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1 | INTRODUCTION

Biff F. Palmer MD? | Katherine Vogel Anderson PharmD?® |

Abstract

Hypertension is the leading cause of death worldwide, affecting 1.4 billion people.
Treatment options include the widely used calcium channel blockers, among which
amlodipine, a dihydropyridine, has unique characteristics that distinguish it from other
drugs within this class. This review aims to provide an updated overview of the evi-
dence supporting the use of amlodipine over the past 30 years and highlights its
cardiovascular benefits in current hypertension management. Amlodipine has low
renal clearance (7 mL/min/mg) and long half-life (35-50 h) and duration of action, which
allows it to sustain its anti-hypertensive effect for more than 24 h following a single
dose. Additionally, blood pressure (BP) control is maintained even when a dose has
been missed, providing continuous protection in case of incidental noncompliance. It
has proven to reduce BP variability and successfully lower BP. Amlodipine also con-
trols BP in patients with a systolic/diastolic BP of 130/80 mm Hg or higher, diabetes,
or chronic kidney disease without worsening glycemic or kidney function. Additionally,
amlodipine is a wise choice for older adults due to its ability to control BP and pro-
tect against stroke and myocardial infarction. Side effects of amlodipine include edema,
palpitations, dizziness, and flushing, which are more common with the higher dose of
10 mg. Amlodipine is cost effective and predicted to be cost saving when compared
with usual care.
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development of new devices.* Current global guidelines recommend
treating hypertension based on 24-h ambulatory blood pressure mon-

Hypertension is the leading cause of death worldwide, affecting 31.1%
of the adult population (1.4 billion people).! It accounts for about half
of all heart disease- and stroke-related deaths worldwide.? The resid-
ual lifetime risk for developing hypertension is 90% for middle-aged or
older individuals.®

In recent decades, hypertension management has seen the intro-
duction of several new principles/technologies. Advances in informa-

tion technology have revolutionized hypertension monitoring with the

itoring (ABPM) and home blood pressure (BP) measurements rather
than measurement in the clinical setting.°~” Additionally, observa-
tional studies and clinical trials reported that short- and long-term
BP variability (BPV) are linked to hypertension-mediated target organ
damage, cardiovascular events, and mortality.®?

Most guidelines recommend angiotensin-converting enzyme
inhibitors (ACE-1) or angiotensin receptor blockers (ARBs), calcium

channel blockers (CCBs), and thiazide-like diuretics as first-line agents
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for hypertension management, but little differentiation is given to
specific molecules within their respective class.19-14 CCBs were first
introduced for coronary heart disease but gained widespread recogni-
tion for their efficacy in hypertension.!> These agents can be classified
into dihydropyridines, phenylalkylamines, and benzothiazepines.1®
Among dihydropyridines, amlodipine has unique characteristics that
set it apart from other drugs within this class.> This review aims to
provide an updated overview of the evidence supporting the use of
amlodipine over the past 30 years and highlights its cardiovascular

benefits in current hypertension management.

2 | HYPERTENSION EPIDEMIOLOGY

Hypertension becomes progressively more common with advancing
age, with a prevalence of more than 60% in people aged 60 years
or older.’* A pooled analysis with more than 100 million participants
showed that hypertension prevalence was highest throughout Central
and Eastern Europe, Central Asia, Oceania, Southern Africa, and some
countries in Latin America and the Caribbean.!’

A systolic/diastolic BP (SBP/DBP) of 130—139/80-89 mm Hg or
higher, which has been defined as stage 1 hypertension in the 2017
American College of Cardiology/American Heart Association (AHA)
BP guideline, is widespread among young adults and can be serious
if not treated.1%18 |n China, a long-term study with 21 441 partici-
pants showed that 65% of middle-aged adults (35—59 years old) with
stage 1 hypertension progressed to a SBP/DBP of 140/90 mm Hg or
higher (stage 2 hypertension) within 15 years.!? In this study, stage
1 hypertension was associated with 26.5% higher risk of cardiovas-
cular deaths and 13.4% higher risk of cardiovascular events relative
to normotension.'? Furthermore, the AHA emphasizes that the ben-
efits of treating stage 1 hypertension in patients with a low 10-year
atherosclerotic cardiovascular disease risk outweigh the risks.'®

3 | GUIDELINES SUGGEST CCBS AS FIRST-LINE
TREATMENT, BUT CCBS ARE NOT ALL THE SAME

Although all CCBs share the same ability to interact with L-type
voltage-dependent transmembrane calcium channels, they have dis-
tinctive pharmacokinetics and pharmacodynamics that influence their
efficacy and safety profile.!¢ Compared to other dihydropyridine
agents, amlodipine has low renal clearance (7 mL/min/mg) and
long half-life (35—50 h).2221 Amlodipine has a high bioavailability
(60%—80%) and sustains its antihypertensive effect for more than
24 h following a single oral dose,?2 which is beneficial for patient
compliance.'® In addition, BP control is maintained even when a dose
has been missed, which is the most common form of noncompliance in
the management of hypertension.23 Following amlodipine discontinua-
tion, BP usually returns to baseline over 1 week without any dangerous
rebound elevations in BP.22

Side effects of amlodipine include edema, palpitations, dizziness,

and flushing, which are more common with the higher dose of 10 mg,2*

as well as,uncommonly, gum hypertrophy with an incidence around 2%,
which is reversible on drug withdrawal.2>2¢ It is worthwhile mention-
ing that amlodipine-related edema is not secondary to salt retention;
rather, it is due to dilatation of precapillary arterioles in the lower
extremities, where the effects of increased hydrostatic pressure force
fluid into the interstitial space.?”

Studies showed no differences in safety parameters between
amlodipine and nifedipine gastrointestinal therapeutic system (GITS),
and neither drug caused any serious or severe treatment-related

adverse events.28:27

4 | ROLE OF AMLODIPINE IN MILD TO
MODERATE HYPERTENSION

Randomized studies indicate that amlodipine is superior to diltiazem3°
and hydrochlorothiazide3! in reducing SBP and DBP in patients with
mild or moderate hypertension. Amlodipine is also as effective as
chlorthalidone in reducing mean BP in patients aged >50 years.32 In
Asians with mild to moderate hypertension, amlodipine titration from

5 to 10 mg/day significantly reduced SBP.33

5 | ROLE OF AMLODIPINE IN BPV, INCLUDING
THE MORNING BP SURGE

BPV over 24 his asignificant and independent risk factor for cardiovas-
cular morbidity and mortality.3*3> There are substantial differences
in the effect of different classes of antihypertensive drugs on short-
term 24-h BPV. When patients were treated with combination drug
therapy, regimens that included CCBs showed lower BPV than reg-
imens that did not.3¢ In a retrospective analysis of BPV data from
five studies, amlodipine was superior to other classes of antihy-
pertensive drugs in reducing BPV.3” In a randomized, double-blind,
placebo-controlled trial, amlodipine significantly decreased daytime,
nighttime, and 24-h SBP variability, whereas candesartan did not, as
measured by ABPM after 3-month treatment.3® Many studies also
showed the importance of long-term visit-to-visit BPV on cardio-
vascular outcomes and mortality.®? For example, in the randomized
controlled Anglo-Scandinavian Cardiac Outcomes Trial-Blood Pres-
sure Lowering Arm (ASCOT-BPLA), the group assigned to amlodipine-
based treatment had a significantly lower BPV, as determined by SBP
standard deviation and variation independent of the mean, than the
atenolol group at all follow-up visits, mainly because of lower within-
individual visit-to-visit variability. Within-visit and ABPM variability
in SBP were also lower in the amlodipine group than in the atenolol
group.*0

The morning BP surge is linearly associated with risk of stroke*!
and can be reduced when antihypertensive drugs are taken in the
evening compared with in the morning.*2 This reflects the fact that
many drugs are not completely effective over a 24-h dosing interval.
Thus, long-acting drugs are more likely to be effective in reducing

the morning BP surge. Within the dihydropyridine class of CCBs,
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amlodipine is associated with significantly greater reductions in
morning BP surge than nifedipine GITS.#3

6 | ROLE OF AMLODIPINE IN STROKE
PREVENTION

Many landmark trials have shown the benefit of amlodipine protection
against stroke. For example, based on nine landmark trials, amlodipine
reduced the incidence of stroke compared with placebo (by 40%), ACE-
| (by 18%), ARBs (by 16%), and diuretics or 8-blockers (by 14%).** In the
ASCOT study, amlodipine-based treatment reduced the relative risk of
stroke by 23% compared with atenolol-based treatment.*> Amlodip-
ine also showed better protection against stroke (16%) and myocardial
infarction (MI, 17%) when compared with ARBs in a quantitative
overview.*¢ Based on a recent meta-analysis that included 13 studies
and more than 50 000 patients, amlodipine reduced the incidence of
MI (13%) when compared to other antihypertensive drugs.*”

Several mechanisms have been proposed to explain the benefits of
CCBs/amlodipine on stroke protection: (1) Amlodipine has a longer
duration of action than almost all other antihypertensive drugs?!;
(2) Carotid intima-media thickness (IMT) is strongly correlated with
cardiovascular events. CCBs, such as amlodipine, can reduce the pro-
gression of carotid IMT more than diuretics, -blockers, or ACE-I, and
this might contribute to CCBs superior protection against stroke?; (3)
CCBs canreduce inter-individual BPV. In a meta-analysis in which each
class was compared with all other drug classes combined, CCBs and
non-loop diuretics reduced inter-individual variation in SBP, whereas
ACE-I and ARBs had little effect and 8-blockers increased BPV; com-
pared with placebo, CCBs reduced inter-individual BPV more than all
other classes of drugs (Figure 1).4?

7 | AMLODIPINE IN SPECIFIC POPULATIONS
7.1 | Patients with angina pectoris

About 47% of the risk of developing ischemic heart disease is
attributable to hypertension.? Both the European Society of Cardiol-
ogy and the AHA recommend CCBs alone, or in combination with a
B-blocker, as first-line treatment in the management of stable ischemic
heart disease.’%50 A prospective, double-blind study showed that
amlodipine reduced the incidence of repeat percutaneous translumi-
nal coronary angioplasty and clinical complications when used 2 weeks
before, and continued for 4 months after, angioplasty.’! In an open-
label, randomized study of patients with hypertension and type 2
diabetes, amlodipine therapy resulted in a significantly greater reduc-
tion of IMT compared with ARB therapy, suggesting that amlodipine
has an inhibitory effect on early atherosclerotic process.>? Further-
more, in a prospective, randomized study, amlodipine was associated
with fewer hospitalizations for unstable angina (33% reduction) and
coronary revascularization (43% reduction), regardless of the use of

B-blockers, nitrates, or lipid-lowering therapy.”® Interestingly, in the
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FIGURE 1 Meta-analysis of antihypertensive drug effects on

long-term BPV. (A) Change in group variation in SBP at follow-up
compared with baseline as variance ratio. (B) Percentage increase in
coefficient of variation. Error bars represent the 95% confidence
intervals. A is plotted on a logarithmic scale. The apparent increase in
variance ratio and coefficient of variation (CV) from baseline to
follow-up was mainly a consequence of the requirement in many trials
for narrow ranges of BP at randomization, which tended to lead to an
increase in group standard deviation on follow-up; however, this effect
applied almost equally to all drug classes. AB, a—1 blocker; ACEI,
angiotensin-converting enzyme inhibitor; ARB,
angiotensin-2-receptor blocker; BB, 3-blocker; CCB, calcium channel
blocker; CCBND, non-dihydropyridine calcium channel blocker; DD,
non-loop diuretic drug. Reprinted with permission from Webb.*?

ASCOT trial, amlodipine was reported to act synergistically with ator-
vastatin in preventing coronary outcomes.’* There have been other
reports of synergy between these two drugs,” and a molecular mech-
anism has been proposed for this interaction.”® Thus, amlodipine may
be a reasonable choice to prevent the progression of atherosclerotic

vascular disease.

7.2 | Patients with diabetes mellitus

The 2023 American Diabetic Association guideline recommends CCBs
as first-line therapy for patients with diabetes without albuminuria and
coronary artery disease. It also notes that in the absence of albumin-
uria, ACE-Is and ARBs do not seem to offer superior cardiovascular
protection when compared to CCBs and diuretics.”” It is important
to point out that -blockers and diuretics worsen insulin resistance
and deteriorate lipoprotein metabolism, whereas ACE-Is, CCBs, and a-

blockers are neutral.>® A database analysis showed that morning home
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BPV was lower in patients with type 2 diabetes treated with CCBs than
that in those treated with ARBs and/or ACE-Is. Treatment with CCBs
was significantly correlated with decreased home BPV independent
of other potential cofactors.”? A systematic review and meta-analysis
showed that the risk of stroke in patients with diabetes treated with
amlodipine was decreased when compared with other treatments
(diuretics, B-blockers, a-blockers, ACE-Is, or ARBs).0 In patients with
diabetes who had not responded sufficiently to amlodipine 5 mg, aret-
rospective analysis showed that up-titrating amlodipine to 10 mg daily
resulted in a clinically relevant and statistically significant reduction in
SBP and DBP.4!

7.3 | Patients with chronic kidney disease

BP lowering is an effective strategy for preventing cardiovascular
events in patients with moderately reduced estimated glomerular fil-
tration rate (eGFR).62 The long-term follow-up of the Antihypertensive
and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT)
showed that patients with kidney dysfunction treated with amlodip-
ine retained higher mean levels of eGFR compared with chlorthalidone
in year 4.6% In a retrospective post hoc analysis of patients enrolled in
the ASCOT and ALLHAT trials, systolic BPV was consistently lower in
patients treated with amlodipine compared with other antihyperten-
sives (chlorthalidone or lisinopril), regardless of eGFR.®* Furthermore,
in a real-world-evidence study, while showing kidney protection sim-
ilar to other CCBs, amlodipine showed higher potency by triggering
greater BP reduction at lower doses.®> Amlodipine is also recom-
mended for lowering BP in patients on hemodialysis. One small, double
blind, placebo-controlled study showed that hemodialysis patients ran-
domized to amlodipine 10 mg had a significantly reduced risk of the
secondary composite endpoint of mortality, cardiac events, need for
coronary angioplasty or coronary bypass surgery, ischemic stroke,
and peripheral vascular disease than those who were randomized to
placebo.®

7.4 | Older persons with hypertension

In persons 65 years or older, diuretics and CCBs are preferred for
patients with isolated systolic hypertension®” and marked BPV.68
CCBs have an advantage over diuretics because they do not affect
electrolytes.31¢? Furthermore, in a small, double-blind study, amlodip-
ine was significantly more efficacious than hydrochlorothiazide for
reducing 24-h, daytime and nighttime DBP in patients 65 years or
older.”® In a phase 4, randomized trial, 80% of the patients (>60 years)
treated with amlodipine achieved sitting SBP values of <150 mm Hg
compared with 54% in the hydrochlorothiazide group.”* Nocturnal
hypertension seems to be associated with increased cardiovascular
risk.”2 In a randomized, double-blind trial in patients 60 years or
older, amlodipine reduced SBP to a significantly greater extent than
nicardipine as assessed by 24-h ABPM, particularly during the noctur-
nal period.”® Amlodipine tolerability was rated as good or excellent by
most patients (>65 years of age, 89.2%; >75 years, 87.2%).74 In a ran-

domized, placebo-controlled trial in Chinese patients (60—80 years),
intensive lowering of SBP to 110—130 mm Hg with amlodipine and/or
olmesartan was associated with significantly lower incidence of car-
diovascular events than standard lowering (130—150 mm Hg), with no
difference in safety outcomes.”® Similarly, in the randomized, open-
label Systolic Blood Pressure Intervention Trial (SPRINT), patients
(28% were >75 years) were randomized to an SBP target of <120 mm
Hg (intensive) or <140 mm Hg (standard). With amlodipine as the pre-
ferred CCB, the intensive group had a lower rate of cardiovascular
events (M, other acute coronary syndromes, stroke, heart failure, or
death from cardiovascular causes) but a higher incidence of adverse
events.”® These results led to the updated recommendation for older
adults to be treated to a BP goal of < 130/80 mm Hg if they can tol-
erate therapy.'© Without untoward effects on electrolytes, amlodipine
offers an advantage for older adults, because there is no requirement

for follow-up laboratory monitoring.

7.5 | Amlodipine in Asian and Black patients
7.5.1 | Asian patients

The prevalence of hypertension in China has increased in the past
30 years, mainly due to lifestyle changes and increased life expectancy.
BP control rates are generally low, owing to poor awareness and treat-
ment adherence.”” Asian countries/regions (except in South Korea
and Taiwan) show a higher prevalence of uncontrolled hypertension,
even though Asians generally derive greater benefits from stringent
BP control compared to Western countries.”® Morning and nocturnal
hypertension are more common in Asians compared with Europeans, 2
possibly due to high salt sensitivity in Asians.”?

In Asia, CCBs have emerged as the preferred choice among anti-
hypertensive medications.®? The Asian Pacific Heart Association’s
Writing Committee reviewed randomized controlled trials that were
conducted in the Eastern Asian region and showed that monotherapy
with CCBs, mainly amlodipine, was more efficacious in lowering BP
when compared with other classes of antihypertensive.8! The study
also found that CCBs provided superior protection against stroke and
that agents such as amlodipine also provided similar protection against
MI.81 In a randomized, double-blind trial in Asian patients, amlodipine
was more effective than nifedipine GITS in attenuating the consequent
BP rise over the next 48 h following controlled withdrawal at steady
state. Interestingly, in this patient population, only four of 109 patients
(3.7%) experienced edema when treated with amlodipine 5 mg daily,

increased to 10 mg daily after 6 weeks, if needed.??

7.5.2 | Black patients

CCBs, like amlodipine, or thiazide-type diuretics are recommended
as initial therapy for Black patients, including those with diabetes.!3
In Nigerian patients with mild, moderate, and severe hypertension
treated with amlodipine 5 mg once daily for 2 weeks and increased
to 10 mg once daily for 10 weeks, amlodipine was well-tolerated and

laboratory tests, including plasma lipids done at the start and end
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of the trial, remained unchanged.82 Another small, randomized study
in Nigerian patients showed that amlodipine reduced SBP and DBP
significantly more than hydrochlorothiazide.! Furthermore, a ran-
domized trial showed that amlodipine plus either hydrochlorothiazide
or perindopril was more effective in lowering BP than perindopril plus
hydrochlorothiazide in Black patients.®3 Another study in Nigerian
patients showed that a regimen of amlodipine to which hydrochloroth-
iazide was subsequently added provided superior BP control when
compared with a regimen of hydrochlorothiazide to which amlodip-
ine was subsequently added or when treatment started with the
amlodipine-hydrochlorothiazide combination therapy. The sudden ini-
tial decrease in BP with the amlodipine-hydrochlorothiazide combi-
nation may increase release of vasoconstrictors, which may lead to
increased SBP.8*

Amlodipine seems equally effective in lowering BP in three broad

85

ethnic groups (Africans, Europeans, and South-Asians),®> remaining a

viable first-line option.

8 | PHARMACOECONOMIC CONSIDERATIONS

The results of a pharmacoeconomic review of amlodipine indicated
that amlodipine was cost effective and predicted to be cost saving
when compared with usual care. Amlodipine resulted in fewer hos-
pitalizations and surgical procedures in the short and long term at a
modest cost increase compared with standard care.8¢ Another impor-
tant consideration is the absence of electrolyte abnormalities required
to monitor with amlodipine,31¢? limiting the need for patients to
return to the health system. By contrast, potential changes in kidney
function and development of hyperkalemia often require patients to
have laboratory tests within weeks of starting drugs that target the
renin-angiotensin-aldosterone system.!!

9 | CONCLUSIONS

This review highlights data emphasizing that amlodipine is effective in
managing hypertension in patients with SBP/DBP of 130/80 mm Hg or
higher, including those at low risk of cardiovascular disease and those
with established cardiovascular diseases. Mean BP and BPV control are
crucial in reducing the risk of cardiovascular events. Amlodipine not
only provides 24-h BP control but also effectively reduces BPV, thereby
protecting against stroke and MI. Furthermore, amlodipine effectively
controls BP in different ethnic groups, older adults, patients with dia-
betes, and patients with chronic kidney disease without worsening

glycemic and kidney function.
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