0.79-0.90) [}
Total events 1,554 2,143
Heterogeneity: Tau® = 0.00; chi® = 6.91, df = 8 (p = 0.55); I’ = 0% oﬁ.s_l_'z_;

Test for overall effect: Z = 5.01 (p = 0.00001) Favours amlodipine Favours control

Figure 3. Effects of amlodipine on stroke in trials compar-
ing other antihypertensive drugs [7-13]. CI, confidence inter-
val; CCB, calcium channel blocker; RAS, renin-angiotensin
system. See Figure 2 for additional details.
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Heart failure

The risk of heart failure seemed to increase with mar-
ginal significance with amlodipine-based regimens
compared with other antihypertensive drugs (OR, 1.14;
95% CI, 0.98 to 1.31; p = 0.08; heterogeneity p = 0.0008,
Fig. 4). An analysis of the overall results showed an infe-
rior effect of amlodipine-based regimens compared with
RAS-blocking regimens (OR, 1.19; 95% CI, 1.03 to 1.37; p
= 0.02; heterogeneity p = 0.16). However, when compared
with non-CCB-based conventional regimens, amlodip-
ine-based regimens showed a comparable effect (OR, 1.04;
95% CI, 0.75 to 1.44; p = 0.82; heterogeneity p = 0.0002).
Among the trials comparing conventional therapies,
ALLHAT-diuretics (chlorthalidone) were significantly
more effective than amlodipine-based regimens, whereas
other trials, including ACCOMPLISH with hydrochlo-
rothiazide, showed no significant difference compared
with amlodipine-based regimens.

Combined major cardiovascular events

Cardiovascular disease events, which combined CHD,
stroke, CHF, and other cardiovascular disease mor-
talities, were compared. Amlodipine-based regimens
showed a 10% risk reduction, which was statistically
significant (OR, 0.90; 95% CI, 0.82 to 0.99; p = 0.02;

Amlodipine Control Welght Odds ratio 0Odds ratio Amlodipine Control Welght Odds ratio Odds ratio

Study of subgroup Events Total Events Total (%) M- g;;nc(:om, M- g;;rgom, Study of subgroup Events Total Events Total (%) M- g;(;:r(ljdlom, M- zgizrédlom,

Amlodipine vs. Non-CCB-based conventional regimen Amlodipine vs. Non-CCB-based conventional regimen
AASK_BB 2006 8 217 22 441 26  0.73(0.32-167) I AASK_BB 2006 28 217 8 4 3.4 0.62(0.39-0.98) e
ACCOMPLISH 2008 100 5,744 96 5762 1.7  1.05(0.79-139) —— ACCOMPLISH 2008 552 5744 679 5762 13.8 0.80(0.71-0.90) he
ALLHAT_D 2002 706 9,048 870 15255 19.4 140 (1.26-1.55) + ALLHAT_D 2002 2,432 9,048 3,941 15255 16.5 1.06(0.99-1.12) - [
ASCOT 2005 134 9,639 159 9,618 138 0.84(0.67-1.06) —H ASCOT 2005 1193 9,639 1,438 9,618 155 0.80(0.74-0.87) ’
Subtotal (95% Cl) 24,648 3,076 47.5  1.04(0.75-1.44) <> Subtotal (95% Cl) 24,643 3,076 492 0.85(0.69-1.03)
Total events 948 1,147 Total events 4,205 6,143
Heterogeneity: Tau’ = 0.08; chi” = 19.20, df = 3 (p = 0.0002); I = 84% Heterogeneity: Tau® = 0.03; chi® = 39.23, df = 3 (p < 0.00001); I” = 92%
Test for overall effect: Z = 0.23 (p = 0.82) Test for overall effect: Z =1.68 (p = 0.09)

Amlodipine vs. RAS-blocking regimen Amlodipine vs. RAS-blocking regimen
AASK_ACEI 2006 8 217 20 436 26 080(034-184) ——F AASK_ACEI 2006 28 217 89 436 34 0.58(0.36-0.92) -
ALLHAT_ACEl 2002 706 9,048 612 9,054 19.0  1.17(1.04-131) - ALLHAT_ACEl 2002 2,432 9,048 2,514 9,054 16.3 0.96(0.90-1.02) 4
CASE-J 2003 16 2,349 20 2354 3.9 0.80(0.41-1.55) I CASE-) 2003 134 2,349 134 2354 8.0 1.00(0.78-1.28) 1T
IDNT 2003 93 567 60 579 9.5 170 (120-2.40) - IDNT 2003 161 567 172 579 77 0.94(0.73-1.21) -
VALUE 2004 400 7,596 354 7,649 176 115(0.99-1.33) [+ VALUE 2004 1,208 7,596 1,349 7,649 155 0.96(0.89-1.05) N
Subtotal (95% Cl) 19,777 20,072 525  119(1.03-1.37) \ Subtotal (95% Cl) 19,777 20,072 50.8  0.95(0.89-1.01) U
Total events 1,223 1,066 Total events 4,053 4,258
Heterogeneity: Tau® = 0.01; chi® = 6.56, df = 4 (p = 0.16); I’ = 39% Heterogeneity. Tau® = 0.00; chi® = 4.79, df = 4 (p = 0.31); I = 16%
Test for overall effect: Z = 2.35 (p = 0.02) Test for overall effect: Z =157 (p = 0.12)
Total (95% Cl) 44,425 51,148 100.0 114 (0.98-1.31) . Total (95% Cl) 44,425 51,148 100.0 0.90 (0.82-0.99) ¢
Total events 2,171 2,213 Total events 8,258 10,401
Heterogeneity: Tau® = 0.02; chi® = 26.80, df = 8 (p = 0.0008); I* = 70% oh’_s_l_'z_; Heterogeneity: Tau® + 0.02; chi® = 44.43, df = 8 (p = 0.0001); I” = 82% o'i'.5_1_'z_;

Test for overall effect: Z = 1.73 (p = 0.08) Favours amlodipine Favours control

Test for overall effect: Z = 2.27 (p = 0.02) Favours amlodipine Favours control

Figure 4. Effects of amlodipine on congestive heart failure
in trials comparing other antihypertensive drugs [7-13]. CI,
confidence interval; CCB, calcium channel blocker; RAS, re-
nin-angiotensin system. See Figure 2 for additional details.
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Figure 5. Effects of amlodipine on major cardiovascular
events in trials comparing other antihypertensive drugs [7-
13]. CI, confidence interval; CCB, calcium channel blocker;
RAS, renin-angiotensin system. See Figure 2 for additional
details.
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heterogeneity p < 0.00001) (Fig. 5). In terms of the
absolute value of risk reduction, the OR for amlodip-
ine-based regimens seemed to show lower risk com-
pared with non-CCB-based conventional regimens
(OR, 0.85) or RAS-blocking regimens (OR, 0.95). How-
ever, neither sub-analysis was statistically significant.

Total and cardiovascular mortality

Lastly, we compared the risk of total and cardiovascular
mortality on an amlodipine-based regimen with that
on other antihypertensive drugs. Amlodipine-based
regimens demonstrated a significant risk reduction
compared with other antihypertensive drugs (OR, 0.95;
95% CI, 0.91 to 0.99; p = 0.01; heterogeneity p = 0.70)
(Fig. 6A). The extent of risk reduction was greater when
compared with non-CCB-based conventional regimens
(OR, 0.93; 95% CI, 0.88 to 0.98; p = 0.01; heterogeneity
p = 0.72). The risk was not increased when compared
with RAS-blocking regimens (OR, 0.97; 95% CI, 0.91 to
1.03; p = 0.37; heterogeneity p = 0.55).

The tendency was the same in cases of cardiovascular
mortality. However, due to fewer events (4,427 cardiovas-
cular mortality vs. 10,200 total mortality), there was no
statistical significance (Fig. 6B).

Total mortality

The Korean Journal of Internal Medicine Vol. 29, No. 3, May 2014

DISCUSSION

This meta-analysis of seven large-scale, actively con-
trolled, long-term outcome trials that included 87,257
patients shows that amlodipine-based regimens re-
duced the risk of myocardial infarction and stroke
compared with non-CCB antihypertensive therapy.
Amlodipine-based regimens reduced the risk of total
cardiovascular events by 10%, and, surprisingly, sig-
nificantly reduced the risk of total mortality compared
to non-CCB antihypertensive therapies. For the most
part, the results of our study are consistent with those
of a meta-analysis of 27 overall CCB studies, which
was performed before the ACCOMPLISH study was
published [1]. However, the current study has several
unique features that distinguish it from the previous
meta-analysis.

First, this study analyzed the effect of a single DHP
CCB, amlodipine. We intended to minimize the con-
founding effect of variability of treatment due to the
substantial difference between DHPs and non-DHP
CCBs [16]. This approach was possible since amlodip-
ine was predominantly used as either the treatment
regimen or the control regimen in more than half of

Cardiovascular mortality

Amlodipine Control Odds ratio Odds ratio Amlodipine Control Odds ratio Odds ratio
Study of subgroup "~ Weleht \\ H, random M-H, random, Studyof subgroup Welght 1 1, random, M-H, random,
Events Total Events Total (%) 95% Cl ' 9;% a Events Total Events Total (%) 9% €1 41561

Amlodipine vs. Non-CCB-based conventional regimen Amlodipine vs. Non-CCB-based conventional regimen
AASK_BB 2006 22 217 49 441 0.6 0.90(0.53-1.54) e AASK_BB 2006 7 217 12 441 11 119(0.46-3.07) —
ACCOMPLISH 2008 236 5744 262 5762 54 0.90(0.75-1.08) -T ACCOMPLISH 2008 107 5744 134 5762 10.4 0.80(0.62-1.03) ]
ALLHAT_D 2002 1,266 9,048 2,203 15255  3L5 0.95(0.89-1.03) _:_ ALLHAT_D 2002 603 9,048 996 15255 23.8 1.02(0.92-1.14) . i
ASCOT 2005 738 9,639 820 9,618 164 0.89(0.80-0.99) ASCOT 2005 263 9,639 342 9,618 174 0.76(0.65-0.90)
Subtotal (95% Cl) 24,648 31,076 53.9 0.93(0.88-0.98) | Subtotal (95% Cl) 24,648 3,076 528  0.88(0.72-1.07) ‘
Total events 2,252 3,334 Total events 980 1,484
Heterogeneity: Tau® = 0.00; chi® =133, df = 3 (p = 0.072); I = 0% Heterogeneity: Tau® = 0.03; chi® = 10.57, df = 3 (p = 0.01); I’ = 72%
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Figure 6. Effects of amlodipine on total and cardiovascular mortality in trials comparing other antihypertensive drugs [7-13]. (A)
Total mortality. (B) Cardiovascular mortality. CI, confidence interval; CCB, calcium channel blocker; RAS, renin-angiotensin

system. See Figure 2 for additional details.
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the overall outcome studies with a CCB arm [1].

Second, this meta-analysis was limited to data from
actively controlled trials to minimize the effect of blood
pressure reductions observed in placebo-controlled tri-
als. Although there were still blood pressure differences
of up to 2.1 mmHg, which were lower in the amlodipine
arms, the difference in blood pressure in the enrolled
trials was much less than that in other meta-analyses,
including placebo-controlled trials.

Lastly, we enrolled only trials that evaluated long-
term outcomes, and thus had clearly defined primary
and secondary endpoints. As most long-term outcome
studies enrolled a far larger number of patients than
small-scale intermediate endpoint studies, the current
study avoided selection bias.

Since the six outcome trials analyzed in this study,
except the ACCOMPLISH trial, were also included in
a previous meta-analysis of 27 overall CCB studies that
was published before the ACCOMPLISH study [1], we
assumed that the risk reduction in total mortality and
stroke by DHP CCBs would be reproduced in this me-
ta-analysis. However, surprisingly, this study showed a
significant risk reduction in myocardial infarction as
well as composite cardiovascular events, which was not
significant in the previous meta-analysis that com-
bined the results of all CCBs, including non-DHP
CCBs. There are several possible explanations for this
difference.

The previous meta-analysis of CCBs showed a lack of’
protection against myocardial infarction (OR, 1.00; 95%
CI, 0.95 to 1.04; p = 0.83) [1]. However, there were signif-
icant heterogeneities among the individual study re-
sults. In this study, an amlodipine-based regimen
showed a significant risk reduction of 9%, which was
consistent across the enrolled studies (OR, 0.91; 95% CI,
0.84 to 0.99; p = 0.03). Although it is debatable whether
certain classes of antihypertensive agents are more ef-
fective than others, several papers have suggested that
ACE inhibitors more effectively prevent coronary artery
disease than CCBs. For example, a meta-analysis per-
formed by Verdecchia et al. [17] reported a nonsignifi-
cant reduction in coronary artery disease risk by CCBs
compared with a placebo. However, the results were
largely heterogeneous for the enrolled studies. In this
aspect, the significant risk reduction of 9% for myocar-
dial infarction observed in this study did not contradict
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previous studies, but rather reflects homogeneity
among studies that might be related to a single agent,
amlodipine. The significant risk reduction in myocar-
dial infarction by amlodipine is consistent with inter-
mediate endpoint study results showing the antiathero-
sclerotic effect of DHP CCBs [18] and, specifically, the
effect of amlodipine [19).

A second noteworthy finding regarded stroke preven-
tion. It is widely accepted that CCBs are superior to
other classes of antihypertensive agents for stroke pre-
vention [20]. However, it remains debatable whether the
protective effects are due to a reduction in blood pres-
sure or to the ancillary effects of CCBs [21]. Our study
revealed a significant risk reduction of 15%, which is
also consistent with the overall CCB meta-analysis.
Notably, because this meta-analysis confined the data
from an active-controlled trial, there were blood pres-
sure differences less than 2.1 mmHg between the am-
lodipine-based regimens and other antihypertensive
arm. Moreover, the amlodipine-based regimens
showed a risk reduction of approximately 15% regard-
less of the counterpart regimen, whether it was a non-
CCB-based conventional regimen (e.g., diuretics and
-blockers) or a RAS-blocking regimen (e.g., ACE in-
hibitors and ARBs), which supports the ‘beyond blood
pressure lowering’ effect of amlodipine. The mecha-
nism behind stroke prevention by CCBs remains to be
clarified. However, the longer duration of efficacy of
CCBs compared with other classes might enable better
blood pressure control in the early morning, which is
considered the high-risk period for stroke [22]. In addi-
tion, it was recently suggested that the reduced blood
pressure variation achieved with CCBs as compared
with other classes of antihypertensives provides greater
stroke prevention [23].

Perhaps the most striking result of this study regard-
ed heart failure prevention. An overall CCB meta-anal-
ysis reported that the risk of heart failure was increased
by CCB-based regimens compared with non-CCB treat-
ments by 17% with substantial heterogeneity among
studies [1]. The inferiority of CCBs was confirmed in
this meta-analysis, which compared the effect of am-
lodipine with that of RAS-blocking agents such as ACE
inhibitors or ARBs. In contrast, amlodipine-based regi-
mens showed comparable results versus non-CCB-
based conventional regimens such as diuretics or
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R-blockers. This comparability was obscured in a previ-
ous meta-analysis, which reported that overall CCBs,
including non-DHP CCBs, were inferior, even to con-
ventional regimens [1]. There was considerable hetero-
geneity in the effect among studies, including for con-
ventional treatments. Only the ALLHAT-diuretics arm
showed a far superior risk reduction by diuretics com-
pared to amlodipine-based regimens. The incidence
of CHF adjudication may have been overestimated in
the case of CCBs due to ankle edema, a well-known
adverse effect of CCBs that is unrelated to CHF. In
contrast, CHF incidence might be underestimated in
the diuretic arm because fluid retention caused by
CHEF is relieved by diuretics. This underestimation/
overestimation may have been particularly substantial
in the ALLHAT trial, which did not adjudicate heart
failure as endpoints before study initiation [7]. Con-
versely, in the ACCOMPLISH trial, which classified
heart failure as that requiring hospitalization, there
was no significant difference (100 events in 5,744 pa-
tients vs. 96 events in 5,762 patients; OR, 1.04; 95% CI,
0.79 to 1.38; p = 0.77) between amlodipine- and hydro-
chlorothiazide-based regimens [8]. Although we accept
the suggestion that ACE inhibitors and ARBs are su-
perior to CCBs in heart failure prevention, the obser-
vation that CCBs are inferior to all other classes of an-
tihypertensives cannot be over-interpreted, not only
because CCBs showed an invariable risk reduction for
heart failure by 28% compared with a placebo [1] but
also because the heart failure incidence was compara-
ble between the amlodipine-based regimens and non-
CCB-based conventional regimens, as shown in this
meta-analysis.

Lastly, amlodipine-based regimens showed an in-
variable reduction in total cardiovascular events of
10% and reduction in total mortality of 5%. The only
exception was the ALLHAT-diuretics study, which
showed a far superior reduction in heart failure inci-
dence, as mentioned before. Although the risk reduc-
tion in cardiovascular mortality was not significant
(OR, 0.93; 95% CI, 0.84 to 1.02; p = 0.13), this lack of sig-
nificance could have been due to fewer events.

This study has some limitations. Although we includ-
ed all long-term outcome trials, small-scale intermedi-
ate endpoints studies were excluded, possibly resulting
in deviation of the meta-analysis. The definition of car-
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diovascular events, especially the definition of CHF, dif-
fered between the trials. Due to limitations on our abili-
ty to access data from individual patients, we did not
perform a multivariable analysis, including potential ef-
fect modifiers such as mean age, sex, cigarette use, and
previous cardiovascular diseases, which could have
caused bias. Finally, all of the trials included in this me-
ta-analysis used amlodipine besylate; therefore, we can-
not speculate whether the results of this study can be
extrapolated to other amlodipine salt formulations.

In conclusion, our meta-analysis showed a signifi-
cant reduction in total cardiovascular events by 10%
and in total mortality by 5% for amlodipine compared
with non-CCB antihypertensive therapies, which had
not been demonstrated previously in other meta-anal-
yses of CCBs. We also identified a protective effect
against myocardial infarction and stroke. CHF inci-
dence seemed to be increased with amlodipine com-
pared with ACE inhibitors or ARBs, but was compara-
ble to that with $-blockers and diuretics. Therefore,
amlodipine can be safely used in high-risk cardiac pa-
tients and is associated with benefits for all major car-
diovascular endpoints as well as total mortality.

KEY MESSAGE

1. Amlodipine-based regimens reduced the risk of
total cardiovascular events and mortality com-
pared with noncalcium channel blocker antihy-
pertensive therapies.

Conflict of interest
Hye-Jin Park and Su-Kyoung Ko are statisticians and
employees in Pfizer Pharmaceuticals Korea, Ltd.

Acknowledgments

This study was supported by a grant from the Korea
Healthcare Technology R&D Project, Ministry for
Health, Welfare, and Family Affairs, Republic of Korea
(Aoyooor; to Hae-Young Lee). The statistical analyses
were supported by Hye-Jin Park and Su-Kyoung Ko of’
Pfizer Pharmaceuticals Korea, Ltd. The corresponding
author received no honorarium/fee or other form of

http://dx.doi.org/10.3904/kjim.2014.29.3.315


www.kjim.org

Lee SA, et al. Amlodipine and cardiovascular morbidity and mortality

financial support related to the development of this
article. We requested English editorial assistance from
Harisco (http://www.harisco.net).

REFERENCES

1. Costanzo P, Perrone-Filardi P, Petretta M, et al. Calcium
channel blockers and cardiovascular outcomes: a me-
ta-analysis of 175,634 patients. ] Hypertens 2009;27:1136-
1151.

2. Pahor M, Psaty BM, Alderman MH, et al. Health out-
comes associated with calcium antagonists compared
with other first-line antihypertensive therapies: a
meta-analysis of randomised controlled trials. Lancet
2000;356:1949-1954.

3. Blood Pressure Lowering Treatment Trialists' Collabo-
ration, Turnbull F, Neal B, et al. Effects of different reg-
imens to lower blood pressure on major cardiovascular
events in older and younger adults: meta-analysis of
randomised trials. BMJ 2008;336:1121-1123.

4. Frishman WH. Calcium channel blockers: differences
between subclasses. Am J Cardiovasc Drugs 2007;7 Sup-
pliny-23.

5. Makarounas-Kirchmann K, Glover-Koudounas S,
Ferrari P. Results of a meta-analysis comparing the
tolerability of lercanidipine and other dihydropyridine
calcium channel blockers. Clin Ther 2009;31:1652-1663.

6. IMS Health. The most prescribed drugs according to
IMS Health. Danbury (CT): IMS Health, 2011.

7. ALLHAT Officers and Coordinators for the ALLHAT
Collaborative Research Group; The Antihypertensive
and Lipid-Lowering Treatment to Prevent Heart At-
tack Trial. Major outcomes in high-risk hypertensive
patients randomized to angiotensin-converting en-
zyme inhibitor or calcium channel blocker vs diuretic:
The Antihypertensive and Lipid-Lowering Treat-
ment to Prevent Heart Attack Trial (ALLHAT). JAMA
2002;288:2981-2997.

8. Jamerson K, Weber MA, Bakris GL, et al. Benazepril
plus amlodipine or hydrochlorothiazide for hyperten-
sion in high-risk patients. N Engl ] Med 2008;359:2417-
2428.

9. Wright JT Jr, Bakris G, Greene T, et al. Effect of blood
pressure lowering and antihypertensive drug class on

progression of hypertensive kidney disease: results

http://dx.doi.org/10.3904/kjim.2014.29.3.315

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

KJIM™

from the AASK trial. JAMA 2002;288:2421-2431.

Dahlof B, Sever PS, Poulter NR, et al. Prevention of car-
diovascular events with an antihypertensive regimen
of amlodipine adding perindopril as required versus
atenolol adding bendroflumethiazide as required, in
the Anglo-Scandinavian Cardiac Outcomes Trial-Blood
Pressure Lowering Arm (ASCOT-BPLA): a multicentre
randomised controlled trial. Lancet 2005;366:895-906.
Lewis EJ, Hunsicker LG, Clarke WR, et al. Renopro-
tective effect of the angiotensin-receptor antagonist
irbesartan in patients with nephropathy due to type 2
diabetes. N Engl ] Med 2001;345:851-860.

Julius S, Kjeldsen SE, Weber M, et al. Outcomes in hy-
pertensive patients at high cardiovascular risk treated
with regimens based on valsartan or amlodipine: the
VALUE randomised trial. Lancet 2004;363:2022-2031.
Ogihara T, Nakao K, Fukui T, et al. Effects of candesar-
tan compared with amlodipine in hypertensive patients
with high cardiovascular risks: candesartan antihyper-
tensive survival evaluation in Japan trial. Hypertension
2008;51:393-398.

Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D,
Stroup DF. Improving the quality of reports of me-
ta-analyses of randomised controlled trials: the
QUOROM statement. Quality of Reporting of Me-
ta-analyses. Lancet 1999;354:1896-1900.

Sowers JR. Comorbidity of hypertension and diabetes:
the fosinopril versus amlodipine cardiovascular events
trial (FACET). Am J Cardiol 1998;82:15R-19R.

Turnbull FM, Woodward M. Calcium antagonists revis-
ited. ] Hypertens 2009;27:1121-1122..

Verdecchia P, Reboldi G, Angeli F, et al. Angioten-
sin-converting enzyme inhibitors and calcium channel
blockers for coronary heart disease and stroke preven-
tion. Hypertension 2005;46:386-392.

Zanchetti A, Bond MG, Hennig M, et al. Calcium an-
tagonist lacidipine slows down progression of asymp-
tomatic carotid atherosclerosis: principal results of the
European Lacidipine Study on Atherosclerosis (ELSA), a
randomized, double-blind, long-term trial. Circulation
2002;106:2422-2427.

Mason RP. Mechanisms of plaque stabilization for the
dihydropyridine calcium channel blocker amlodipine:
review of the evidence. Atherosclerosis 2002;165:191-199.
Mancia G, De Backer G, Dominiczak A, et al. 2007

Guidelines for the management of arterial hyperten-

www.kjim.org 323


www.kjim.org
http://www.harisco.net

KJIM™

sion: The Task Force for the Management of Arterial
Hypertension of the European Society of Hypertension
(ESH) and of the European Society of Cardiology (ESC).
J Hypertens 2007;25:1105-1187.

21. Law MR, Morris JK, Wald NJ. Use of blood pressure
lowering drugs in the prevention of cardiovascular dis-
ease: meta-analysis of 147 randomised trials in the con-
text of expectations from prospective epidemiological

324 www.kjim.org

The Korean Journal of Internal Medicine Vol. 29, No. 3, May 2014

22.

23.

studies. BMJ 2009;338:b1665.

Lee HY, Park JB. Prevalence and risk factors of masked
hypertension identified by multiple self-blood pressure
measurement. Hypertension 2008;52:e137-e138.
Rothwell PM, Howard SC, Dolan E, et al. Prognostic
significance of visit-to-visit variability, maximum sys-
tolic blood pressure, and episodic hypertension. Lancet

2010;375:895-905.

http://dx.doi.org/10.3904/kjim.2014.29.3.315


www.kjim.org

