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Abstract: Calcium channel antagonists, specifically long-acting nifedipine formulations, play a crucial role in treating
hypertension and angina. Originally used for angina, nifedipine has been widely employed as an antihypertensive
medication for over 40 years. It offers rapid action and oral bioavailability with minimal maternal or fetal side ef-
fects, making it suitable for treating hypertensive crises during pregnancy. However, it can cause a sudden drop in
blood pressure and tachycardia. Long-acting formulations, such as gastrointestinal therapeutic systems, gradually
release nifedipine over 24 hours, mitigating these issues. This review aims to assess the clinical efficacy and safety
of long-acting nifedipine formulations in managing essential hypertension, with a focus on improving blood pressure
control and addressing challenges in uncontrolled and resistant hypertension. Furthermore, long-acting nifedipine
provides therapeutic advantages beyond hypertension management, showing efficacy in treating comorbid condi-
tions such as chronic kidney disease and diabetes. Global studies support its efficacy, suggesting that a shift toward
the use of long-acting nifedipine can help address the global hypertension problem and enhance the quality of life

for hypertensive patients.
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Introduction

Essential hypertension, characterized by per-
sistently elevated blood pressure without an
identifiable secondary cause, is a major con-
tributor to cardiovascular morbidity and mortal-
ity worldwide. Effective management of this
condition is crucial for mitigating the risk of
complications such as stroke, myocardial in-
farction, and renal failure [1]. Recognizing the
global health burden, the World Health Organi-
zation (WHO) has prioritized hypertension man-
agement due to its significant role in premature
mortality and its pervasive impact on public
health systems. Approximately 1.28 billion peo-
ple aged 30-79 worldwide have suboptimal
blood pressure, with two-thirds living in low-
and middle-income countries [2]. Although
hypertension is often asymptomatic and term-

ed the “silent killer”, it progressively damages
organs if left untreated. The prevalence of
hypertension varies widely across regions, with
rising rates observed in countries such as in
some places like Kiribati, Tonga, Tuvalu, In-
donesia (women), Uzbekistan, Argentina, and
Paraguay (men). Meanwhile, Germany, Spain,
Japan (women) and Germany, Switzerland, the
UK, Finland, Canada (men) have seen a 12%
decline. Rates remain stable in many low- and
middle-income countries [3, 4].

In India, 18.1% of people aged 15 to 49 years
have hypertension. Only 44.7% are aware of it,
13.3% receive treatment, and 7.9% effectively
manage it [5]. In a national survey across 24
states, 30.7% of adults over 18 years of age
had hypertension, with 23.7% among women
and 34.2% among men [6]. A meta-analysis
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found hypertension rates of 33% in urban areas
and 25% in rural areas, but treatment rates are
low, with 75% in rural areas and 62% in urban
areas not receiving treatment [7]. India has set
a target of 25% relative reduction in hyperten-
sion prevalence by 2025 [8]. If this goal is to be
met, focused attention is needed to address
the untreated or inadequately treated people
with hypertension.

Pharmacological management of essential
hypertension encompasses several key class-
es of antihypertensive agents, including thia-
zide diuretics, angiotensin-converting enzyme
(ACE) inhibitors, angiotensin Il receptor block-
ers (ARBs), beta-blockers, and calcium channel
blockers (CCBs). Among these, CCBs are often
recommended as first-line agents in clinical
guidelines for essential hypertension due to
their reliable efficacy in lowering blood pres-
sure and well-documented safety profile [9].
Nifedipine, a dihydropyridine CCB, has been
extensively utilized in clinical practice since its
introduction in the 1970s. Its potent vasodila-
tory effects make it a preferred option for man-
aging essential hypertension, particularly in
patients requiring consistent blood pressure
control. The immediate-release form of nifedip-
ine provides rapid blood pressure reduction,
which is useful in acute settings but may require
multiple doses and can cause fluctuations and
tachycardia. In contrast, long-acting formula-
tions offer stable, sustained blood pressure
control with fewer side effects, improving suit-
ability for long-term management. Current
hypertension guidelines recognize the efficacy
of long-acting dihydropyridine CCBs such as
nifedipine in achieving target blood pressure
levels and reducing cardiovascular risk [10,
11]. This review discusses initial therapy choic-
es for uncontrolled and resistant hypertension
(RHT), emphasizing the effectiveness and safe-
ty of both immediate and sustained-release
(SR) nifedipine formulations, including their role
in lowering blood pressure, particularly in cases
of pregnancy-induced hypertension.

Progression from uncontrolled to resistant
hypertension

Global hypertension guidelines have evolved
dramatically over the past two decades, pro-
gressing from no screening or treatment rec-
ommendations to targeted guidance for at-risk
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groups, aiming to enhance hypertension con-
trol [12]. The majority of these guidelines focus
on creating limits for special populations such
as elderly individuals and pregnant women
(Table 1). The ACC/AHA guidelines 2017 classi-
fy hypertension into specific categories to guide
tailored treatment and reduce cardiovascular
risks. Normal BP is defined as a systolic BP<120
mmHg and diastolic BP<80 mmHg, with life-
style recommendations to maintain these lev-
els. Elevated BP (120-129 mmHg systolic and
<80 mmHg diastolic) signals heightened risk,
where preventive lifestyle changes are encour-
aged. Stage 1 hypertension (130-139 mmHg
systolic or 80-89 mmHg diastolic) typically
involves lifestyle interventions, with antihyper-
tensive medications for patients with cardio-
vascular disease or high-risk profiles. Stage 2
hypertension (=140 mmHg systolic or =290
mmHg diastolic) usually necessitates a combi-
nation of lifestyle and pharmacologic therapy.
Hypertensive crises, defined as systolic >180
mmHg and/or diastolic >120 mmHg, are classi-
fied into urgent (without organ damage) and
emergency (with organ damage), requiring im-
mediate medical intervention [13]. Most cases
of hypertension are classified as essential or
primary hypertension, characterized by high
blood pressure without a known secondary
cause, occurring mainly due to genetic factors,
excessive salt intake, and adrenergic activity,
comprising 90% of hypertension cases, with
potential progression to secondary hyperten-
sion if renal function deteriorates [14, 15].
Most cases of primary hypertension are asymp-
tomatic, and are identified by routine BP checks
or community screening [16].

Uncontrolled hypertension results from inade-
quate treatment, poor adherence, or undetect-
ed secondary causes [17, 18]. If left untreated,
it can lead to resistant hypertension, often due
to missing diuretics or insufficient drug doses
[17, 18]. The American Heart Association de-
fines resistant hypertension as blood pressure
persistently above target levels despite three
specific medications, typically a long-acting
CCB, an angiotensin-converting enzyme inhibi-
tor (ACEi) or angiotensin receptor blocker (ARB),
and a diuretic. It can refer to either uncontrolled
or controlled blood pressure, depending on the
number of medications used [19]. Uncontrolled
BP despite the administration of 5 antihyper-
tensive medicines of different classes, includ-
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Table 1. Blood pressure targets and initial pharmacologic therapy in patients with hypertension according to hypertension guidelines

Guideline Population Goal BP, mmHg Initial drug treatment options
ESH/ESC 2018 [59] <65 years SBP 120-129 ACEi or ARB, combined with a CCB and/or a thiazide/thiazide-like
Elderly 65-80 years SBP 130-139 diuretic
>80 years 130-139
Resistant HT Add spironolactone (25-50 mg o.d.) or other diuretic,
alpha-blocker, or BB
Pregnancy (Severe HT) Labetalol, oral methyldopa, or nifedipine
NICE 2023, NICE guidelines <80 years <140/90 <55 y: ACEl or ARB; 255 y or black: CCB; thiazide-like diuretic
(pregnancy) [95] >80 years <150/90
Resistant HT Adding a fourth antihypertensive drug; diuretic therapy with low-
dose spironolactone; alpha-blocker or BB
Pregnancy 135/85 Labetalol, nifedipine, or methyldopa
2020 ISH Global Hypertension General <140/90 Use a once-daily regimen: 24-hour BP control
Practice Guidelines [96] Diabetes <130/80; <140/80 in elderly patients An RAS inhibitor (and a CCB and/or thiazide-like diuretic)
Pregnancy Methyldopa, BB (labetalol), and dihydropyridine-CCB (nifedipine
[not capsular], nicardipine)
Resistant HT Optimize the current treatment regimen including health behavior
change and diuretic-based treatment
Indian Guidelines 2019 [9] >60 years 130-140/80-90 ACEi, ARBs, CCBs, Diuretics, and Newer BBs
<60 years <130/80
ACOG Guidelines 2019 [60] Pregnancy Labetalol, Nifedipine, Methyldopa, Hydrochlorothiazide; For Urgent
BP control: Labetalol, Hydralazine, Nifedipine (immediate release)
RSSDI Guidelines 2022 [16] Diabetes 120-130 ARBs, ACEi, BB, CCB
Resistant HT ARBs along with CCBs
ACC/AHA Task Force on Clinical General 130/80 Thiazide diuretics, CCBs, and ACEi or ARBs
Practice Guidelines 2017 [13]  pregnancy or are planning to become To be transitioned to methyldopa, nifedipine, and/or labetalol
pregnant
Resistant HT Maximize diuretic therapy

Hypertensive Crises and Emergencies <140 mmHg during the first hour and  CCB-dihydropyridines
<120 mmHg in aortic dissection

ACEi: Angiotensin-converting enzyme inhibitors; ARBs: Angiotensin receptor blockers; ASH/ISH: American Society of Hypertension/International Society of hypertension; BB: Beta-blockers; BP: Blood pressure;
CAD: Coronary artery disease; CCB: calcium channel blockers; CKD: Chronic kidney disease; CV: cardiovascular; eGFR: Estimated glomerular filtration rate; ESH/ESC: European Society of Hypertension/Euro-
pean Society of Cardiology; GDMT: guideline-directed medical therapy; HF: Heart failure; HT: hypertension; ISH: International Society of Hypertension; JNC: Joint National Committee; NICE: National Institute
for Health and Care Excellence; RAS: Renin-angiotensin-system.
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ing long-acting thiazide-like diuretics and min-
eralocorticoid receptor antagonists, at maxi-
mal tolerated doses is referred to as refractory
hypertension [20]. CCBs are the preferred as
per current clinical guidelines. Nifedipine, a
dihydropyridine calcium antagonist, is increas-
ingly used for hypertension treatment.

Nifedipine: clinical indications

Nifedipine, a dihydropyridine CCB, was first
introduced in 1975 for angina and hyperten-
sion. It became available in the United States
as Adalat® (Bayer) in 1981 and in India as
Nicardia® (J.B. Chemicals & Pharmaceuticals)
in 1985. It has potential uses for Raynaud’s
phenomenon, congestive heart failure, and
atherosclerosis prevention, pending approval.
Nifedipine is indicated for severe hypertension,
hypertensive emergencies, and angina result-
ing from coronary artery spasms, where it acts
as an arterial vasodilator [10, 21].

A shift from conventional nifedipine to sus-
tained release nifedipine formulations

The conventional rapid-release form of nifedip-
ine, containing 10 mg of dissolved nifedipine,
lowers BP within 5-10 minutes of oral intake,
peaking between 30 and 60 minutes and last-
ing up to 6 hours [10]. However, it leads to a
rapid, short-lived drop in BP, requiring four daily
doses for sustained effects. This form can also
cause adverse effects such as headaches, pal-
pitations, flushing, tachycardia, and worsened
heart and cerebrovascular conditions, along
with heat sensations in the face and limbs [10].
To overcome these shortcomings, long-acting
formulations of nifedipine have been devel-
oped and are classified into two types: twice-
daily formulations - slow release, prolonged
action (PA), and long action (L), and once-
daily formulations - coat core (CC), continuous-
release (CR) and gastrointestinal therapeutic
system (GITS) [10, 22]. A comparison of the
pharmacological parameters of conventional
and long-acting nifedipine formulations is sum-
marized in Table 2.

Slow-release nifedipine (retard tablet) offers a
sustained blood pressure-lowering effect with
twice-daily dosing, making it more efficient
[23]. The slow-release form of nifedipine, in
contrast to the conventional rapid-release ver-
sion with a rapidly increasing plasma concen-
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tration-time curve and high peak levels, exhib-
its a longer elimination half-time, a smoother
absorption and elimination profile, and low
observed dose fractions (0.18-0.63), whereas
the retard formulation reduces the peak con-
centration and prolongs detectable drug levels
but leads to a significant increase in the heart
rate [23].

The efficacy of nifedipine improved with the
development of a 24-hour controlled-release
(CR) formulation known as GITS, which was ini-
tially used for angina but later expanded to
treat hypertension [24]. Nifedipine GITS is now
considered the gold standard for once-daily
administration, and there are various extend-
ed-release nifedipine formulations available
under brand names such as Procardia XL®,
Adalat CC®, Adipine XL®, Afeditab CR®, Nicardia
XL®, and Folcardia XL®. Adalat CC® and Pro-
cardia XL® differ in bioavailability due to their
distinct extended-release mechanisms, with
Adalat CC® releasing nifedipine in successive
layers, leading to peak plasma concentrations
2.5-5 hours after fasting intake and a minor
secondary peak 6-12 hours later [21, 24].

On the contrary, Procardia XL® or Nicardia XL®
with a gastrointestinal therapeutic mechanism
(Osmotic Release Technology) administers nife-
dipine through an osmotic pump delivery sys-
tem via an osmotically driven push-pull action
(Figure 1). In the GITS tablet, Gl fluid enters a
push compartment through a semipermeable
membrane. The polymeric material of tablet
expands, dissolving nifedipine particles, and
releases them in the Gl system through a laser-
drilled orifice over 24 hours in a controlled,
steady manner (zero-order release profile) [25].
The tablet shell remains intact in the Gl tract
and is excreted in feces, a common feature of
osmotic-controlled delivery devices [25].

A study comparing nifedipine CC and GITS for-
mulations revealed equal efficacy in reducing
24-hour mean BP measurements when admin-
istered with food, while taking nifedipine CR
upon waking reduces morning blood pressure
surges, enhancing BP control throughout the
day and potentially reducing the risk of mor-
ning cardiovascular events [26]. Other once-
daily nifedipine formulations have been devel-
oped using various technologies, and peri-
pheral edema, occurring in 10% to 30% of
hypertensive patients, is dose-dependent [10].
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Table 2. Comparison of the pharmacological parameters of conventional and long-acting formulations of nifedipine

Parameters

Conventional nifedipine

Long-acting nifedipine

Type

Active drug release

Onset of action
Peak plasma level

Duration of action
Half-life
Bioavailability
Dosing

Adverse events

Normal tablet

Rapidly releases the active drug

Rapid
Peak reaches 30 minutes post-dose

Short

1.7-2 hours
45%-68%
Twice daily

SNS activation, Flushing, tachycardia, worsen
myocardial and cerebrovascular ischemia

Retard tablet

Slow release of active drug

Slow
1.5-4.2 hours

Long (24 hours)
7 hours
75%-85%
Twice daily

Headache, Edema (including
peripheral edema), Vasodilation

Coat Core tablet

Slow and sustained release of
active drug

Slow

2.5-5 hours with a second small
peak or 6-12 hours post-dose

Long (24 hours)

7 hours

84%-89%

Once daily

Peripheral edema, Headache

GITS tablet (Osmotically controlled drug
release)

Extended-release of active drug

Slow

Rise gradually at a controlled rate and
reaches plateau 6 hours post dose

Long (24 hours)

7 hours

86%

Once daily
Edema, Headache

GITS: Gastrointestinal therapeutic system; SNS: Sympathetic nervous system.
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Laser-drilled Drug-containing layer

Semi-permeable
hole or orifice

membrane

Osmotic or
push layer

Moisture-proofing coating

GASTROINTESTINAL TRACT i

——Drug-release

Osmotic layer expand

Figure 1. Administration of nifedipine through an osmotic pump delivery or gastrointestinal therapeutic system.

However, taking nifedipine at bedtime improves
ambulatory blood pressure more than morn-
ing dosing, and extended-release (ER) prepara-
tions generally offer better tolerance compared
to immediate-release (IR) preparations [27].

Long-acting nifedipine: a clinical perspective

Nifedipine, especially the GITS formulation,
has been compared with various antihyperten-
sive drugs, including BBs, ACEis, and ARBs, in
numerous trials. These studies include RCTs of
long-acting nifedipine, which reduces both sys-
tolic and diastolic blood pressure, monotherapy
and combination therapy, and placebo-con-
trolled trials. Additionally, this section includes
studies involving the use of different nifedipine
formulations in specific hypertensive patient
groups, such as pregnant women, elderly indi-
viduals, and those with other clinical condi-
tions.

Blood pressure lowering effects

SR nifedipine, at various doses, effectively low-
ers supine systolic blood pressure over 24
hours in patients with essential hypertension.
Adalat CC® and Procardia XL® also demonstrat-
ed comparable 24-hour blood pressure control
in stage 1-4 hypertensive patients aged 18 to
75 years [28, 29]. The Extended Release Ada-
lat Canadian Trial (EXACT) examined nifedipine
GITS (Adalat XL®) in 1700 patients with mild-to-
moderate essential hypertension, starting at
30 mg and titrating to 60 mg if the BP exceed-
ed 95 mmHg after 3-6 weeks. At the 30 mg
dose, 93% and 74% of patients achieved target
DBP levels of 95 mmHg and 90 mmHg, respec-
tively, with minimal or no adverse effects [30].
Numerous large trials have also investigated

401

the effectiveness of long-acting nifedipine (re-
tard, CC, GITS) in preventing hypertension-relat-
ed consequences. Several other key studies
have consistently shown its safety and efficacy,
with details provided in Table 3. Trials used
different comparators, dosages, and hyperten-
sion criteria. However, the results were consis-
tent across trials with different long-acting
nifedipine formulations, allowing for collective
discussion.

Benefits beyond blood pressure control

Advanced controlled-release (CR) nifedipine
broadens its applications to include hyperten-
sion and angina, reducing dose-related vasodi-
latory side effects by providing smoother peak
plasma concentrations after administration
compared to conventional nifedipine [24]. Nife-
dipine GITS, taken once daily, provides a supe-
rior approach for managing ischemic disease
and exertional angina during exercise com-
pared to conventional nifedipine, with improv-
ed patient compliance, fewer vasodilatory side
effects, anti-atherosclerotic properties inde-
pendent of its hypotensive effects, lower daily
costs, and a simplified once-daily dosage regi-
men, whereas doses of nifedipine (30 to 120
mg/d given in divided doses) when used alone
reduce the mean arterial pressure without
adverse effects on renal function [31-33]. In
patients with mild hypertension and increased
pulse wave velocity aged 18-75 years, the GITS
formulation is beneficial in lowering BP as well
as brachial-ankle pulse wave velocity, with
improvements in arterial stiffness as early as 4
weeks [34]. Nifedipine GITS improved coronary
endothelial function in most constricted region
after 6 months in the ENCORE | trial [35]. It
also reduced the left ventricular mass index
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Table 3. Summary of landmark studies involving long-acting nifedipine formulations

Most common AEs

Trial/Reference  Study type No..of Condition H.ypertensmn def- Intervention Control/compara- Conclusion associated with
patients nition followed tor .
Nifedipine therapy
Constantine et al.,  Clinical study 23 Pregnant women with  >140/95 mmHg on at  Slow-release Atenolol (50-100 Combining BB with nifedipine in Vomiting, Ankle
1987 [97] severe hypertension least two occasions nifedipine (40-120  mg rising to 100- pregnancy is effective in control- edema
mg/day) 200 mg/day) ling BP
MATH (Bravo et al., Trial 1155 (222 Elderly (>65 years) The average sitting Nifedipine GITS 30 - Nifedipine GITS is well tolerated and  Edema
1990) [84] Elderly) and non-elderly (<65 DBPis 95 to 110 to 180 mg/day, suited
years) with mild-to- mmHg 30 mg increment,
moderate hyperten- titrated over 1 to 6
sion in a community weeks to achieve
setting goal BP
Reams et al., 1991 Study for 5 weeks 12 Hypertensive patients DBP>95 mmHg, but Nifedipine GITS 30  Placebo Nifedipine GITS monotherapy im- Headache, epigastric
[22] with moderately se- <114 mmHg after 2 to 180 mg/day, de- proves renal function abnormalities  discomfort, periph-
vere renal dysfunction to 4 weeks of Placebo pending on patient that are encountered in hypertensive eral edema, and
therapy tolerance patients with renal disease flushing
STONE (Gong et Single-blind trial 1632 Elderly (60-79 years)  BP=160/96 mmHg Nifedipine 20 mg Placebo BD with Nifedipine diminished the number of = Stroke
al., 1996) [85] with prospective with hypertension BD up to 60 mg/day doses 2-6 tablets/  severe clinical outcomes in elderly
follow up day hypertensives significantly
EXACT (Toal etal.,  Open-label post 1326 Patients with Sitting diastolic BP 95 Nifedipine GITS 30 - When used in general medical prac- Headache, periph-
1997) [30] marketing surveil- previously or newly to 114 mmHg or 60 mg tice, the 30 mg and 60 mg doses of  eral edema and
lance study diagnosed with mild- nifedipine GITS were effective, well dizziness
to-moderate essential tolerated, and had minimal or no
Hypertension negative effects on the overall health
status of treated individuals
INSIGHT (Brown et  Prospective, 6321 55-80 years old with BP>150/95 mmHg, or 30 mgin a long- Co-amilozide Nifedipine once daily and co- Peripheral edema,
al., 2000) [93] double-blind, hypertension and an ~ >160 mmHg systolic acting nifedipine (Hydrochloro- amilozide were equally effective in headache, dizziness
trial with dynamic additional cardiovas- GITS thiazide 25 pg plus  preventing overall cardiovascular or
randomization cular risk factor amiloride 2.5 mg) cerebrovascular complications
daily
PRESERVE Randomized, 303 Essential hyperten- >140/90 mmHg if 30 mg nifedipine 10 mg enalapril Once-daily treatment with enalapril -
(Devereux et al., double-blind, paral- sion and increased taking antihyperten- GITS or long-acting nifedipine, plus
2001) [36] lel-group study left ventricular mass  sive medications or adjunctive hydrochlorothiazide and
>150/90 mmHg if atenolol when needed to control BP,
unmedicated both had moderately beneficial and
statistically indistinguishable effects
on regression of LV hypertrophy
J-MIND (Baba Open-label, pro- 436 Elderly under 75 BP>140/90 mmHg 20 mg/day Nifedip- Enalapril 5 mg/day Nifedipine retard and enalapril had Mild vasodilatory ef-
and J-MIND Study  spective, random- years hypertensive ine retard a similar effect on nephropathy in fect, mainly cough
Group, 2001) [91] ized trial patients with type 2 hypertensive type 2 diabetic patients
diabetes without overt proteinuria
INSIGHT (Mancia Prospective, ran- 6321 Patients with hyper- BP>150/95 or 2160 30 mg nifedipine Co-amilozide (25 Nifedipine effective as diuretic -
etal., 2003) [92] domized, double- (1302 with tension and diabetes mmHg GITS daily mg hydrochloro- therapy in reducing cardiovascu-
blind trial diabetes) thiazide and 2.5 mg lar complications in hypertensive
amiloride) daily diabetics
ENCORE | (Encore  Randomized, 343 Coronary artery Symptomatic hypoten- Nifedipine GITS 30  Placebo, cerivas- Improvement in coronary endothelial Peripheral edema
Investigators, double-blind, disease sion or uncontrolled to 60 mg/d tatin 0.4 mg/d, or function in the most constricted seg-
2003) [35] placebo-controlled hypertension their combination ment by nifedipine after 6 months’
trial treatment
402 Am J Cardiovasc Dis 2024;14(6):396-413



ACTION trial
(Poole-Wilson et
al., 2004) [94]

PROBE/JMIC-B (Yui
etal., 2004a) [89]

JMIC-B (Yui et al.,
2004b) [90]

i-TECHO trial (Ryu-
zaki et al., 2007)
[41]

MONICA (Tanaka
etal., 2013) [57]

FOCUS (Park et al.,
2016) [53]

Shen et al., 2019
[98]

Easterling et al.,
2019 [72]

ADRENAL (Lv et
al., 2021) [52]

Cleary et al., 2023
[73]

Multicenter, ran-
domized, placebo
controlled, double-
blind trial
Prospective,
randomized, open,
blinded endpoint

Analytical and
comparative study

Randomized, open-
label, crossover
study

Prospective, open-
label, randomized,
active-controlled,
multicenter study

Comparative study
of long-acting

and short-acting
nifedipine

Multicenter, par-
allel-group, open-
label, randomized
controlled trial
Prospective, multi-
center, observa-
tional study

Randomized,
triple-blind,
placebo-controlled
trial

3825

1650

1650

a1

35

391

300

2307

871

365

Patients with stable
angina pectoris

Outpatients aged
under 75 years with
both hypertension
and coronary artery
disease

Outpatients aged
under 75 years
hypertensive patients
with coronary artery
disease with and
without diabetes
Essential hyperten-
sion for more than 6
weeks

Uncontrolled BP
under treatment with
valsartan 80 mg/
day or amlodipine 5
mg/day

20-70 years with
stage Il or higher
hypertension

Pregnancy-induced
hypertension

Severe hypertension
in pregnancy

18-70 years patients
with chronic kidney
disease and uncon-
trolled hypertension

Individuals with pre-
eclampsia with severe
features undergo-

ing labor induction
between 22- and
41-week gestation

Supine systolic BP 90
mmHg or more

BP>160/95 mmHg

BP>160/95 mmHg

BP>140/90 mmHg

BP>140/90 mmHg

BP=160,/100 mmHg

BP>160,/110 mmHg

BP>160,/110 mmHg

Systolic BP 140-160
mmHg or 2160 mmHg

Severe blood pressure
(2160/110 mmHg)

Nifedipine was

30 mg once daily,
increasing to 60 mg
once daily
Nifedipine retard
10-20 mg twice
daily

Nifedipine retard
20-40 mg/day

20 mg Nifedipine
CR

Valsartan 80 mg/
day in the morning
and nifedipine CR
20 mg/day at night

Up-titration of the
nifedipine GITS
dose from 30 mg
(N30) to 60 mg

30 mg long-acting
nifedipine tablets
once daily

10 mg oral nifedip-
ine retard

Nifedipine GITS
60 mg

Oral extended-
release nifedipine
30 mg/day

Placebo

Enalapril 5-10 mg,
Imidapril 5-10 mg,
or Lisinopril 10-20
mg, once daily

Enalapril 5-10 mg/
day, Imidapril 5-10
mg/day, or Lisino-

pril 10-20 mg/day

2.5 mg amlodipine

Valsartan 80 mg/
day and amlodipine
5 mg/day in the
morning

Up-titration of
valsartan from 80
mg to 160 mg or
low-dose combina-
tion of N30 and
valsartan 80 mg
20 mg short-acting
nifedipine tablets 3
times a day

200 mg oral labet-
alol, or 1000 mg
methyldopa

Placebo

Long-acting nifedipine for essential hypertension management

Nifedipine GITS is safe and reduces
the need for coronary angiography
and interventions

In Japanese hypertensive patients
with coronary artery disease, nife-
dipine retard was as effective as ACE
inhibitors

Nifedipine retard was as effective as
ACE inhibitors in reducing the inci-
dence of cardiac events in extremely
high-risk hypertensive patients

with complications of diabetes and
coronary artery disease

Nifedipine CR had a stronger anti-
hypertensive effect than amlodipine
during the critical morning period
Combination therapy with valsartan
and nifedipine CR may help to
control morning BP and protect the
kidneys

Up-titration of nifedipine GITS pro-
vided no additional increased safety
concerns and revealed better mean
reductions in BP without affecting
short-term BP variability

Long-acting nifedipine in pregnant
women with pregnancy induced
hypertension (PIH) has a more stable
antihypertensive effect, longer dura-
tion compared to the short-acting
nifedipine

Nifedipine retard use resulted in

a greater frequency of primary
outcome attainment than labetalol
or methyldopa use

Nifedipine GITS 60 mg showed
effectiveness and tolerability in
reducing office systolic and diastolic
BP in Chinese patients with CKD and
uncontrolled hypertension

Initiation of extended-release
nifedipine is effective in reducing
intrapartum acute hypertensive
therapy among individuals with pre-
eclampsia with severe features

Peripheral oedema

Vasodilatory effect,
including hypoten-
sion, facial erythema,
and hot flushes

Headache, palpita-
tions, increased BP,
and ankle edema
Hypotension and
pacemaker implanta-
tion

Dizziness, headache,
flushing, and palpita-
tion were similar
between the treat-
ment groups of 30
and 60 mg
Effectively improve
the eutocia rate of
pregnant women and
reduce the incidence
of neonatal intra-
uterine distress and
death, protecting the
neonatal health

ACE: angiotensin converting enzyme; AE: Adverse events; BP: Blood pressure; CR: Continuous-release; GITS: Gastrointestinal therapeutic system; SR: Slow release.
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and relative wall thickness similarly to an ACE
inhibitor in people with essential hypertension
and left ventricular hypertrophy in the PRE-
SERVE trial over 1 year of treatment [36].
Nifedipine XL effectively reduces arterial pres-
sure by lowering systemic vascular resistance
in liver transplant recipients with cyclosporine-
associated hypertension, but its use should
be limited in transplant patients due to its
potential to exacerbate gingival hyperplasia
when combined with cyclosporine [37].

Advantages of nifedipine: comparison with
other calcium channel blockers/hypertensive
agents

Long-acting nifedipine achieves comparable
reductions in SBP and DBP at similar response
rates as other dihydropyridine CCBs, such as
amlodipine, with some studies even suggest-
ing more favorable outcomes than amlodipine
[38]. Nifedipine CC, when compared to amlo-
dipine in essential hypertensive patients, low-
ers arterial stiffness, does not activate the
sympathetic system, inhibits epinephrine re-
lease by the adrenal medulla, and enhances
heart rate recovery, potentially leading to be-
tter outcomes during extended nifedipine tre-
atment [39, 40]. During the critical morning
phase, nifedipine CR showed a stronger antihy-
pertensive effect than amlodipine [41]. Nifedi-
pine coat-core exhibits 1.69 times greater over-
all antihypertensive potency compared to amlo-
dipine, as assessed by the hypobaric area [38].
Studies have also compared the antihyperten-
sive efficacy of long-acting nifedipine to that of
other antihypertensives such as lisinopril [40],
enalapril [42] (ACEi), losartan (ARB) [43], ace-
butolol [44], propranolol [45], nebivolol [46]
(B-blockers), and mefruside (thiazide-like diu-
retic) [47]. A meta-analysis also confirmed the
safety of sustained- and extended-release nife-
dipine combined with therapy, including diuret-
ics, B-blockers, ACEis, and both B-blockers and
diuretic, for the treatment of mild to moderate
hypertension [48]. Nifedipine can be combined
with other CCBs, such as diltiazem or verapamil
to exert additive antihypertensive effects [49].
In summary, long-acting nifedipine not only pro-
vides comparable or even superior blood pres-
sure reductions relative to other antihyperten-
sive agents, such as amlodipine, ACE inhibitors,
ARBs, and B-blockers but also offers specific
advantages, including better control of morning
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BP, reduced arterial stiffness, and minimal
sympathetic activation. These characteristics
enhance its clinical value, particularly for pa-
tients requiring consistent BP management
with a lower side-effect profile.

Role of long-acting nifedipine in addressing
uncontrolled/resistant/refractory hyperten-
sion

Nifedipine is beneficial for treating resistant
hypertension and is recommended for optimiz-
ing antihypertensive treatment in such cases
[50]. RCT studies have shown it to be a viable
alternative to step-three medications, effec-
tively lowering blood pressure with a side ef-
fect profile similar to hydralazine. Nifedipine
has also demonstrated favorable efficacy and
safety, whether used alone or in combination
therapy, for individuals with poorly controlled or
previously drug-resistant hypertension [51].

The ADRENAL trial showed that nifedipine GITS
60 mg effectively lowered BP in Chinese pa-
tients with uncontrolled hypertension and CKD,
irrespective of CKD stage [52]. The FOCUS trial
found that up-titrating from 30 mg to 60 mg of
nifedipine GITS resulted in greater BP reduc-
tions compared to up-titrating valsartan, with-
out affecting short-term BP variability [53]. In
individuals with mild-to-moderate hypertension
who are refractory to treatment with either drug
alone, a combination of nifedipine SR and aroti-
nolol is successful in regulating BP [54]. The
TIBET trial, involving patients with chronic sta-
ble angina uncontrolled on medical therapy,
reported no significant impact on cardiac
death, myocardial infarction, or unstable angi-
na with nifedipine SR, atenolol, or their combi-
nation [55]. Nifedipine CR, when combined
with indapamide, effectively lowers BP and
improves renal function in older patients with
refractory isolated systolic hypertension [56].
The MONICA trial demonstrated that combining
nifedipine CR with valsartan effectively con-
trols morning BP and offers renoprotective ben-
efits in patients with uncontrolled BP, despite
the use of medium doses of valsartan or amlo-
dipine [57].

In 1987, Heagerty et al. successfully treated 13
patients with resistant hypertension by switch-
ing them from minoxidil to nifedipine slow-
release tablets. After the switch, 9 patients
maintained satisfactory blood pressure control
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for at least one year, eliminating the need for
loop diuretics previously required with minoxidil
to manage fluid retention. Moreover, there were
no indications of renal function impairment in
those who continued with nifedipine [58].

Long-acting nifedipine formulations: a safer
option

Pregnant women with hypertension

Hypertensive disorders of pregnancy (HDP)
include conditions such as chronic hyperten-
sion, gestational hypertension, preeclampsia,
severe preeclampsia, and eclampsia. Nifedi-
pine is recommended by the ESC/ESH Gui-
delines for treating severe hypertension during
pregnancy [59]. ER nifedipine is recommended
for managing severely elevated BP in hospital-
ized pregnant women, as per American College
of Obstetricians and Gynecologists’ guidelines,
and immediate-release nifedipine can also be
used [60].

Nifedipine’s pharmacokinetics, rapid onset,
extended action, high oral bioavailability, and
few side effects make it a suitable choice for
treating hypertensive emergencies during preg-
nancy as an alternative to nifedipine and hy-
dralazine by quickly reaching therapeutic blood
pressure levels, improves urine output, and has
no adverse effects on maternal and perinatal
outcomes [61, 62]. IR oral nifedipine is recom-
mended as a first-line treatment when intrave-
nous access is unavailable or when labetalol
(due to asthma or congestive heart failure) or
hydralazine (due to tachycardia) is contraindi-
cated [63]. A network meta-analysis revealed
that nifedipine, hydralazine, and labetalol are
equally effective in treating severe hyperten-
sion during pregnancy [64]. Nifedipine has
been shown to increase the cardiac index
(43%), reduce systemic vascular resistance,
and lower mean arterial pressure, with minimal
effects on heart rate in preeclamptic hyperten-
sive emergencies [65]. It is generally safe and
has minor and transient side effects such as
headache, nausea, and palpitations in preg-
nant women with severe gestational hyperten-
sion [66]. However, short-acting nifedipine is no
longer considered appropriate as a first-line
treatment for hypertensive urgencies to avoid
excessive pressure drops that lead to renal,
cerebral, or coronary ischemia [67].

405

Despite having a slower onset, nifedipine tab-
lets are as effective as nifedipine capsules for
the quick treatment of severe hypertension
during pregnancy [68]. SR nifedipine during
pregnancy is safe in terms of malformation
risks, and has no effect on major developmen-
tal impairment at 18 months of age when used
for mild-moderate hypertension during preg-
nancy [69]. Nifedipine is more effective at pre-
venting threatened preterm contractions and
appears to be superior to 2-adrenergic-recep-
tor agonists and magnesium sulphate as the
first-line tocolytic drug for the management of
preterm labor [70]. A long-term follow-up study
found no significant differences in psychosocial
or motor outcomes, and even better psychoso-
cial outcomes in children (aged 9-12 years) pre-
viously exposed to nifedipine in utero [71].
Long-acting nifedipine offers a more sustained
antihypertensive effect that lasts longer in
pregnant women with PIH, higher rates of euto-
cia, and full-term births while reducing neona-
tal mortality, promoting neonatal health com-
pared to short-acting nifedipine [72]. A ran-
domized, triple-blind, placebo-controlled trial
showed a beneficial effect of 30 mg extended-
release nifedipine in lowering intrapartum
acute hypertensive treatment in women with
severe preeclampsia [73].

Pediatric patients with hypertension

Short-acting nifedipine has a rapid onset of
action and does not cause central nervous sys-
tem (CNS) depression, but it is associated with
adverse effects such as reflex tachycardia, reti-
nal ischemia, and myocardial ischemia and
infarction; however, it is still a common treat-
ment for severe hypertension in children [74].
Short-acting nifedipine is safe in children with
severe hypertension or hypertensive crisis in a
hospital environment where a rapid drop in BP
is needed [75]. Over 1,000 doses of short-act-
ing nifedipine were provided, with only 5% of
the doses experiencing a mild side event, the
most frequent being tachycardia [76]. It is also
effective and safe for the treatment of severe
hypertension secondary to acute post-strepto-
coccal glomerulonephritis [76]. A retrospective
study showed that lowering the initial nifedipine
dosage to 0.25 mg/kg alleviates rapid BP drops
in pediatric patients [77]. A greater mean ni-
fedipine dose per kilogram was observed in
patients who had a >25% reduction in the MAP
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compared with those who had a <25% reduc-
tion in MAP. However, it should be used with
caution in children with acute CNS damage
[78].

The availability of suitable pediatric medication
formulations for nifedipine is limited, posing a
challenge for clinical use and optimal dosing
recommendations [79]. Although long-acting
formulations have been developed to address
the limitations of short-acting nifedipine, there
is a lack of licensed nifedipine formulations
specifically designed for safe use in children,
particularly those incorporating high-quality
modified or sustained drug delivery systems.
Additionally, the large size of the tablet, which
must be ingested whole, limits its applicability
in small children [79].

Elderly patients

Short-acting nifedipine has been linked to an
increased risk of stroke in elderly hypertensive
patients with atrial fibrillation, indicating a po-
tential proarrhythmic effect. In contrast, longer-
acting nifedipine formulations have demon-
strated favorable effects [80].

A German real-world study found that elderly
patients taking the IR nifedipine required more
cardiovascular medications, with 30% taking
six or more, compared to 16% of those taking
the SR nifedipine [81]. Nifedipine SR (Adalat
A.R.) 20 mg, taken twice daily for 2 weeks,
results in biphasic changes with reduced sys-
tolic and diastolic BP over 24 hours in elderly
patients with mild to moderate hypertension
[82]. In a 12-month open study, nifedipine
retarded 20 mg + atenolol 50 mg had a stron-
ger antihypertensive effect than atenolol alone
in elderly hypertensive patients with no evi-
dence of tachyphylaxis [83]. The Modern
Approach to the Treatment of Hypertension
(MATH) trial showed that after 12 weeks of nife-
dipine treatment, both elderly and nonelderly
individuals had significantly lower systolic and
diastolic BP compared to their baseline levels
[84]. Long-acting nifedipine also significantly
reduced the relative risk of all events (including
stroke, heart failure, myocardial infarction and
severe arrhythmias) by 59%, independent of
hypertension stage in STONE trial involving
elderly hypertensive individuals [85]. However,
a population-based prospective study revealed
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an increase in mortality risk with an average
daily dose and recent (46 months) commence-
ment of therapy among nifedipine users aged
>65 years, which remained significant for pro-
longed-acting formulations [86].

Patients with comorbidities

Independent of the impact on systemic BP,
monotherapy of nifedipine GITS (30-180 mg/
day) has the potential to ameliorate the renal
function abnormalities observed in hyperten-
sive individuals with renal disease [41]. The
MONICA study observed that combination ther-
apy involving nifedipine CR at night and valsar-
tan in the morning was more effective than
amlodipine and valsartan in the morning for
controlling morning BP, reducing the CCB dos-
age, reducing albuminuria and protecting the
kidneys [57]. Prudent use of CR nifedipine tab-
lets-valsartan therapy in elderly patients with
type Il diabetic nephropathy and hypertension
significantly improved blood pressure, total
therapeutic efficiency (98.46%), treatment sat-
isfaction (96.92%), and blood urea nitrogen lev-
els [87]. Individuals with severe impairment of
renal function compared to those with normal
renal function showed good BP control without
greater accumulation of nifedipine following
several doses of nifedipine GITS 60 mg [88].

According to the Japan Multicenter Investigation
for Cardiovascular Diseases-B (JMIC-B) trial,
nifedipine retard appeared to be equally effec-
tive as ACE inhibitors in terms of lowering the
occurrence of cardiac events in extremely high-
risk hypertensive patients with both hyperten-
sion and coronary artery disease [89, 90]. The
Japan Multicenter Investigation of Antihyper-
tensive Treatment for Nephropathy in Diabetics
(J-MIND) noted equivalent effects of nifedipine
retard and enalapril on nephropathy in hyper-
tensive type 2 diabetic patients without overt
proteinuria [91]. Nifedipine GITS, which is ad-
ministered once daily, is as effective as diuret-
ics in reducing cardiovascular events in hyper-
tensive diabetic patients. Additionally, nifedip-
ine users were less prone to experiencing
diabetes or secondary events (a composite of
all-cause mortality, vascular death, and non-
vascular death) compared to co-amilozide
users. These findings suggest that nifedipine
could be considered a first-line therapy for
hypertensive diabetic patients [92].
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Tolerability of long-acting nifedipine

In contrast to the conventional, immediate-
release capsule nifedipine formulation, which
could be associated with a rapid drop in BP
and reflex sympathetic activation (expressed
as tachycardia), modified-release formulations
are designed to reduce fluctuations in plasma
nifedipine concentrations, resulting in a more
gradual drop in BP and reduced sympathetic
activation [10]. The EXACT trial demonstrated
only 33.9% of patients reported one or more
adverse events following nifedipine GITS ad-
ministration, with the most frequently reported
events being headache (12.2%), peripheral
edema (8.1%), and dizziness (2.9%) [30]. The
International Nifedipine GITS Study: Interven-
tion as a Goal in Hypertension Treatment
(INSIGHT) trial noted that nifedipine is effica-
cious in preventing overall cardiovascular and
cerebrovascular outcomes including non-fatal
stroke, myocardial infarction, and heart failure
[93]. Moreover, adding nifedipine GITS to stan-
dard angina pectoris therapy has been shown
to have no effect on major cardiovascular
event-free survival. Furthermore, nifedipine
GITS is a safe medication that decreases the
need for coronary angiography and interven-
tions, according to A Coronary disease Trial
Investigating Outcome with Nifedipine GITS
(ACTION) trial [94]. Nifedipine GITS 60 mg is
safe and well tolerated in hypertensive individu-
als with CKD as well as those with persistent
renal impairment [52]. Up-titration of the nife-
dipine GITS from 30 mg to 60 mg produced no
extra increased safety concerns when com-
pared to up-titration of valsartan [53].

Limitations and future prospects

This review provides a comprehensive overview
of the pharmacologic management of essential
hypertension, focusing on the unique benefits
of nifedipine and its sustained-release formula-
tions. While global data have been included,
regional variations in hypertension prevalence
and treatment responses may not be fully cap-
tured, which could affect the generalizability of
certain findings to specific populations with
essential hypertension. Additionally, the rapid
evolution of hypertension treatments means
that emerging therapeutic developments and
new long-term efficacy data will continue to
expand future insights.
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Long-acting nifedipine formulations, such as
GITS, have demonstrated broader benefits
beyond essential hypertension management,
effectively addressing uncontrolled and resis-
tant hypertension as well as conditions such as
ischemic disease, exertional angina, chronic
kidney disease, diabetes, and renal insufficien-
cy. Future research could further explore these
advantages by examining the long-term out-
comes of sustained-release nifedipine in di-
verse patient groups and investigating novel
therapeutic combinations that incorporate
emerging antihypertensive agents. Such stud-
ies could help optimize clinical approaches,
enhance the quality of life for patients and
address the global hypertension burden ef-
fectively.

Conclusion

The initial nifedipine immediate-release cap-
sule formulation, with its quick onset, oral
effectiveness, affordability, and simplicity of
administration, offers advantages over amlo-
dipine and other antihypertensive agents. The
pharmacokinetics of nifedipine make it suitable
for treating hypertensive emergencies during
pregnancy, although it can sometimes cause a
rapid drop in blood pressure and tachycardia.
Long-acting formulations are designed to miti-
gate these effects by gradually releasing nife-
dipine. Additionally, these formulations have
broader benefits, including managing uncon-
trolled and resistant hypertension, as well as
related conditions such as ischemic disease,
exertional angina, chronic kidney disease, dia-
betes, and renal insufficiency. Safety analysis
revealed that long-acting nifedipine formula-
tions such as GITS nifedipine are well tolerated
across various populations, making them a
promising addition to hypertension treatment
options. Shifting toward the use of long-act-
ing nifedipine formulations in clinical practice
could significantly contribute to addressing the
global hypertension epidemic and improving
the quality of life for hypertensive patients.
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