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ABSTRACT

Introduction: Hypertension is a progressive
cardiovascular condition arising from complex
aetiologies. Progression is strongly associated
with functional and structural abnormalities
that lead to multi-organ dysfunction. Stroke
and myocardial infarction are two of the major
complications of hypertension in India. Various
anti-hypertensive drugs, such as calcium chan-
nel blockers (CCBs), beta-blockers, diuretics,
angiotensin-converting enzyme inhibitors and
angiotensin receptor blockers, have been the
medications of choice for disease management
and are known to be effective in reducing the

complications of hypertension. CCBs, such as
amlodipine, are also currently being used and
proven to be effective, although their beneficial
effects in the management of complications of
hypertension like stroke and myocardial
infarction (MI) have yet to be proven. There-
fore, the aim of this systematic review was to
evaluate the effect of amlodipine on stroke and
MI in hypertensive patients.
Methods: A systematic search of English elec-
tronic databases was performed for studies with
sufficient statistical power that were published
between 2000 andl 30 August 2020, following
the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) criteria. A
total of 676 papers were screened, and 13 were
found eligible to be included in the meta-anal-
ysis. Studies that included patients who suffered
from MI or stroke and were under amlodipine
treatment were included in the analysis. The
odds ratio and the risk ratio of amlodipine
compared to active control/placebo were noted
from the studies and statistically analyzed.
Results: Amlodipine had a significant effect in
reducing stroke and MI in hypertensive
patients. Similar to results published in reports,
this systematic review proved that the hazard
ratio for amlodipine was\1 for stroke
(0.69–1.04) and MI (0.77–0.98), showing that
amlodipine accounted for better prevention of
stroke and MI.
Conclusion: In the pooled analysis of data from
12 randomised controlled trials and one double-
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blinded cohort study measuring the effect of
CCBs, we found that the CCB amlodipine
reduced the risk of stroke and MI in hyperten-
sive patients. Superior results for amlodipine
were found in ten of the 13 studies included in
this meta-analysis.

Keywords: Amlodipine; Hypertension; Stroke;
Myocardial infarction; Hazard ratio; Risk ratio

Key Summary Points

Stroke and myocardial infarction (MI) are
two significant complications of
hypertensive patients in India.

Various anti-hypertensive drugs, such as
calcium channel blockers, have been the
first choice for managing and effectively
reducing the complications of
hypertension. Amlodipine, a calcium
channel blocker, is also currently being
used and has proven to be effective in
treating patients with stroke, although its
beneficial effects on MI have yet to be
demonstrated.

The aim of this systematic review was to
evaluate the effect of amlodipine on
stroke and MI in hypertensive patients.

Pooled analysis of data from 12
randomised controlled trials and one
double-blinded cohort study measuring
the effect of amlodipine demonstrated
that amlodipine significantly reduced the
risk of stroke and MI in hypertensive
patients. Superior results for amlodipine
were found in ten of the 13 studies
included in the systematic review.

INTRODUCTION

Hypertension is a multi-factorial disorder that
results from a complex interplay of environ-
mental and genetic factors. The complexity of
blood pressure (BP) control mechanisms has

significant implications for an individual’s
responsiveness to anti-hypertensive drugs, such
as like calcium channel blockers (CCBs), beta
blockers, angiotensin-converting enzyme (ACE)
inhibitors, angiotensin II receptor blockers
(ARBs), diuretics, among others.

Uncontrolled hypertension may increase the
risk of stroke and myocardial infarction (MI) by
fivefold. Stroke and MI are the leading causes of
mortality and morbidity in the world, affecting
both younger and older individuals [1]. The
effective treatment of hypertension and its
associated risk factors reduces the risk of
hypertensive complications, such as stroke, MI,
cardiac failure and renal failure. However,
despite current treatment possibilities, hyper-
tension remains a potential risk factor for MI as
well as fatal and nonfatal strokes [2]. The
authors of a meta-analysis of nine trials con-
cluded that CCBs were associated with a 10%
lower risk of stroke when compared with treat-
ment with different anti-hypertensive drugs [3].
The conclusion arrived at in another meta-
analysis was that CCBs, when compared with
diuretics and beta-blockers, provided a 13.5%
reduction in the risk of stroke [4].

According to the European Society of Cardi-
ology/European Society of Hypertension (ESC-
ESH) 2018 guideline for arterial hypertension,
ACE inhibitors, ARBs, diuretics and CCBs as
monotherapy or in combination with each
other are used extensively and are listed as the
first-line agents for treating hypertension and
its complications like stroke and MI [5].

Calcium ions are the culprit that lead to
damage of the tissues in the heart and other
organs, causing stroke and MI. Massive calcium
influx into hypoxic cells is a final common
pathway, leading to cell death, and this influx
needs to be effectively blocked and managed
[6]. Calcium antagonists facilitate this process
by decreasing the influx of calcium ions
through voltage-sensitive calcium channels [7].

A meta-analysis of 17 randomised controlled
trials showed that CCBs reduced the relative risk
of stroke by 39% as compared to placebo [8].
Another meta-analysis that included 6752
patients with a previous history of cerebrovas-
cular disease (stroke or transient ischaemic
attack) showed that anti-hypertensive therapy
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resulted in a 28% reduction in risk for stroke
recurrence [9]. Following ischaemic stroke, CCB
treatment has been associated with a reduction
in mortality (odds ratio [OR] 0.38, 95% confi-
dence interval [CI] 0.17–0.88 vs. no CCB treat-
ment) and improvements in the stroke impact
scale.

Amlodipine has a strong affinity for cell
membranes, modulating calcium influx by
inhibiting selected membrane calcium chan-
nels. In the landmark ASCOT-BPLA study,
amlodipine was associated with a lower risk of
stroke than atenolol (hazard ratio [HR] 0.78,
95% CI 0.67–0.90). These authors also noted
that amlodipine was more effective in reducing
BP variability [10]. An analysis of six active
controlled trials involving an amlodipine treat-
ment group showed that amlodipine provided
more protection against stroke than other anti-
hypertensive agents (OR 0.81, 95% CI
0.75–0.87; P\ 0.0001) [11, 12]. Similarly, a
study performed by Skolnick et al. reported that
CCBs have a significant effect on the reduction
of MI and its complications [13]. A RCT con-
ducted by Dahlof et al. studied the efficacy of an
amlodipine-based regimen compared with an
atenolol-based regimen, with the authors ulti-
mately concluding that the patients on the
amlodipine-based regimen showed reduction in
incidence of fatal stroke (HR 0.90) [14].

The findings of previous studies have proved
that CCBs are efficacious medications in terms
of hypertension control, as well as the risks of
hypertension, such as stroke and MI [6, 7, 15].
Given the high prevalence of hypertension in
India, an analysis of current data is essential to
obtain a thorough understanding of the prop-
erties of CCBs to reduce the risk for stroke and
MI. Such information could aid healthcare
practitioners in selecting a better treatment
option for their hypertensive patients. There-
fore, we performed this systematic review and
meta-analysis with the aim to evaluate the
effect of amlodipine on complications of
hypertension, such as stroke and MI.

METHODS

Search Strategy

Comprehensive systematic searches of online
electronic databases, including PubMed,
Cochrane database and Google Scholar (Ad-
vanced Google search), were performed to
identify studies in which amlodipine was used
for the management of stroke and MI. We
searched the literature using the following
keywords: ‘‘Stroke’’ OR ‘‘Cerebro Vascular Acci-
dent’’ OR ‘‘CVA’’ OR ‘‘Cerebro Vascular Accident
(CVA)’’ OR ‘‘Ischaemic Stroke’’ OR ‘‘Myocardial
Infarction’’ OR ‘‘MI’’ OR ‘‘Myocardial Infarction
(MI)’’ OR ‘‘Coronary Infarction’’; ‘‘Amlodipine’’
OR ‘‘FRC-8653)’’ OR ‘‘Calcium Channel Block-
ers’’ OR ‘‘CCBs’’; ‘‘Randomised’’ OR ‘‘Random-
ized’’ OR ‘‘Prospective’’ OR ‘‘Controlled’’ OR
‘‘Uncontrolled’’ ‘‘Blinded’’ OR ‘‘Open Label’’ OR
‘‘Retrospective’’ OR ‘‘Cross-sectional’’ studies. A
total of 676 papers were screened, of which 13
were found to be eligible for inclusion in the
study. The studies included participants who
suffered from MI or stroke and were receiving
amlodipine treatment. The OR and the risk ratio
(RR) of amlodipine in comparison to active
control/placebo were noted from the studies
and statistically analysed.

Study Selection and Data Abstraction

The search of databases was restricted to English
publications. No limitation was set for age of
participants in the searched articles. The refer-
ences of identified papers were screened for any
additional article which was not identified in
the original search. One reviewer checked all
the titles and abstracts and another reviewer
checked the article. Both investigators inde-
pendently reviewed the full text of potential
studies for inclusion in the systematic review
and no inconsistency was discovered. Hand
searching was not performed, and authors of
the included articles were not contacted for
further information on the studies.

Cardiol Ther (2021) 10:429–444 431



Quality Assessment

Eligible studies met the following inclusion
criteria: (1) in the case of overlapping studies,
then only the study with larger/largest sample
size was selected; (2) the numbers of hyperten-
sion and stroke and MI cases were provided; (3)
data on CCBs and/or placebo were available; (4)
the research design was RCTs and parallel arm,
double blinded studies, and compared the effi-
cacy of different treatments. Studies were
excluded if: they did not provide the ORs, the
study population considered was different for
different drugs, no specific age criteria were
established and study populations were not
randomised.

Data Management

We screened titles, abstracts and full texts
according to the inclusion criteria and data were
extracted.

Statistical Analysis

Initially after the screening process had been
completed, data extracted from the articles,
including the ORs, HRs and RRs, with corre-
sponding 95% CIs, were entered into an Excel
spreadsheet (Microsoft Corp., Redmond, WA,
USA). STATA software version 16.0 (StataCorp,
College Station, TX, USA) was used for further
analysis of the data. We applied logs and con-
verted the values accordingly to the collected
ORs, HRs, RRs and 95% CIs. A standard error
variable was estimated based on the log-trans-
formed values of ratios and their corresponding
95% CI values. Multiple forest plots were gen-
erated for stroke and MI using the data collected
from the studies based on the ORs, HRs, RRs and
respective 95% CI. Estimated log values and
standard error values were also presented
obtained along with the weight (%) given to the
studies in the forest plots.

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any authors.

RESULTS

Characteristics of the Articles

Our search identified 676 citations up to 30
August 2020. After a title review and removal of
duplicate studies, 584 articles were excluded by
screening and 92 full-text articles remained.
Some articles did not meet the inclusion crite-
ria; on this basis, 66 full-text papers that had
insufficient data for extraction were excluded.
After screening for all the probable factors, 13
papers were assessed to be eligible for inclusion
in the systematic review. Details on the selec-
tion process are shown in Fig. 1

Search Results

Table 1 provides a summary of the 13 articles
included in the systemic review and their
methodology. The results of each study are
given in the last column toether with the
acceptable HRs and ORs. All 13 articles focused
on amlodipine and stroke, whereas five articles
focused on both MI and stroke with intake of
amlodipine. Forest plots were generated to
assess the effect of amlodipine treatment on risk
reduction of stroke and MI. Head-to-head
comparison of available ratios (ORs, HRs, RRs)
in the studies selected was performed individu-
ally for stroke and MI. Figure 2 provides the ORs
for stroke comparing amlodipine and placebo.
Figure 3a summarises the HRs of studies on
stroke which compared treatment with
amlodipine with treatment with other drugs
used to control hypertension; Fig. 3b sum-
marises the HRs of studies on stroke in which
amlodipine treatment was compared with pla-
cebo. Figure 4a summarises the HRs of studies
on MI in which amlodipine treatment was
compared with treatment with other drugs used
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to control hypertension; Fig. 4b summarises the
HRs of studies on MI in which amlodipine
treatment was compared with placebo. Fig-
ure 5a summarises the RRs of studies on stroke
in which amlodipine treatment was compared
with treatment with other drugs used to control
hypertension; Fig. 5b summarises the RRs of
studies on stroke in which amlodipine treat-
ment was compared with placebo. Figure 6
summarises the RR of studies on MI in which

amlodipine treatment was compared with
placebo.

Publication Bias

No evidence of publication bias has been found
in the current systematic review.

Fig. 1 Flow chart of study selection according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines

Cardiol Ther (2021) 10:429–444 433



T
ab
le

1
D
et
ai
ls
on

th
e
st
ud
ie
s
co
ns
id
er
ed

fo
r
th
e
sy
st
em

at
ic
re
vi
ew

St
ud

y
no

.
Fi
rs
t
au
th
or

of
st
ud

y
(s
tu
dy

na
m
e)

[r
ef
er
en
ce

no
.]

P
at
ie
nt

ch
ar
ac
te
ri
st
ic
s

M
as
ki
ng

an
d
pr
im

ar
y

ou
tc
om

e
St
ud

y
de
si
gn

A
m
lo
di
pi
ne

do
sa
ge

R
es
ul
ts

re
po

rt
ed

1
N
is
se
n
et

al
.

(C
A
M
E
L
O
T
)

[1
6]

A
m
lo
di
pi
ne

or
en
al
ap
ri
l
w
it
h

pl
ac
eb
o
in

19
91

pa
ti
en
ts

w
it
h
an
gi
og
ra
ph

ic
al
ly

do
cu
m
en
te
d
C
A
D

([
20
%

st
en
os
is
by

co
ro
na
ry

an
gi
og
ra
ph
y)

an
d

D
B
P\

10
0
m
m

H
g

D
ou
bl
e
bl
in
de
d;

C
V

de
at
h
?

M
I
?

St
ro
ke

R
an
do
m
is
ed

tr
ia
l

24
m
on
th

tr
ia
l:

am
lo
di
pi
ne
:

10
m
g

St
ro
ke
:
H
R
0.
69
;
95
%

C
I

0.
54
–0

.8
8;

p
=
0.
00
3

A
m
lo
di
pi
ne

sh
ow

ed
be
ne
fic
ia
l

ef
fe
ct
s
ov
er

E
na
la
pr
il

2
D
ah
lö
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Fig. 2 Forrest plot of the odds ratio and 95% confidence interval (CI) of stroke (amlodipine vs. placebo). SE Standard error

Fig. 3 a Forest plot of the hazard ratio (HR) of stroke (amlodipine vs. other drugs), b Forest plot of HR of stroke
(amlodipine vs. placebo)

Fig. 4 a Forest plot of hazard ratio (HR) of myocardial infarction (MI) (amlodipine vs. other drugs), b Forest plot of HR
of MI (amlodipine vs. placebo)
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Meta-Regression Analysis

Only stroke and MI were taken as drug-modi-
fying aspects or diseases with amlodipine.
Multiple factors or diseases were not considered,
and meta-regression analysis was not
performed.

DISCUSSION

To the authors’ knowledge, this is one of the
first study to report the effect of amlodipine on
stroke and MI in hypertensive patients. This
systematic review and meta-analysis evaluated
the impact of amlodipine on stroke and MI in
hypertensive patients. CCBs are the drugs of
choice for treating hypertension and its com-
plications. Uncontrolled hypertension leads to
complications such as stroke and MI, which can
be controlled and treated by the appropriate use
of anti-hypertensive drugs [28, 29].

In this systematic review and meta-analysis,
we considered the ORs, HRs, and RRs and con-
structed forest plots. The results of the selected
studies revealed that the risk of stroke and MI
events were reduced with the use of CCBs, such
as amlodipine. The results presented in the
tables of these studies provide new evidence on
CCBs that shows that Amlodipine can be ben-
eficial and reduce the incidences of stroke and
MI in hypertensive patients.

In the CAMELOT study, a decrease in BP of
3–5 mmHg in patients receiving amlodipine
treatment was accompanied by a 31% relative
reduction in morbidity, although initial BP
appeared to be ‘‘normal’’ [18]. The HR and 95%
CI for this study were 0.69 and 0.54–0.88,
respectively (p = 0.003).

In the Valsartan Antihypertensive Long-term
Use Evaluation (VALUE) trial, hypertensive
patients, of whom 46 and 20% had a history of
cornary heart disease or stroke, respectively, the
patients were randomised to an ARB or a CCB

Fig. 5 a Forest plot of risk ratio (RR) of stroke (amlodipine vs. other drugs), b Forest plot of RR of stroke (amlodipine vs.
placebo)

Fig. 6 Forest plot of risk ratio of MI (amlodipine vs placebo)

440 Cardiol Ther (2021) 10:429–444



treatment group. The median follow-up was
4.9 years. The patients who were treated with
the ARB valsartan had 2.2 mmHg higher systolic
BP than those treated with amlodipine; in
addition, the ARB-treated group had a signifi-
cantly higher rate of stroke and MI by 91 and
15% compared to the amlodipine group [24].
The overall HR favored amlodipine for the
reduction of stroke and MI in this study.

Cilnidipine is a novel CCB drug which was
recently introduced into clinical use. However,
clinical data on long-term outcomes trials on
stroke and MI with cilnidipine are still lacking.
Cilnidipine is also a long-acting CCB, like
amlodipine, but it has a shorter half-life
(2.1–2.5 vs. 35–50 h) [30]. Amlodipine has an
excellent pharmacokinetic and pharmacody-
namic profile and provides with good BP con-
trol for 24 h longer than cilnidipine. The varied
effects of its anti-anginal and anti-atheroscle-
rotic properties have made it a classical drug of
choice compared with the newer CCBs like cil-
nidipine [30]. Amlodipine is relatively cheaper
than cilnidipine and minimises BP variability,
thereby reducing the risk of cardiovascular and
cerebrovascular events, whereas data from
human trials with cilnidipine are still lacking
[31]. Due to limited data available on the effect
of cilnidipine on stroke and MI, a comparative
analysis with amlodipine was not performed in
the present systematic review.

Multiple published research studies have
proven the advantages of amlodipine over other
drugs. As evidenced by the ALLHAT [14] and
ASCOT [20] studies, an amlodipine-based anti-
hypertensive regimen might confer more out-
come benefits than other drug regimens, possi-
bly by lowering central systolic BP by 4.3 mm of
Hg [32] or ambulatory BP over 24 h. It is also
beneficial in reducing nocturnal BP and pre-
vents intima-media thickening. Another reason
for using amlodipine is its effect on systolic BP
variability, a recognised risk factor, and marker
for cardiovascular diseases.

Limitations of the Study

This study has a number of limitations.
Although this meta-analysis included all long-

term outcome trials, small-scale intermediate
endpoint studies were excluded, possibly
resulting in a deviation from the meta-analysis.
The definition of cardiovascular events and
stroke differed between the studies. Only stud-
ies of the English language were included in this
review which might make it open to language
bias. Also, the treatment follow-up duration of
studies included varied greatly, which could
result in bias.

One additional limitation found with this
study that deserves mention is the use of dif-
ferent ratios, such as RR, HR and OR. Different
studies reported different risks, i.e. uniformity
was not maintained. Risk in the present study
was minimised through an extensive search of
the available literature. Although the statistical
tests did not indicate publication bias, there is
clearly limited power to detect such bias, given
the relatively small number of studies exam-
ined. More studies with fewer limitations
should be conducted to verify the results of the
present study.

CONCLUSION

Findings of the present meta-analysis lead to
the conclusion that amlodipine has beneficial
effects in reducing the incidence of stroke and
MI in hypertensive patients. Its high tolerability
and minimal side effects compared to other
classes of anti-hypertensive drugs have made it
an agent of choice in both single and combi-
nation drug treatment to reduce the burden of
stroke and MI across the globe. The results from
this systematic review and meta-analysis may
help physicians determine the best treatment
options for their hypertensive patients for
stroke and MI prevention. However, more
studies are required to corroborate the findings
of our study.
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