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Cardioselective (β1-adrenoceptor selective) β-blockade re-

duces blood pressure (BP) in hypertension mainly via re-

ductions in heart rate and cardiac output, and suppression 

of the renin-angiotensin-aldosterone system. Calcium chan-

nel blockers (CCBs) reduce BP by peripheral arteriolar va-

sodilatation. Bisoprolol, a highly β1-selective β-blocker, and 

amlodipine, a long-acting dihydropyridine calcium channel 

blocker, represent an effective choice of antihypertensive 

combination therapy due to these complementary antihyper-

tensive mechanisms.

Introduction

Current guidelines for the management of hypertension provide strong 

support for the use of antihypertensive combination therapy to achieve 

adequate control of BP in people with hypertension [1, 2]. The guide-

lines also emphasise the use of combinations using agents from different 
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classes of antihypertensive drugs, as this approach is likely to provide 

(at least) additive effects on BP. This chapter will consider the mode 

of action of two established antihypertensive therapies supported by a 

substantial evidence base: the selective β1-adrenoceptor antagonist, bi-

soprolol, and the dihydropyridine CCB, amlodipine. The early parts of 

the chapter will focus on the properties of these two agents individu-

ally, followed by consideration of how these agents work together in 

combination.

Therapeutic properties of bisoprolol  
and amlodipine

Overview of the β-blocker class

Main subtypes of b-blockers

Although there are many β-blockers approved for clinical use, this is a 

very diverse and heterogeneous class of drugs. Individual members of 

the class vary in terms of their selectivity for subtypes of the β-adreno-

ceptor, their potential for acting as partial agonists at the β1-adrenocep-

tor (intrinsic sympathomimetic activity [ISA]), actions at other receptors 

present in the heart and/or vasculature, and their lipophilicity (Table 1) 

[3–11]. 

Cardioselective agents without ISA

All β-blockers reduce BP by reducing activation of the sympathetic ner-

vous system and suppression of the renin-angiotensin-aldosterone sys-

tem [4, 12]. The degree of selectivity for β1-adrenoceptors and the pres-

ence or absence of ISA are important features that distinguish between 

β-blockers. Cardioselective, or β1-adrenoceptor selective β-blockers, re-

duce BP by reducing heart rate and cardiac output, with limited effect on 

the peripheral vasculature [4, 13]. Non-selective β-blockers, by contrast, 

increase peripheral resistance by opposing β2-adrenoceptor-mediated va-

sodilatation [13, 14].
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Bisoprolol, metoprolol, atenolol, and esmolol, have all been described 

as β1-selective, without ISA (Table 1). A study in animal tissues in vitro re-

ported that nebivolol was highly selective for β1- versus β2-adrenoceptors 

[15], and studies in human myocardium [16, 17] and a study involving 

administration of a β1-agonist to human volunteers [18] demonstrated 

greater β1- versus β2-adrenoceptor selectivity for nebivolol versus biso-

prolol. However, a head-to-head comparison of this agent and bisoprolol 

in human myocardium in vitro showed that bisoprolol had 16–20-fold 

greater selectivity for β1- versus β2-adrenoceptors, compared with only 

3–4-fold selectivity for nebivolol; similar results were obtained using a 

cultured cell line [19]. The usual dose of bisoprolol (10 mg/day) has 

been reported to avoid significant blockade of β2-adrenoceptors, while 

atenolol blocks about one-quarter of β2-adrenoceptors at its usual dose 

of 100 mg/day [20]. Another experimental study demonstrated greater 

β1-selectivity for bisoprolol versus atenolol [21]. Studies using cloned hu-

man β-adrenoceptors also showed that bisoprolol was more β1-selective 

than atenolol or metoprolol. Finally, esmolol is a very short-acting agent 

used mainly intravenously in the emergency setting for the control of 

heart rate during supraventricular tachycardia or atrial fibrillation, and is 

not used clinically for the management of hypertension [22].

The data as a whole confirm that bisoprolol is highly β1-selective, 

although, the relative β1-selectivity of bisoprolol and nebivolol is unclear, 

and bisoprolol is more β1-selective than atenolol or metoprolol. There 

is no clear evidence for additional clinical benefits associated with en-

hanced nitric oxide release by nebivolol, which occurs secondary to stim-

ulation of β2- and β3-adrenoceptors [23].

Cardioselective agents with ISA

Xamoterol, acebutolol, celiprolol and nevibolol are β1-selective agents 

with ISA (Table 1). ISA tends to limit reductions in heart rate and 

cardiac output during β-blockade and can limit adverse metabolic effects 

associated with a pack of cardioselectivity (see below) [24]. However, 

the presence of ISA appears to blunt the beneficial outcomes seen in 

several studies with cardioselective β-blockers in patients with heart 

failure [23]. 
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Non-cardioselective agents

Blockade of β2-adrenoceptors by non- (or less) cardioselective β-blockers 

is more likely than by cardioselective agents to induce potentially serious 

side effects such as bronchospasm, compared with non- (or less) cardio-

selective agents [25]. As an example, current European prescribing infor-

mation states that bisoprolol (highly β1-selective) must be used with cau-

tion in patients with bronchial asthma or obstructive airways diseases, 

while propranolol (non-selective) is formally contraindicated in patients 

with a history of bronchial asthma or bronchospasm. The use of a cardio-

selective agent may reduce the risk of other side effects commonly at-

tributed to β-blockade, such as cold extremities, metabolic disturbances  

and erectile dysfunction in men [8]. 

Table 1 Overview of the mechanistic properties of the β-blocker class [3–11]. 

β1-selective? ISA? Other clinically significant 
actions?

Lipophilicity?

Bisoprolol Yes No – Moderate

Metoprolol Yes No – High

Atenolol Yes No – Low

Esmolol Yes No Short-acting Low

Xamoterol Yes Yes – Low

Acebutolol Yes Yes β2 agonist Moderate

Celiprolol Yes Yes β2 agonist  
α1 antagonist

Low

Nevibolol Yes Yes Activates NO synthesisa Moderate

Propranolol No No – High

Sotalol No No Class III antiarrhythmic Low

Timolol No No – High

Carvedilol No No α1 antagonist Moderate

Pindolol No No β2 agonist Moderate

Oxprenolol No No – High

Labetolol No No α1 antagonist Low

Bucindolol No Mild α1 antagonist High

ISA: intrinsic sympathomimetic activity; NO: nitric oxide.
aVia activation of β2-and β3-adrenoceptors.
Compiled from information presented in references [3–11]. 
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Lipophilicity/hydrophilicity

The lipophilicity of a β-blocker determines its ability to cross the blood-

brain barrier, and consequently the possibility for it to exert an effect 

in the central nervous system (CNS). However, the lipophilicity of a 

β-blocker per se does not predict the extent to which its therapeutic ac-

tions will be mediated by an effect in the CNS, as has been described for 

hydrophilic β-blockers such as atenolol [3]. 

Therapeutic properties of amlodipine 

Overview of the CCB class

CCBs are also a heterogeneous class of drugs [26–28]. There are three 

classes of CCBs: most agents in use are dihydropyridines (including am-

lodipine), while the phenylalkylamine and benzothiazepine classes are 

each represented by a single agent in current clinical use (verapamil and 

diltiazem, respectively). All CCBs block the L-type calcium channel, al-

though verapamil and diltiazem interact with the channel at different 

sites than dihydropyridine CCBs. Blockade of these channels reduces the 

influx of calcium into smooth muscle cells that is required to maintain 

contractility. The net result of this action in the vascular system is va-

sodilatation. All CCBs reduce BP by inducing peripheral arteriolar va-

sodilatation, with the dihydropyridines more potent in this regard [29]. 

Dihydropyridines have little potential for reducing cardiac contractility 

in clinical use, although this may occur during treatment with the other 

CCB classes, especially verapamil [27]. 

The duration of action of CCBs (Table 2) varies widely from nife-

dipine (plasma elimination half-life 2–5 h) to amlodipine (plasma elimi-

nation half-life 30–50 h) [26–28]. A number of agents employ sustained 

release tablets to prolong their action and reduce the number of tablet 

intakes/day, while amlodipine is administered once daily without the 

need for use of a sustained release preparation. The long duration of ac-

tion of amlodipine has clinical significance, in that superior control of BP 
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throughout the 24-hour dosing interval has been reported for amlodipine 

versus agents with a shorter duration of action administered once daily 

[30]. In addition, the long duration of action of amlodipine provides a 

sustained antihypertensive effect even in the common setting of one or 

two missed doses, in contrast to a shorter-acting antihypertensive agent 

[31]. Short-acting CCBs administered without a sustained-release formu-

lation may induce reflex tachycardia [27].

Verapamil (especially) and diltiazem reduce heart rate via an action 

on the atrioventricular node and verapamil can be useful in controlling 

the ventricular rate during episodes of supraventricular tachycardia or 

atrial fibrillation when administered intravenously. For this reason, these 

agents are contraindicated in patients with second- or third-degree atrio-

ventricular block, or severe bradycardia. Dihydropyridine CCBs do not 

have a clinically significant action at the atrioventricular node.

Table 2 Overview of calcium channel blockers [26–28].

DHP? Cardiac 
contractility

Heart  
rate

Peripheral 
vasodilatation

Plasma  
half-life (h)a

Amlodipine Yes – – +++ 30–50

Felodipine Yes – – +++ 11–16

Lacidipine Yes – – +++ 13–19

Lercanidipine Yes – – +++ 8–10

Nicardipine Yes – – +++ 2–4

Nifedipine Yes – –b +++ 2–5

Nimodipine Yes – – +++ 1–2

Isradipine Yes – – +++ 8

Verapamil Noc   ++ 3–7

Diltiazem Nod   ++ 3–6

DHP: dihydropyridine; h: hour.
aFor immediate-release formulations. 
bShort-acting agents such as nifedipine may cause reflex tachycardia, but this is mitigated by 
the use of prolonged-release formulations; higher doses of all agents may increase heart rate. 
cPhenylalkylamine.
dBenzothiazepine. 
‘–‘ indicates little or no effect.
‘++‘ and ‘‘ indicate moderate effect.
‘+++‘ and ‘‘ indicate strong effect. 
Compiled from information presented in references [26–28] and the Summaries of Product 
Characteristics at www.medicines.org.uk/emc (June 2022).
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Amlodipine and bisoprolol together:  
implications for clinical practice

Current European guidelines for the management of arterial hyperten-

sion give strong support to the use of two-drug combinations of antihy-

pertensive agents from the time of diagnosis of hypertension [1]. Use of 

combination therapies with distinct modes of action facilitates additive 

effects on BP. Indeed, a large meta-analysis of studies evaluating anti-

hypertensive combination therapies of different classes found that the 

effects of two-drug combinations on BP were close to that predicted from 

adding together the expected effects of each agent had they been used 

as monotherapy [32].

Several factors identify amlodipine and bisoprolol as suitable for 

co-administration in a combination tablet: 

Proven efficacy in the management of hypertension: Both 

bisoprolol and amlodipine have been used in the management of hy-

pertension for about 30 years, and are indicated for this purpose. Both 

agents are also indicated for the management of angina. Numerous clini-

cal studies have confirmed the efficacy of these agents in these conditions 

(reviewed elsewhere [8, 33, 34]). The efficacy of bisoprolol and amlo-

dipine in combination is described in Chapter 6.

Complementary mechanisms of BP reduction: Bisoprolol is 

a non-vasodilatory β-blocker, while amlodipine is a CCB that induces pe-

ripheral vasodilation. A study in 78 patients with hypertension showed 

that markers of sympathetic nervous activation were elevated in about 

70% of patients. Bisoprolol and a CCB, verapamil, reduced different 

markers of sympathetic activity, consistent with an action involving dis-

tinct, but complementary, mechanisms [35]. Therefore, β-blockade and 

calcium channel blockade fulfil the key criterion for inclusion within a 

combination of being from distinct pharmacological classes.

Once-daily dosing: Once-daily dosing is required for the man-

agement of hypertension, to limit the complexity of the treatment re-

gimen. The elimination half-life of amlodipine is 30–50 h, as described 

above, and that of bisoprolol is 9–12 h, and the antihypertensive effect 

of each agent is maintained over the 24-hour dosing interval [36]. Both 
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of these drugs are therefore suitable for once-daily dosing, and are used 

once daily in the routine management of hypertension (and angina pec-

toris). Chapter 5 describes pharmacokinetic studies with the bisoprolol- 

amlodipine combination tablet in more detail.

Conclusions

Rational partners for antihypertensive combination therapy should act 

via complementary mechanisms. Cardioselective (β1-adrenoceptor se-

lective) β-blockade reduces BP mainly via actions on the heart (reduc-

tions in heart rate and cardiac output) and via suppression of the renin- 

angiotensin-aldosterone system and sympathetic nervous activity. CCBs 

are peripheral arteriolar vasodilators. Together, these are potent mecha-

nisms for controlling hypertension, and bisoprolol, a highly β1-selective 

β-blocker, and amlodipine, a long-acting dihydropyridine CCB, represent 

an effective choice of antihypertensive combination therapy.
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