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Foreword

10 Years of Experience  
with a Combination of Bisoprolol  
and Amlodipine

A solid evidence base, stretching back for decades, has established be-
yond doubt that uncontrolled hypertension brings a crushing burden of 
myocardial infarctions, strokes and other cardiovascular complications 
that threaten both the quality and duration of patients’ lives. Conversely, 
the timely and rigorous application of antihypertensive therapy reduces 
the risk of these complications, and supports patients in achieving longer, 
fuller and more productive lives.

We also know that only a fortunate few patients achieve optimal 
blood pressure with a single antihypertensive agent. Indeed, most peo-
ple with hypertension require two or more antihypertensive agents to 
control their blood pressure, as recommended by the guidelines. The 
increased efficacy of the combination therapy approach is offset by the 
accompanying increase in the complexity of the regimen, especially as 
many of these patients will already be taking multiple other medications 
for multiple other comorbid conditions.

Once-daily, single-tablet combination therapy provides a means of re-
solving this conundrum, delivering combination treatment in a manner 
that is no more complex than monotherapy. In this book, we describe the 
properties of a new, single-tablet combination of bisoprolol (a highly car-
dioselective β-blocker) and amlodipine (a long-acting, dihydropyridine 
calcium channel blocker). These agents have been in clinical use individu-
ally for decades, and their efficacy and safety profiles are well understood. 
Given together, their proven efficacy and complementary mechanisms of 
action suggest an important role in the management of hypertension. 
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Our book contains nine chapters, each authored by an expert in the 
field. We describe the epidemiological links between hypertension and 
adverse outcomes, followed by a detailed description of the pharmacoki-
netic, pharmacodynamic and clinical properties of bisoprolol and am-
lodipine in combination. As co-editors of the book, we thank our chapter 
authors for their important contributions. Above all, we hope you find 
our book of interest, and useful in your clinical practice. 

Dr Zbigniew Gaciong 
Department of Internal Medicine,  
Hypertension and Vascular Diseases,  
Medical University of Warsaw, Warsaw, Poland

Dr Ulrike Gottwald-Hostalek 
Merck Healthcare KGaA, Darmstadt, Germany
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Chapter 1

Prevalence and Long-term 
Consequences of Hypertension
Sergey Gilyarevsky
Russian Medical Academy of Continuous Professional Education,  
Department of Clinical Pharmacology and Therapy

Global surveys of blood pressure (BP) have shown that at 

least one person in four world-wide has hypertension. 

Moreover, the number of people with hypertension has in-

creased markedly in recent decades. High blood pressure 

increases the risk of adverse cardiovascular events (coro-

nary heart disease, heart failure and stroke) and premature 

death, among other adverse outcomes. Controlling high BP 

with antihypertensive therapies is proven to improve clinical 

outcomes in people with hypertension.

Definitions of hypertension

The BP cut-off values used to diagnose arterial hypertension differ to 

some extent between guidelines and regions. Moreover, classifications 

of the severity of hypertension also differ. Table 1 summarises these clas-

sifications from three influential guidelines proposed by the European 

Society of Cardiology (ESC) [1], the American Heart Association (AHA) 
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and the American College of Cardiology (ACC) [2], and the National 

Institute for Health and Care Excellence (NICE) in the United Kingdom 

(UK) [3]. The two guidelines originating from Europe set the cut-off for 

systolic/diastolic BP (SBP/DBP) at 140/90 mmHg, although the ESC 

guideline considers three categories of non-hypertensive BP as “optimal”, 

“normal” and “high normal” BP. Further grades of increasing severity of 

hypertension are diagnosed using cut-off values of 160/100 mmHg and 

180/110 (or 120) mmHg. The US guideline considers that an individual 

with BP even slightly above 140/90 mmHg already has Stage 2 hyperten-

sion, having defined normal BP as <130/80 mmHg. No further catego-

ries of severity of hypertension are provided by the US guideline. Using 

higher or lower cut-off values to diagnose hypertension will lead to lower 

and higher (respectively) estimates of the prevalence of hypertension, 

and this should be remembered when interpreting the results of epide-

miological studies in this field.

Table 1 Examples of current definitions of hypertension from major guidelines.

ESC (2018) [1] AHA/ACC (2017) [2] NICE (2022) [3] 

Normal BP <120/<80 mmHg 
(= “Optimal” BP)
120–129/80–84 mmHg 
(= “Normal” BP)
130–139/85–89 mmHg 
(= “High normal” BP)

<120/<80 mmHg
120–129/<80 mmHg 
(“elevated” BP)

<140/90 mmHg

Cut-off for 
diagnosis of 
hypertension

≥140/90 mmHg 
(Grade 1 hypertension)

≥130/80 mmHg 
(Stage 1 
hypertension)

140/90 mmHg 
(Stage 1 
hypertension)

Additional 
grades of 
severity of 
hypertension

≥160–179/100–109 mmHg 
(Grade 2 hypertension)
≥180/110 mmHg 
(Grade 3 hypertension)

≥140/≥90 mmHg 
(Stage 2 
hypertension)

≥160/100 but  
<180/120 mmHg 
(Stage 2 
hypertension)
SBP ≥180 mmHg or  
DBP ≥120 mmHg  
(Stage 3 or “severe” 
hypertension)

ACC: American College of Cardiology; AHA: American Heart Association; BP: blood pressure;  
ESC: European Society of Cardiology; SBP/DBP: systolic/diastolic blood pressure.
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Prevalence of hypertension

Global prevalence of hypertension

Figure 1 shows the age-standardised prevalence of hypertension in 

adults for the year 2019 in selected countries around the world, from 

a global survey conducted by the Non-Communicable Diseases (NCD) 

Risk Factor Collaboration under the auspices of the World Health 

Organization (WHO) [4]. For this study, hypertension was defined as 

SBP ≥140 mmHg, DBP ≥90 mmHg, or receipt of antihypertensive med-

ication. There is no doubt that the prevalence of hypertension is high 

worldwide: the proportions of people with hypertension in the countries 

highlighted in Figure 1 range from about 1 in 4 individuals to about 2 

in 5. This survey also found that the number of people with hyperten-

sion worldwide approximately doubled between 1990 and 2019, from 

648 million people to 1.3 billion. This doubling increased in the absence 

of a marked change in the age-standardised prevalence of hypertension, 

in the setting of a global population that is increasing in number and in-

creasing in average age. Another global survey estimated the prevalence 

of hypertension to be 31.1% in 2010, with a higher prevalence in low or 

middle income countries (31.5%) compared with high-income countries  

(28.5%) [5].

The problem of unawareness of hypertension

Unawareness of hypertension is also common and Figure 2 illustrates 

the magnitude of the problem in the same selection of countries from 

the global hypertension survey [4]. Among these countries, the propor-

tion of patients unaware of/with undiagnosed hypertension was low-

est in the United States of America (USA) and the Russian Federation  

(especially for women), where about 80% of people with hypertension 

were aware of having the condition. The proportion with diagnosed 

hypertension was lower in other countries, including some relatively 

high-income countries like the UK and Australia, where about 60% of 

the total population with hypertension were aware of having it. Rates 

of awareness of hypertension had increased from the 1990s to the 
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early 2000s, but progress has plateaued more recently, with continuing 

marked variation in the rates of awareness of hypertension between 

countries [6].

Figure 1 Age-standardised prevalence of hypertension in men and women aged  
30–79 years in selected countries [4]. 
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Figure 2 High prevalence of unawareness of hypertension in selected countries from a 
global survey of hypertension in adults [4]. 
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High prevalence of hypertension conditions  
associated with insulin resistance

Some populations have an especially high prevalence of hypertension. 

For example, high BP is one of the five criteria for diagnosing metabolic 

syndrome, so it is perhaps unsurprising that the prevalence of hyperten-

sion approaches 80% among this population [7]. Type 2 diabetes, which 

accounts for about nine people in ten with diabetes, is also associated 

patho-physiologically with insulin resistance, metabolic syndrome and 

associated cardiovascular risk factors. Accordingly, hypertension is com-

mon among people with diabetes, as shown by data from the USA, where 

69% of people with diabetes have hypertension [8]. Similarly, a study in 

Jordan found that 75% of people with diabetes also have hypertension, 

with a 1-year incidence of hypertension of 26% among people with dia-

betes who were normotensive at baseline [9]. Other cross-sectional stud-

ies found that 60% of 378 people with type 2 diabetes at a tertiary hospi-

tal in Ethiopia also had hypertension [10], and that 60% of 3,092 people 

with diabetes in India had uncontrolled hypertension [11]. A systemat-

ic review of observational studies demonstrated that the prevalence of  

hypertension in diabetes is as high as 80–90% in some countries [12]. 

The presence of obesity, also associated closely with insulin resistance, 

metabolic syndrome and type 2 diabetes, almost doubles the likelihood 

of having hypertension compared with people of normal weight [13].

Epidemiological transitions in the developing world

Historically, infectious diseases have been a leading cause of morbidity 

and mortality in the developing world. Advances in recent decades in the 

management of infectious and deficiency diseases (particularly HIV in 

sub-Saharan Africa) and general improvements in healthcare provision 

are driving an epidemiological shift from infectious diseases to non-com-

municable diseases (NCDs) as the predominant burden of illness in these 

countries [14–16]. The underlying reasons for the epidemiological shift 

are complex, and include a greater likelihood of living to an age when 

NCDs may develop, access to high-energy diets, increased use of alco-

hol and tobacco, and increased sedentariness secondary to shifts of the 
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population from a rural to an urban setting [14–17]. As an example, 

deaths from NCDs have risen by 31% during the last 25 years in India, 

with hypertension the main driving force for the development of cardio-

vascular diseases [18]. The developing world already bears a dispropor-

tionate burden of hypertension, and the continued emergence of hyper-

tension, diabetes, cardiovascular disease and other NCDs will provide an 

increasing challenge to healthcare systems there.

Long-term consequences of hypertension

Epidemiology of hypertension and  
adverse cardiovascular outcomes

Epidemiological studies have proven beyond doubt that high BP is asso-

ciated with adverse cardiovascular outcomes [19]. A study in more than 

one million adults from 61 observational cohorts determined that each in-

crease in SBP of 20 mmHg, or in DBP of 10 mmHg, was associated with a 

doubling of the risk of death from ischaemic heart disease and more than 

doubling of the risk of stroke death, for an individual in middle age (40–

69 years) [20]. Another large study in 107,737 individuals participating 

in observational cohorts in Japan calculated the lifetime risk of death 

from coronary heart disease or stroke that was attributable to hyperten-

sion [21]. The lifetime risks of these adverse outcomes for an individual 

aged 35 years increased with increasing categories of BP both in men and 

women, with the excess risk increasing sharply at longer durations of ex-

posure to high BP (Figure 3). This study is important because it stresses 

the long-term nature of the vascular risk associated with hypertension: 

for example, the BP-specific risk estimate for stroke death associated with 

Grade 2 hypertension (160–179/100–109 mmHg, see Table 1) increased 

from 0.0 at 10 years to 14.5 for men and 10.3 for women across a lifetime.

Calculation of the population-attributable risk (PAR) for a given risk 

factor allows an estimation of the proportion of cases of a given outcome 

that were due to the effects of that risk factor. A study in 1,244 community- 

dwelling subjects in Spain, of whom 35% had hypertension, calculated 
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the PAR for cardiovascular disease associated with hypertension [22]. 

The 13-year risks (95% confidence interval [CI]) of cardiovascular dis-

ease associated with hypertension were 1.89 (1.63 to 2.18) in men and 

1.71 (1.4 to 2.09) in women, with PARs of 33.1% and 33.8%, respectively.

High BP is associated with a number of other adverse clinical out-

comes besides coronary heart disease and stroke, as described below.

Heart failure: The relationship between BP and outcomes in peo-

ple with heart failure is complex, higher SBP is associated with improved 

prognosis once heart failure is established. However, hypertension has 

been described as the predominant risk factor for future heart failure 

[23]. Conversely, most people with heart failure have a history of hyper-

tension [24]. The observational study described above demonstrated a 

PAR for heart failure associated with hypertension of 57% in men and 

69% in women [22]. Data from the Framingham Heart Study in the USA 

found that hypertension accounted for 39% of cases of heart failure in 

men and 59% of cases in women [25].

Chronic kidney disease (CKD): Renal dysfunction is usually 

associated with the development of hypertension [26]. Elevated SBP 

Figure 3 Risks of death from stroke or coronary heart disease (CHD) associated with 
different levels of blood pressure at 35 years of age [21]. 
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was the strongest risk factor for renal death among those studied in a 

meta-analysis of 35 studies incorporating >500,000 subjects; each in-

crease in SBP of 19 mmHg was associated with an increase in the risk 

of renal death of >80% [27]. A systematic review of studies that en-

rolled a total of more than 2 million subjects found that hypertension  

(SBP >140 mmHg vs <120 mmHg) was associated with a relative risk 

of incident CKD or end-stage renal disease (ESRD) of 1.56 (95% CI, 1.39 

to 1.75) in women and 2.06 (95% CI, 1.64 to 2.60) in men [28]. Analysis 

of a health insurance population in the USA found that the risk of ESRD 

increased in line with increasing severity of hypertension, but that even 

modest increases in BP to 120–129/80–84 mmHg (vs <120/80 mmHg) 

were associated with a significantly increased risk of ESRD [29].

Cognitive decline: The results of several observational stud-

ies have confirmed associations between arterial hypertension, es-

pecially in midlife, and cognitive impairment or dementia later in life  

[30–32]. Moreover, the results of the CARDIA study (Coronary Artery 

Risk Development in Young Adults), a community-based cohort of young 

individuals followed over 30 years, suggested that not only hypertension 

but also higher cumulative systolic BP levels were associated with low-

er cognitive performance in the executive, memory and global domains, 

and higher cumulative diastolic BP was associated with lower cognitive 

performance in the memory domain, in midlife [33]. Notably, the results 

of meta-analyses of fourteen randomised clinical trials (96,158 partici-

pants) have documented that BP lowering with antihypertensive agents, 

compared with the control group, was associated with a significantly 

lower risk of incident dementia or cognitive impairment [34].

Other adverse clinical outcomes: Epidemiological studies have 

demonstrated significant associations between high BP and a range of 

other adverse clinical outcomes, including cardiomyopathy, atrial fibrilla-

tion, erectile dysfunction, and peripheral arterial disease [19].
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Proven outcome benefits  
from antihypertensive therapy

Randomised evaluations of antihypertensive therapies have been con-

ducted, and these provide another source of evidence relating to the as-

sociation between high BP and adverse clinical outcomes. Many clinical 

trials of this type have been conducted, and this section will consider 

large systematic reviews and meta-analyses in this area. In general, the 

significant reductions in the risk of adverse cardiovascular outcomes 

within pooled randomised trial populations was consistent with the mag-

nitude of benefit expected from epidemiological studies of the excess risk 

of these outcomes associated with high BP, and the main results of three 

principal meta-analyses are summarised below [35–37].

Law et al demonstrated significant benefit for antihypertensive 

therapy on cardiovascular outcomes (relative risks vs control groups of 

0.84 [95% CI, 0.81 to 0.88] for coronary heart disease events and 0.70 

[95% CI, 0.65 to 0.76] for stroke) [37]. Importantly, similar benefits 

were seen whether or not patients had a history of cardiovascular dis-

ease. This analysis also demonstrated that the effects of different classes 

of antihypertensive therapies on coronary heart disease outcomes was 

broadly similar, apart from a modest additional efficacy of calcium chan-

nel blockers for preventing strokes (Figure 4).

Bundy et al compared outcomes between randomised treatment 

groups that achieved different levels of SBP, compared with an achieve-

ment of 120–124 mmHg [35]. The hazard ratios (95% CI) for major 

cardiovascular disease events in this group were 0.71 (0.60 to 0.83) ver-

sus mean achieved SBP of 130–134 mmHg, 0.58 (0.48 to 0.72) versus 

mean achieved SBP of 140–144 mmHg, 0.46 (0.34 to 0.63) versus mean 

achieved SBP of 150–154 mmHg, and 0.36 (0.26 to 0.51) versus mean 

achieved SBP of 160 mmHg. Comparable reductions in the risk of all-

cause mortality were seen that also increased in line with the differences 

in achieved SBP.

In the meta-analysis from Ettehad et al [36], each 10 mmHg 

reduction in SBP associated with antihypertensive therapy was asso-

ciated with reduced relative risks (95% CI) of coronary heart disease  
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(0.83 [0.78 to 0.88]), stroke (0.73 [0.68 to 0.77]), heart failure (0.72 

[0.67 to 0.78]) and all-cause mortality (0.87 [0.84 to 0.91]) [36].

Thus, evidence from randomised trials of BP lowering agents adds to 

the evidence from observational studies on the relationship between high 

BP and an increased risk of adverse cardiovascular outcomes.

Figure 4 Effects of different classes of antihypertensive agents on clinical cardiovascular 
outcomes from a large meta-analysis of randomised trials in populations with 
hypertension [37]. 
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Conclusions

Hypertension is a common condition, occurring in about one-quarter of 

individuals worldwide, with a markedly higher prevalence in some coun-

tries. The severe burden of morbidity and premature mortality imposed 

by high BP is proven beyond doubt, and a large database of clinical trials 

and meta-analyses has confirmed that reducing BP delivers statistically 

and clinically significant reductions in the risk of cardiovascular events. 

As a result, pharmacological antihypertensive therapy is firmly estab-

lished as evidence-based care for hypertension. The following chapter 

considers the place of each class of currently available antihypertensive 

agents in the management of hypertension.
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This chapter reviews recommendations in current guidelines 

that relate to the five major classes of antihypertensive ther-

apy (angiotensin converting enzyme inhibitors [ACEI], angi-

otensin II receptor blockers [ARB], β-blockers, calcium chan-

nel blockers [CCB] and thiazide-like diuretics). European 

guidelines recommend that most patients with hypertension 

begin with a combination of an ACEI or ARB with a CCB or 

a diuretic. However, other comorbidities often influence the 

prescribing decision: for example, β-blockers and CCBs are 

evidence-based treatments for heart failure with reduced 

ejection fraction and stable coronary artery disease, post- 

myocardial infarction (MI), and are also useful for amelio-

rating the symptoms of angina.
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Introduction

There are many antihypertensive agents available currently for therapeu

tic use. For this reason, guidelines for the management of hypertension 

consider the therapeutic evidence base for five major classes of antihy

pertensive agents, as well as for individual agents within those classes. 

This chapter considers current recommendations from major guidelines 

relating to the use of antihypertensive classes for the management of 

arterial hypertension in adults. Table 1 provides a list of the guidelines 

reviewed in this chapter [1–7], and Table 2 gives an overview of the five 

antihypertensive drug classes, with examples of the more commonly 

used individual drugs within them [8]. In each case, these tables define 

the commonly used acronyms for these drug classes and the guidelines 

that will be used throughout this chapter.

Table 1 Hypertension guidelines summarised in this chapter with names  
of their sponsoring organisations. 

Guideline Year of 
publication

Guideline for the management of arterial hypertension from the European 
Society of Cardiology (ESC)/European Society of Hypertension (ESH) [1]

2018

Guideline on the prevention of cardiovascular disease from the ESC  
and 12 additional expert societies [2]

2021

Guideline on the management of high BP in adults from the American College 
of Cardiology (ACC), the American Heart Association (AHA) and 9 other expert 
societies [3]

2018

International Society of Hypertension (ISH) global hypertension practice 
guideline [4]

2020

National Institute for Health and Care Excellence (NICE) guideline  
on hypertension management in adults [5]

2022

ESC guideline for the management of heart failure [6] 2021

ESC guideline for the management of chronic coronary syndromes [7] 2019

BP: blood pressure.
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General recommendations on the use  
of antihypertensive therapy

Importance of lifestyle interventions

Adverse lifestyle behaviours, such as physical inactivity and poor diet 

leading to weight gain are associated with higher levels of blood pressure 

(BP) [9]. Conversely, lifestyle intervention—improving the diet and un

dertaking increased levels of physical activity—improves multiple cardio

vascular risk factors, including reducing BP in people with hypertension 

[10–12]. A recent large, observational study from the United Kingdom 

(UK) showed that a healthier lifestyle (compared with a very unhealthy 

lifestyle) was associated with increased life expectancy of up to about 

6 years in men and about 8 years in women [13]. All guidelines agree on 

the central importance of encouraging patients with hypertension to im

prove their lifestyle. It is important to note that all guideline recommen

dations on the pharmacological management of hypertension discussed 

here are considered in addition to lifestyle modification.

Table 2 Major classes of antihypertensive agents [2]. 

Antihypertensive  
class

Examples of commonly used individual drugs within each classd

ACEI Captopril, enalapril, fosinopril, imidapril, lisinopril, perindopril, quinapril, 
ramipril, trandolapril

ARB Azilsartan medoxomil, candesartan cilexetil, eprosartan, irbesartan, 
losartan, olmesartan medoxomil, telmisartan, valsartan

b-blocker β1-selective: acebutolol, atenolol, betaxolol, bisoprolol, celiprolol, 
esmolol, metoprolol, nebivolola

Not β1-selective: carvedilol,b labetolol,b levobunolol, nadolol, pindolol, 
propranolol, sotalol, timolol

CCB Dihydropyridine: amlodipine, felodipine, lacidipine, lercanidipine, 
nicardipine, nifedipine, nimodipine
Non-dihydropyridine: verapamil, diltiazem

Diureticc Bendroflumethiazide, chlorthalidone, hydrochlorothiazide, indapamide

ACEI: angiotensin converting enzyme inhibitor; ARB: angiotensin II receptor blocker;  
CCB: calcium channel blocker.
aAlso inhibits phosphodiesterase-5. 
bAlso blocks α1-adrenoceptors.
cParticularly thiazide and thiazide-like diuretics, listed here.
dThe lists of drugs of each class serves to provide examples only, and are not intended  
to be exhaustive. Compiled from information presented in reference [2].
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Initiation of antihypertensive pharmacotherapy

Table 3 summarises the main recommendations relating to the initiation 

of antihypertensive pharmacotherapy from major guidelines for the man

agement of hypertension. It should be noted that lifestyle improvement 

should be undertaken by all patients, as described above.

The classical approach to the pharmacological management of hy

pertension has been to start with monotherapy, followed by sequential 

addition of other drugs if BP is not controlled adequately. Observations 

of a high prevalence of uncontrolled hypertension and high rates of 

nonadherence in drugtreated patients have prompted reconsideration 

of this approach. For example, one study from the United States (US) 

found that 38% of patients taking antihypertensive monotherapy had BP 

>140/90 mmHg [14]. Accordingly, guidelines proposed by the European 

Society of Cardiology (ESC) and the European Society of Hypertension 

(ESH) recommends starting pharmacological antihypertensive treatment 

with a 2drug combination for most patients (possible exceptions being 

patients with SBP <150 mmHg and low cardiovascular risk, the very el

derly and frail patients) [3]. A blocker of the reninangiotensin system 

(RAS), such as an ACEI or ARB, given with a CCB or diuretic is preferred. 

A more recent guideline on cardiovascular disease (CVD) prevention 

from the ESC and 12 other expert societies provide similar recommen

dations on the initiation of antihypertensive pharmacotherapy, but also 

state that a combination of any of the five classes of antihypertensive 

therapies can be used instead of the preferred ACEI/ARB + CCB or diu

retic combination [2].

The 2018 ESC guideline for the management of hypertension [2] (but 

not the 2021 guideline for cardiovascular risk reduction [3]) provides 

support for pharmacological management of highnormal BP, especially 

in very highrisk patients with coronary artery disease. The US guideline 

from 2018 (proposed by the American College of Cardiology [ACC] and 

American Heart Association [AHA]) also supports pharmacological inter

vention to prevent recurrent CVD in patients with BP ≥130/80 mmHg 

and either prior CVD or 10-year CVD risk ≥10%. Antihypertensive med

ication is proposed for patients at lower cardiovascular risk if their BP is 
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Table 3 Overview of recommendations on initiation of antihypertensive pharmaco
therapy. 

Sponsor(s) Summary of recommendationsc

ESC/ESH 
(2018) [1]a

Initiate pharmacotherapy for patients with Grade I hypertension at low-to-
moderate CV risk if a 3–6-month trial of lifestyle intervention is unsuccessful 
Initiate pharmacotherapy immediately for patients with Grade I hypertension 
and high or very high CV risk (with CV or renal disease or target organ 
damage) and for all patients with Grade 2 or 3 hypertension
Start with a 2-drug combination for most patients (ACEI/ARB + CCB or diuretic 
preferred)

ESC (2021) 
[2]b

Similar recommendations as above for initiation of antihypertensive 
pharmacotherapy, including preference for ACEI/ARB + CCB or diuretic
Support for alternative combination of any two drugs from the five major 
classes

ACC/AHA 
(2018) [3]

Prescribe antihypertensive therapy if BP is ≥130/80 mmHg and CVD is already 
present or 10-year CV risk is ≥10%
Prescribe antihypertensive therapy if BP is ≥140/90 mmHg for patients at 
lower risk 
Consider initial combination of drugs with complementary mechanisms of 
action for patients with BP ≥140/90 mmHg

ISH (2020) [4] Initiate pharmacotherapy for patients with Grade I hypertension at low-to-
moderate CV risk if a 3–6-month trial of lifestyle intervention is unsuccessful 
Initiate pharmacotherapy immediately for patients with Grade I hypertension 
and high or very high CV risk (with CV or renal disease, target organ damage or 
diabetes) and for all patients with Grade 2 or 3 hypertension
Use ACEI/ARB + CCB or diuretic initially (“optimal” recommendation) or 
use whatever drugs are available if they have as many of the following 
characteristics as possible: evidence-based improvement in outcomes, 
effective given once daily, affordable and cost effective, well tolerated, 
and shown to be effective in the population in which they are to be used 
(“essential” recommendation)

NICE (2022) 
[5]

“Discuss” pharmacological antihypertensive therapy for patients with Stage 1 
hypertension if they have one or more target organs with damage, established 
CV or renal disease, diabetes, or 10-year CV risk ≥10%
“Consider” pharmacological antihypertensive therapy for patients with Stage 1 
hypertension and lower CV risk
Initiate pharmacological antihypertensive therapy for patients with Stage 2 
hypertension
Use clinical judgement with regards to patient issues such as comorbidities, 
frailty, etc.
ACEI/ARB favoured for patients with type 2 diabetes or age <55 years who are 
not of African-Caribbean heritage
CCB favoured for age >55 years without diabetes or patients of African-
Caribbean heritage

BP: blood pressure; CV: cardiovascular; CVD: cardiovascular disease. See Table 1 for definitions  
of acronyms for expert societies.
aGuideline for the management of arterial hypertension.
bGuideline for CV risk reduction.
cAll recommendations for pharmacological therapy are in addition to lifestyle interventions. 
Applies to patients without contraindications of compelling indications for a particular class of 
therapy (see text).
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≥140/90 mmHg, which is consistent with the ESC recommendations, 

described above. Physicians are invited to consider the use of a combi

nation of antihypertensive agents with complementary mechanisms of 

action as initial antihypertensive pharmacotherapy for patients with BP 

≥140/90 mmHg; it should be noted that the US guideline identifies this 

level of BP as “Stage 2 hypertension”, which differs from the European 

approach summarised in Box 1.

With regard to other guidelines, the approach of the International 

Society of Hypertension (ISH) towards initiation of antihypertensive 

pharmacotherapy is broadly similar to that of the ESC, with combination 

treatment preferred in all but the lowestrisk and very elderly patients. 

“Optimal” recommendations favour the use of an ACEI/ARB + CCB or 

diuretic at therapy initiation, but “essential” recommendations for ar

eas with limited access to healthcare support the use of any available 

combination, which ideally satisfies five criteria. The most recent (2022) 

guideline considered here, from the National Institute for Health and 

Care Excellence (NICE) in the UK, takes a very different approach to that 

of other expert groups [7]. There is no absolute recommendation for the 

use of antihypertensive drug treatment for patients with Grade 1 hyper

tension, even those at high risk. The choice of initial drug treatment is 

based on a patient’s medical history or ethnicity, with either ACEI/ARB 

or CCB preferred as initial therapy. There is no focus on the application 

of antihypertensive combination therapy at diagnosis in this guideline.

Box 1. Grading of severity of hypertension (European definition). 

Grade Systolic BP (mmHg) Diastolic BP (mmHg)

High normal 130–139 85–89

Grade 1 140–159 90–99

Grade 2 160–179 100–109

Grade 3 ≥180 ≥110

BP: blood pressure. Compiled from information presented in reference [3].
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Elderly patients

The ESC/ESH guideline supports the use of antihypertensive pharmaco

therapy for patients with Grade I hypertension who are aged between 

65 and 80 years. Older patients may receive antihypertensive pharma

cotherapy if their SBP is ≥160 mmHg. Other guidelines take a broadly 

similar approach.

Further intensification of antihypertensive therapy

Approximately onethird of patients with hypertension will remain 

suboptimally controlled despite treatment with two antihypertensive 

agents [15]. The ESC/ESH guideline favours a triple combination of 

ACEI/ARB + diuretic + CCB as the usual mode of treatment for these 

patients [2, 3]. Addition of spironolactone is recommended if not con

traindicated, or other classes of diuretic, bblocker, αblocker or centrally 

acting agents for patients unable to receive spironolactone. The ACC/

AHA guideline acknowledges the need for a third antihypertensive for 

some patients, and notes the existence of singletablet combinations con

taining ACEI/ARB/CCB [3]. NICE and the ISH also favour the use of 

this triple combination, followed where required by addition of lowdose 

spironolactone (where not contraindicated) [5, 6].

Antihypertensive therapy  
for special populations

Hypertension often appears alongside other longterm, noncommunica

ble diseases that may influence the choice of antihypertensive therapy.  

Table 4 summarises European guideline recommendations on the man

agement of hypertension in patients with comorbidities. In some cases,  

the recommendations cited are a synthesis of those given in guidelines  

for hypertension and the specific comorbidity, e.g. heart failure or  

chronic coronary syndrome.



28  •  10 Years of Experience with a Fixed-Dose Combination of Bisoprolol and Amlodipine

Heart failure 

Heart failure with reduced left ventricular ejection fraction 
(HFrEF)

ACEI/ARBs [16] (or sacubitril/valsartan [17]), bblockers [18] and min

eralocorticoid receptor antagonists (MRAs) [19] are evidencebased ther

apies for improving clinical outcomes in people with HFrEF, and guide

lines recommend that they should be included in the therapeutic regimen 

of these patients. Sodium glucose cotransporter 2 inhibitors (SGLT2i) 

have shown large and consistent reductions in hospitalisations and mor

tality due to HFrEF, which led to guideline recommendations to include 

them in treatment regimens for heart failure [20]. Moreover, SGLT2i pro

duce reductions in SBP of about 2–4 mmHg [21, 22], which may contrib

ute to the overall management of BP in patients with hypertension and 

Table 4 Use of classes of antihypertensive agents in populations with a comorbidity.

Comorbidity Include in the regimen

Heart failure  
with reduced 
ejection fraction 

ACEI/ARB (or sacubitril/valsartan)
β-blocker
MRA
SGLT2 inhibitor
Loop diuretic (for fluid retention)
Consider CCB if BP target not achieved

Heart failure with 
preserved ejection 
fraction

SGLT2 inhibitor
Consider β-blocker, long-acting nitrates, CCB, ivabradine, ranolazine, 
trimetazidine, nicorandil (alone or in combination) for angina relief but 
there is no evidence base for improved outcomes

CCS (postMI) ACEI and β-blocker or CCB (history of myocardial infarction)
β-blocker and/or CCB (for symptomatic angina)

Diabetes ACEI/ARB + CCB or diuretic

Chronic kidney 
disease

ACEI/ARB + CCB or diuretic
SGLT2 inhibitor

Atrial fibrillation β-blocker or non-dihydropyridine CCB if rate control is needed

Prior ischaemic 
stroke or TIA

ACEI/ARB + CCB or diuretic

COPD ACEI/ARB + CCB
Consider β1-selective β-blocker or diuretic if BP goal not met

ACEI: angiotensin converting enzyme inhibitor; ARB: angiotensin II receptor blocker; BP: blood 
pressure; CCB: calcium channel blocker; CCS: chronic coronary syndrome; COPD: chronic 
obstructive pulmonary disease; MI: myocardial infarction; MRA: mineralocorticoid receptor 
antagonist; SGLT2: sodium glucose co-transporter 2; TIA: transient ischaemic attack.
Compiled from information presented in European guidelines for the management  
of hypertension, heart failure or chronic coronary syndromes [2, 6, 7].
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HFrEF (or indeed, chronic kidney disease [CKD], see below). A recent 

metaanalysis found a combination of sacubitril/valsartan, bblocker, 

mineralocorticoid receptor antagonists (MRA) and SGLT2i to be the most 

effective combination for reducing the risk of mortality in patients with 

heart failure [23]. Nondihydropyridines should not be given to patients 

with decompensated heart failure.

Heart failure with preserved left ventricular ejection fraction  
(HFpEF)

HFpEF is usually defined as heart failure with a left ventricular ejection 

fraction (LVEF) >50%, although patients with LVEF 40–50% have been 

included in many studies [7]. As many as half of communitydwelling 

patients with heart failure have HFpEF [24]. Prognosis is poor, with one 

study reporting an average life expectancy of 2.1 years and 75% mortal

ity over 5 years from diagnosis [25].

Blockers of the RAS or sacubitril/valsartan, which are effective in im

proving mortality outcomes in HFrEF (see above), have not been shown 

to reduce mortality in HFpEF [26, 27]. MRA appear to reduce hospital

isations for HFpEF, but not mortality [25]. Metaanalyses have reported 

that treatment with a bblocker reduced the risk of cardiovascular mor

tality in patients with HFpEF [25, 26]. A further metaanalysis found a 

mortality benefit for bblockade in patients with LVEF 40–49%, but not 

in a small group with LVEF ≥50% [17]. These findings are intriguing, 

and suggest the need for further research on the effects of bblockers in 

HFpEF. However, the limited and post-hoc nature of this evidence does 

not support a role for the use of bblockers in the management of HFpEF 

currently, in the absence of an additional reason for their use.

Guidelines for HFpEF recommend the use of diuretics to improve 

heart failure symptoms [7]. The EmperorPreserved trial demonstrated 

recently that treatment with an SGLT2i (empagliflozin) significantly re

duced the risk of hospitalisation for heart failure in patients with HFpEF 

[28]. A large metaanalysis, which included patients with LVEF >50%, 

added support to this finding [29]. In future, SGLT2i may become part 

of the standard management of HFpEF, with some implications for BP 

management, as for HFrEF.
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Chronic coronary syndrome (post-MI)

As with HFrEF, RAS blockers and bblockers are evidencebased therapy 

for improving clinical outcomes in patients with a prior history of MI 

[30, 31]. Patients with symptomatic angina pectoris may benefit from a 

combination of a bblocker with a CCB.

Other comorbidities and contraindications

The recommended initial pharmacotherapy for a patient with hyperten

sion and diabetes, CKD, prior stroke or transient ischaemic attack, or 

chronic obstructive pulmonary disease (COPD), is a blocker of the RAS 

combined with a CCB or a thiazidelike diuretic. An exception is atrial 

fibrillation, where a bblocker or nondihydropyridine CCB may be useful 

in controlling both BP and the ventricular rate.

SGLT2i have been shown to improve clinical outcomes in patients 

with CKD, and some agents now have an indication for this condition. 

Future guidelines for the management of hypertension may include a 

compelling indication for these agents in the management of patients 

with CKD and hypertension.

The 2018 ESC/ESH guideline for the management of hypertension 

includes “compelling” and “possible” contraindications to the use of the 

five main classes of antihypertensive agents. These are discussed briefly 

here as they will impact on the use of these drugs in patients with specific 

comorbidities.

Diabetes or metabolic syndrome: These conditions are listed 

as “possible” contraindications for bblockers and thiazidelike diuretics. 

Diuretics may also be considered contraindicated in patients who are 

athletes or physically active. It should be noted that bblockers are a 

highly heterogeneous class of drugs, including individual agents with 

or without selectivity for the b1adrenoceptor, intrinsic sympathomimet

ic activity or additional vasodilator properties, among other attributes 

[32]. The potentially adverse metabolic effects of bblockers are largely 

associated with blockade of b2adrenoceptors, and such effects have not 

been observed with highly selective b1adrenoceptor blockers (cardio 

selective agents), such as bisoprolol [33–36]. Metabolic disturbances 
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with thiazides are less marked at low dosages, consistent with those 

delivered in fixeddose combinations with other antihypertensive agents 

[37].

COPD/asthma: Asthma is listed as a compelling contraindication 

for bblockers. Again, b2adrenoceptor blockade accounts for most or all 

of the adverse effects on bronchial tone in people with asthma, or with 

interference with the action of b2agonists taken to manage an asthma 

attack [38]. Observational data have shown no increased risk of asthma 

exacerbations in patients receiving a selective b1adrenoceptor, compared 

with clearly increased risk with a nonselective agent, even at lower dos

ages [39]. The European Summary of Product Characteristics lists only 

“severe bronchial asthma” as a contraindication for bisoprolol (a highly 

selective b1adrenoceptor blocker), compared with “a history of bron

chospasm or asthma” for the non–cardioselective bblocker, proprano

lol. These observations are important, as bblockers may be underused in 

patients with airways disease [40].

Sinoatrial block or bradycardia: Neither bblockers nor nondi

hydropyridine CCBs should be used in patients with highgrade atrioven

tricular block or severe bradycardia.

Pregnancy: ACEI and ARBs should not be taken during pregnancy 

and being a “woman of childbearing potential without reliable contra

ception” is given as a contraindication for these agents. Pregnancy is also 

a contraindication for thiazidelike diuretics.

Other compelling contraindications: ACEI or ARB may 

cause hyperkalaemia [41]. Accordingly, hyperkalaemia (serum  

K+ >5.5 mmol/L) is listed among the compelling contraindications to 

the use of these agents. ACEI or ARBs should not be used in patients 

with bilateral renal artery stenosis, as they may precipitate acute renal 

failure in this setting. This arises because the maintenance of glomerular 

pressure and filtration becomes dependent on angiotensin IImediated 

constriction of the efferent arteriole when flow though the renal affer

ent arteriole is limited (as in renal artery stenosis). Removing the effect 

of angiotensin II collapses glomerular pressure and effectively switches 

off glomerular filtration [42]. ACEI use also rarely causes angioneurotic  

oedema, associated with accumulation of bradykinin, which would 
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normally be metabolised by ACE; this is another compelling contraindi

cation for this class of antihypertensive [43]. Finally, gout is a compelling 

contraindication for thiazidelike diuretics, associated with increased cir

culating levels of uric acid [44].

Discussion

Perhaps the main takehome message from current major guidelines for 

the management of hypertension, especially those from Europe, is that 

almost all patients will need combination therapy with at least two drugs 

to achieve adequate control of BP. The most common recommendation 

for initial antihypertensive therapy in the guidelines is for a blocker of 

the RAS (ACEI or ARB), together with a CCB or thiazidelike diuretic, 

which fulfils the requirement of choosing two agents with different, and 

potentially complementary, mechanisms of action. The role of bblockers 

has diminished in guidelines in recent years, due in part to concerns over 

adverse metabolic effects (likely attributable to lack of b1adrenoceptor 

selectivity of some bblockers, as described above), or lower potential to 

reduce the risk of adverse coronary events than newer classes in some 

metaanalyses [45, 46], although this was not seen in a large meta 

analysis that incorporated data from 464,000 patients [47]. These meta 

analyses also suggested that CCBs tend to be more effective in preventing 

strokes than other antihypertensive classes. Combining a highly selective 

bblocker with a CCB therefore remains a rational approach to the man

agement of hypertension, especially for patients with HFrEF, prior MI or 

stroke, atrial fibrillation or hypertension driven by high sympathetic tone 

[48, 49]. Chapter 4 of this book will consider the mechanism of action 

of this combination.
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Chapter 3

Medical Need for Combination 
Treatment in Hypertension
Luciano F Drager
Heart Institute (InCor), University Hospital HCFMUSP, University of São Paulo,  
São Paulo, Brazil

Blood pressure (BP) is not optimally controlled in half or 

more patients with hypertension in most countries. Current 

guidelines call for more intensive management of hyperten-

sion, including use of combination treatment from diagnosis 

for most patients. These guidelines strongly support the use 

of single-tablet combinations from diagnosis for most pa-

tients, as this approach is more effective and better tolerated 

than titration of monotherapies, helps to avoid clinical iner-

tia, and supports good adherence to the treatment regimen. 

Sub-optimal control of hypertension is common

Prevalence of sub-optimal BP control in hypertension

We have seen in the preceding chapters of this book that hypertension 

is prevalent world-wide, and that uncontrolled hypertension is associ-

ated with a major burden of premature cardiovascular morbidity and 
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mortality. We have also seen that major international guidelines provide 

targets for BP control in people with hypertension that, if achieved, will 

help to preserve cardiovascular health and reduce the risk of major ad-

verse cardiovascular events.

So, how well are we doing? The Non-Communicable Disease Risk 

Factor Collaboration undertook a global survey of hypertension that in-

cluded data from a total of 104 million individuals, with BP data from 

1,204 individual studies [1]. The survey reported that, overall, 47% (95% 

confidence interval [CI], 43 to 51%) of women and 38% (95% CI, 35 to 

41%) of men received treatment for hypertension, and hypertension was 

controlled in 23% (95% CI, 20 to 27%) of women and 18% (95% CI, 

16 to 21%) of men in 2019. Figure 1 summarises some of these data from 

selected countries from different regions of the world. The proportions 

treated and controlled were highly variable between countries. Also, the 

rates of treatment and control were higher for women than for men in 

most of the countries, consistent with the results of the overall analysis.

Other published data support these findings. Data from the nation-

ally representative National Health and Nutrition Survey (NHANES) 

2015–2018 cohort in the United States of America (USA) reported 

that only 22.3% of women and 18.2% of men with hypertension had 

their BP controlled [2]. This was even lower than the global survey, al-

though it should be noted that these data were generated using the US 

BP target of <130/80 mmHg (see Chapter 2 of this book), rather than 

the <140/90 mmHg cut-off used in the global survey. A 2017 survey 

using data from 6,546 individuals across ten countries and three conti-

nents found that treatment and BP control rates (<140/90 mmHg) were 

48.0% (range, 33.5 to 74.1%) and 38.6% (range, 10.1 to 55.3%), re-

spectively [3]. The World Health Organization has reported that 42.0% 

of adults with hypertension are diagnosed and treated, and only 21.0% 

achieve BP control [4]. Elsewhere, control of hypertension was achieved 

in 38.1% (95% CI, 37.8 to 38.4%) of 100,000 treated hypertensive 

patients in the United Kingdom (UK) (<140/90 mmHg, 2021) [5]; in 

47.3% (standard deviation, 1.17) of 3,969 hypertensive patients in Korea 

(<140/90 mmHg, 2016–2017) [6]; in 51.6% of treated patients with 

hypertension in Ireland (<140/90 mmHg, 2009–2011) [7]; in 64.6% 
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Figure 1 Proportion of patients with hypertension who (a) received treatment and  
(b) achieved adequate blood pressure control (<140/90 mmHg) from a global survey on 
hypertension [1].  
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of hypertensive patients in Canada (<140/90 mmHg, 2009) [8]; and 

in 49.9% of treated hypertensive patients in Guinea-Bissau, West Africa 

(<140/90 mmHg, 2021) [9]. 

Need for combination therapy in hypertension

Superior clinical efficacy of antihypertensive  
combinations versus monotherapy

The clinical evidence summarised above confirms that a substantial pro-

portion of people with hypertension are under treated. Three strategies 

are available for increasing the effectiveness of antihypertensive therapy: 

(1) switching to another drug (i.e. sequential antihypertensive mono-

therapy); (2) titrating the dose of another drug; or (3) adding one or 

more new drugs to the regimen.

A randomised trial compared all three strategies during 9 months of 

treatment. More patients with hypertension achieved BP <140/90 mmHg 

following initial treatment with a single-tablet, low-dose combination of 

perindopril (an angiotensin-converting enzyme inhibitor), a thiazide, 

and indapamide, compared with sequential monotherapy with ateno-

lol (a b-blocker), losartan, and amlodipine (a calcium channel blocker), 

or ‘stepped care’ where monotherapy with valsartan (an angiotensin II 

receptor blocker [ARB]) was titrated and a thiazide added if required 

(Table 1) [10]. A second randomised trial in 605 patients with previ-

ously untreated hypertension compared strategies (1) and (3) directly 

[11]. Patients in two study arms received the ARB losartan or the thi-

azide diuretic hydrochlorothiazide for 8 weeks, followed by crossing 

over to the other monotherapy for a further 8 weeks. Patients in a third 

study arm received both drugs together for the 16-week treatment pe-

riod. The mean change in clinic BP was –23.8/–13.4 mmHg for com-

bination therapy versus –13.7/–7.1 mmHg for sequential monotherapy 

(mean treatment difference –10.1/–6.31 mmHg, p<0.001). Thus, initial 

combination thera py is more effective than sequential monotherapy for 

controlling high BP. A third randomised trial, where perindopril plus in-

dapamide were given as initial antihypertensive therapy to drug-naïve 
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Table 1 Greater antihypertensive efficacy with a single-tablet combination of two anti- 
hypertensive agents compared with sequential monotherapies or a stepped care  
approach during 9 months of treatment in patients with hypertension [10].

Mean change in systolic/
diastolic blood pressure 

(mmHg)

Percent of patients 
with blood pressure 

<140/90 mmHg

Initial single-tablet combination 
approach (indapamide + perindoprila)

–26.6*/–13.6 62*

Sequential monotherapy approach 
(atenolol → losartan → amlodipineb)

–22.6/–12.5 49

Stepped care approach  
(valsartan 40–80 mg + additional 
hydrochlorothiazide if neededc)

–21.5/–12.1 47

aFor the initial combination tablet approach, the dose of the combination could be titrated if 
required.
bIn the sequential monotherapy approach, monotherapies were replaced if blood pressure  
remained uncontrolled. 
cFor the stepped care approach, valsartan monotherapy could be titrated followed by addition 
of hydrochlorothiazide if needed.
*p<0.05 or better vs. both other treatment groups.
Data are from the end of the study (9 months of treatment). 
Compiled from data presented in Mourad et al. [10]

patients, or to uncontrolled hypertensive patients as replacement for a 

monotherapy or in addition to an existing monotherapy, reported control 

rates for hypertension of 67–70% across the three groups, which is high-

er than expected in usual routine care, as described above [12]. 

A meta-analysis of 42 clinical trials (including 10,968 participants), 

which compared two-drug combinations with one or more of their com-

ponents as monotherapy, showed that addition of a second antihyper-

tensive drug to a thiazide diuretic produced reductions in BP that were 

clearly larger than those obtained with monotherapies (Figure 2) [13]. 

This study also showed that adding an additional antihypertensive agent 

delivered BP reduction that was five-fold higher than titrating an existing 

monotherapy. Another meta-analysis showed that patients with hyper-

tension taking combination antihypertensive therapy were more likely to 

achieve their BP goal compared with monotherapy [14]. Finally, a real- 

world evidence study compared strategies of single-tablet combination 

therapy, a free combination of antihypertensive agents, and monotherapy 

during the first treatment year [15]. The likelihood of achieving BP control 

was higher for the single-tablet or free combination versus monotherapy 
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(hazard ratio, 1.53 [95% CI, 1.47 to 1.58] and 1.34 [95% CI, 1.31 to 

1.37]), respectively.

A number of other randomised trials have confirmed the superior 

efficacy of initial combination therapy for increasing BP control rates 

in populations with hypertension [16]. These data further confirm 

the superior efficacy of the combination therapy approach for increas-

ing the effectiveness of antihypertensive treatment, compared with 

monotherapy. 

Experience from clinical trials of intensive BP control

Several clinical trials have evaluated the effects on outcomes of intensive 

BP control in various populations, in order to explore the clinical validity 

of guideline BP targets. These trials have required the use of multiple 

antihypertensive agents to achieve their intensive BP control targets. For 

example, patients in the intensive control arm of the Action to Control 

Cardiovascular Risk in Diabetes (ACCORD) BP trial (in people with type 2 

diabetes and hypertension) received an average of 3.4 antihypertensive 

Figure 2 Mean reduction in systolic blood pressure in patients receiving two-drug 
combination therapy compared with monotherapy [13]. 
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agents (compared with an average of 2.1 agents for the standard control 

group) [17]. Similar findings came from the intensive and standard control 

groups in the Systolic Blood Pressure Intervention Trial (SPRINT) in hy-

pertensive patients at elevated cardiovascular risk (2.8 versus 1.8 agents, 

respectively) [18], and the Strategy of Blood Pressure Intervention in the 

Elderly Hypertensive Patients (STEP) trial in older patients with hyperten-

sion (1.9 versus 1.5 agents, respectively) [19].

Advantages of single-tablet combinations

Overcoming clinical inertia in hypertension

The definition of therapeutic inertia is a “failure of healthcare providers 

to initiate or intensify therapy according to current guidelines” [20, 21]. 

In the setting of hypertension management this means a failure to initi-

ate or to intensify antihypertensive therapy despite a patient’s BP being 

above the current guideline goal.

Therapeutic inertia is common in the management of hypertension, 

for reasons related to the healthcare provider, the patients themselves, 

and the healthcare system [22]. A recent (2021) cohort study in the 

Netherlands found that this applied to 87% of a population of hyper-

tensive patients above their guideline BP goal while receiving one or two 

antihypertensive drugs [23]. Older age, having BP close to the goal, and 

comorbid diabetes were associated with therapeutic inertia in this study. 

Physicians cited a preference for optimising lifestyle intervention and 

waiting for the next set of results among the reasons for not intensify-

ing therapy. The prevalence of therapeutic inertia in the standard and 

intensive BP management arms of the randomised SPRINT trial varied 

between 56–60%, with some evidence of differences according to eth-

nicity [24]. Almost half of the patients with Stage 1 or 2 hypertension 

remained on monotherapy over 8 years in Belgium and Luxembourg, de-

spite uncontrolled BP [25]. A systematic review suggested that a range of 

interventions designed to reduce therapeutic inertia increased the likeli-

hood of achieving BP control by 19% [20]. 
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Modelling studies have also addressed this issue. A therapeutic iner-

tia score, based on disparities between expected and actual changes in 

medication, predicted a reduction in BP (patients in the lowest quartile 

of the score) or an increase in BP (patients in the highest quartile) [26]. 

Reproducing routine clinical practice in a Monte Carlo simulation sug-

gested that therapeutic inertia may be responsible for as many as half of 

all hypertensive patients failing to meet their BP target during 10 years 

of follow-up [27]. 

The American Medical Association recommends four strategies for 

reducing therapeutic inertia in the management of hypertension [28]:

•	 Using single-tablet combinations (to simplify the regimen).

•	 Paying careful attention to dosages prescribed (so that a second 

agent can be prescribed before titrating a monotherapy to its 

maximum dosage thereby reducing the potential for side effects).

•	 Identifying barriers to adherence (e.g. side effects, forgetting to 

take medication).

•	 Encouraging patients to self-monitor their BP (to ensure adequate 

BP readings are available to support good prescribing decisions).

Supporting good adherence to the therapeutic  
regimen

People with hypertension, especially older patients, often have addi-

tional comorbidities leading to a need for polypharmacy, which is a risk 

factor for sub-optimal adherence to the therapeutic regimen [29–31]. 

Simplifying the regimen improves adherence; clinical studies have re-

ported better adherence to once-daily, single-tablet combinations, com-

pared with free combinations of two or more agents [32–35], twice-daily 

treatment [36], or antihypertensive monotherapy [37, 38]. 

A systematic review reported improved adherence to a single-tablet 

combination compared with a free, co-administered combination, and 

that this was associated with a larger decrease in BP (treatment differ-

ence –4.0/1.5 mmHg) [39]. Another systematic review not only reported 

better antihypertensive goal achievement with single-tablet versus free 

combinations, but also reported a significantly reduced need for outpa-

tient visits, emergency room visits and hospitalisations for patients with 
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hypertension and/or dyslipidaemia [40]. Better adherence to antihyper-

tensive therapy has also been significantly associated with a lower risk 

of adverse cardiovascular outcomes in a large database study from the 

USA [41]. The improved adherence associated with single-tablet combi-

nations therefore has functional significance for patients.

Maximising efficacy while minimising side-effects

Titrating an antihypertensive therapy beyond half of its maximum indi-

cated dose is unlikely to produce marked additional BP lowering efficacy, 

instead increasing the potential for side effects [42]. Combination tablets 

are more effective for BP control than monotherapy from therapy initi-

ation, as described above, while the low dose of each individual compo-

nent of the combination tablet supports good tolerability. For example, 

single-tablet antihypertensive combination therapy was better tolerated 

than either sequential monotherapy or stepped care in one of the ran-

domised trials reviewed above. The number of patients achieving BP 

<140/90 mmHg without side effects was 66% for the single-tablet com-

bination, compared with 42% for sequential monotherapy or stepped 

care (p=0.001 and p=0.004, respectively) [10]. 

What the guidelines say

The current European guideline for the management of hypertension 

provides strong support for the prescription of combination antihyper-

tensive therapy [43], especially using a combination of agents within 

a single tablet, for the majority of patients at the time of diagnosis of 

hypertension. This is to “improve the speed, efficiency, and predictability of 

BP control”. Antihypertensive monotherapy is reserved in this guideline 

for patients with systolic BP <150 mmHg, patients with high-normal BP 

who are at very high cardiovascular risk, or frail or very elderly patients. 

US guidelines recommend consideration of antihypertensive combina-

tion	 therapy	 for	 patients	with	 BP	≥140/90	mmHg	 (Stage	2	 hyperten-

sion) [44]. 
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The use of additional antihypertensive drugs beyond a two-drug com-

bination is also supported strongly in this guideline, with recommenda-

tions on the appropriate use of a third or fourth agent, if needed. These 

recommendations are consistent with the observation that multi-drug 

combinations were needed to control BP in the intensive control arms of 

large outcomes trials, as described above.

The European guideline for the management of hypertension con-

siders that insufficient use of combination therapy is likely a contribut-

ing factor to the low rates of hypertension control described above. The 

guideline writers did not provide evidence for this, but several recent 

studies suggest that a majority of patients across various countries with 

newly diagnosed hypertension have been prescribed antihypertensive 

monotherapy, rather than combination therapy [45–48].

Conclusions

BP is controlled to guideline targets in less than half of the people treated 

for hypertension in most countries, leaving millions of people with hyper-

tension at an unnecessarily increased risk of adverse cardiovascular out-

comes. Under-treatment of hypertension, associated with clinical iner-

tia, contributes to low rates of treatment and control of high BP. Current 

guidelines for the management of hypertension recommend that most 

patients should receive combination antihypertensive therapies, usually 

from the time of diagnosis of hypertension. Antihypertensive combina-

tions, delivered by single tablets, are an effective approach to the delivery 

of combination antihypertensive therapy in a way that is convenient for 

patients, better tolerated than high doses of monotherapy, and supports 

good adherence to the antihypertensive regimen. 
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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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Chapter 5

Pharmacokinetic Properties  
of a Combination of Bisoprolol  
and Amlodipine
Rohit Khurana
The Harley Street Heart and Vascular Centre, Gleneagles Hospital, Singapore, 
Singapore

The duration of action of bisoprolol and amlodipine exceeds 

24 hours after dosing. The bisoprolol and amlodipine compo-

nents of the single-tablet combination meet formal criteria for 

bioequivalence with a co-administered combination of lead-

ing proprietary formulations of these agents. This simplifies 

a switch from a co-administered bisoprolol and amlodipine 

combination to the single-tablet formulation. Overall, bisopr-

olol and amlodipine have complementary pharmacokinetic 

properties consistent with inclusion in a combination tablet.

General pharmacokinetics of bisoprolol  
and amlodipine

Table 1 provides an overview of key pharmacokinetic parameters for 

bisoprolol and amlodipine [1–4]. Both drugs are extensively absorbed, 
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and have a plasma half-life consistent with once-daily dosing, with the 

duration of action of amlodipine being especially long, consistent with its 

large volume of distribution and extensive binding to plasma proteins. 

Neither drug is susceptible to clinically significant first-pass metabolism, 

and neither generates active metabolites.

The balanced renal/hepatic elimination of bisoprolol has clinical 

significance. For example, the elimination half-life of bisoprolol was in-

creased by 1.96 fold in patients with versus without severe renal dysfunc-

tion, with similar plasma levels of bisoprolol in patients with severe renal 

dysfunction or receiving renal dialysis [4]. Therefore, it is unlikely that 

severe accumulation of the drug would occur in this setting (Chapter 8 

of this book addresses the safety and tolerability of this combination). 

Amlodipine should be used with caution in the setting of hepatic impair-

ment consistent with the liver being its principal site of metabolism; no 

dose adjustments are required for renal dysfunction, however.

The pharmacokinetic profiles of these agents suggests that they are 

suitable for co-administration (duration of action is consistent with 

once-daily dosing, and there are no major restrictions according to re-

nal or hepatic function). However, regulatory requirements mean that 

dedicated studies need to be conducted to ensure that bisoprolol and 

amlodipine, delivered by a combination tablet, are bioequivalent with 

Table 1 Overview of the pharmacokinetics of bisoprolol and amlodipine [1–4]. 

Bisoprolol Amlodipine

Bioavailability 90% 60–65%

Elimination Balanced between hepatic 
metabolism and renal 
excretion as unchanged drug

Mainly hepatic metabolism 
with 5% excreted as 
unchanged drug

Active metabolites? No No

First pass metabolism Very low/absent Very low/absent

Time to peak plasma 
concentration after dosing

2 hours 6–8 hours

Elimination half life 10–11 hours 30–50 hours

Volume of distribution 3.5 L 21 L

Recommended dosing 
schedule

Once daily Once daily

Plasma protein binding 30% 98%

Compiled from information presented in references [1–4].
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marketed formulations of these agents. This chapter summarises the re-

sults of these studies.

Pharmacokinetic evaluation of a single-tablet 
combination of bisoprolol and amlodipine 

Overview of pharmacokinetic studies

Four pharmacokinetic studies, (three bioequivalence studies and one 

drug-drug interaction study, Table 2), have evaluated the bisoprolol- 

amlodipine combination tablet in comparison with proprietary reference 

formulations of bisoprolol (Concor™, Merck Healthcare KGaA) and am-

lodipine (Norvasc®, Pfizer) [5]. All were randomised, crossover studies 

conducted in healthy volunteers. Three studies (A, B and C in Table 2), 

compared a bisoprolol 10 mg/amlodipine 10 mg tablet with the respec-

tive monotherapies, either after a single dose or after 5 days of dosing. The 

fourth study (D in Table 2), compared single administrations of the biso-

prolol 5 mg/amlodipine 5 mg combination tablet with a co-administered  

combination of the corresponding proprietary reference products. The 

studies took place in Canada, China and Brazil in order to confirm the 

results of the studies in different populations.

Bioequivalence studies in fasted subjects

The mean maximal plasma concentration (Cmax), mean area under the 

concentration-time curve over the 24-hour dosing interval (AUC), and 

the time to Cmax of each drug after ingestion (Tmax) are shown in Table 3. 

Within each study, these parameters were similar for bisoprolol and 

amlodipine proprietary reference products and the combination tablet. 

Cmax and AUC were higher for the multiple-dose study (study C), com-

pared with the single-dose study (study A). This would be expected as 

these drugs have durations of action that exceed 24 hours. Plasma con-

centrations of drugs started at zero at the time of drug administration 

in the single-dose study, whereas the last administration of drug in the  

multiple-dose study added to the steady-state trough drug concentration 
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Table 2 Pharmacokinetic evaluations of a single-tablet combination of bisoprolol and 
amlodipine [5]*. 

Study Design N Subjects Treatments Duration

A (Canada) R, X, OL 28 Healthy male 
or female 
volunteers 
(fasted)

Amlodipine 10 mga

Bisoprolol 10 mgb

Amlodipine 10 mg/bisoprolol 
10 mg combination tablet

Single 
dose

B (Brazil) R, X, OL, SB 28 Healthy male 
volunteers 
(fasted)

Amlodipine 10 mga

Bisoprolol 10 mgb

Amlodipine 10 mg/bisoprolol 
10 mg combination tablet

Single 
dose

C (Canada) R, X, OL 22 Healthy male 
or female 
volunteers 
(fasted)

Amlodipine 10 mga

Bisoprolol 10 mgb

Amlodipine 10 mg/bisoprolol 
10 mg combination tablet

5 days

D (China) R, X, OL 32 Healthy male 
or female 
volunteers  
(fasted and fed)

Amlodipine 5 mga

Bisoprolol 5 mgb

Amlodipine 5 mg/bisoprolol 
5 mg combination tablet

Single 
dose

OL: open-label; R: randomised; SB: single (laboratory) blind; X: crossover.
Proprietary reference formulations: aNovasc® (Pfizer); bConcor™ (Merck Healthcare KGaA),  
or equivalent local brands.
*Also includes information from original clinical study reports (Merck Healthcare KGaA).

Table 3 Key pharmacokinetic evaluation of the bisoprolol 10 mg/amlodipine 10 mg com-
bination tablet in fasted subjects compared with proprietary reference formulations of the 
individual components [5]*. 

Mean Cmax  
[ng/mL (CV(%)]

Mean AUCτ  
[ng·h/mL (CV(%)]

Median Tmax 
(hours)

Single dose (Study A)a

Bisoprolol 10 mg 
(combination tablet)

43.4 (19.0) 719.0 (19.2) 2.5 

Bisoprolol 10 mg (reference) 42.8 (17.7) 703.6 (21.1) 2.0

Amlodipine 10 mg 
(combination tablet)

5.9 (25.9) 315.5 (29.6) 8.0

Amlodipine 10 mg (reference) 5.5 (28.3) 286.1 (34.9) 8.0

Multiple doses (5 days, Study C)a

Bisoprolol 10 mg 
(combination tablet)

58.5 (8.7) 838.7 (10.7) 2.50

Bisoprolol 10 mg (reference) 53.6 (9.7) 771.0 (11.7) 2.75

Amlodipine 10 mg 
(combination tablet)

28.6 (18.7) 534.4 (16.1) 8.0

Amlodipine 10 mg (reference) 26.2 (18.2) 506.7 (16.6) 7.0

AUCτ: mean area under the concentration-time curve over a 24-hour dosing interval; Cmax: mean 
maximal plasma drug concentration; CV: coefficient of variation; Tmax: time to maximal plasma 
drug concentration after ingestion.
aSee Table 2 for details of studies and proprietary reference products; studies B and D did not 
provide data for arithmetic means for these parameters and are thus omitted here.
*Also includes information from original clinical study reports (Merck Healthcare KGaA).



Pharmacokinetic Properties of a Combination of Bisoprolol and Amlodipine  •  65

in each case. This can be seen clearly in Figure 1, where the concentra-

tions of bisoprolol and amlodipine at time zero of the last day of the 

multiple-dose study were about 15 ng/mL and 18 ng/ML, respective-

ly. Values of Tmax were also similar for bisoprolol or amlodipine from 

the proprietary or combination tablets, and similar to published values 

(Table 1).

The formal demonstration of bioequivalence requires geometric 

mean ratios of pharmacokinetic parameters, and their 90% confidence 

intervals (90% CI), determined after administration of the test versus 

reference drug to lie between 80% and 125% [6]. Figure 2 shows the 

data on bioequivalence from the three studies in fasted volunteers. 

The geometric mean ratios and their 90% CI for both bisoprolol and 

amlodipine were well within the 80–125% criteria. This applied to sin-

gle-dose administration (Studies A, B and D), multiple-dose administra-

tion (Study C), and to administration of combination tablet strengths of 

5 mg/5 mg (Study D) and 10 mg/10 mg (Studies A, B and C). Therefore, 

Figure 1 Plasma concentrations of bisoprolol and amlodipine during a 24-hour dosing 
interval from a crossover study in healthy volunteers treated once daily for 5 days with 
amlodipine 10 mg or bisoprolol 10 mg monotherapy, or a single-tablet combination 
containing these treatments [5]*. 
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the bisoprolol-amlodipine combination tablet is fully bioequivalent with 

previously marketed formulations of these agents. 

Effects of food on the pharmacokinetics  
of the single-tablet combination of bisoprolol  
and amlodipine

Study D evaluated the effects of food on the pharmacokinetics of biso-

prolol and amlodipine delivered from the combination tablet or from 

a co-administered combination of proprietary reference products. 

Mean Cmax (Figure 3a) and mean AUC0–t (Figure 3b) were slightly lower 

in fed versus fasted subjects, but not to a clinically significant extent. 

Importantly, bioequivalence was maintained between the formulations 

irrespective of fed or fasted status (Figure 3c). Accordingly, the combina-

tion tablet can be taken with food.

Figure 2 Demonstration of bioequivalence between the bisoprolol and amlodipine 
components of a combination tablet and proprietary reference formulations of these 
agents [5]*. 
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Figure 3 Effects of food on the pharmacokinetics of the bisoprolol 5 mg/amlodipine  
5 mg combination tablet (Study D) [5]*. 
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Tmax for bisoprolol was 1.0 hour (95% CI, 1.0 to 3.0 for combina-

tion tablet and 0.5 to 2.0 for co-administration) for both formulations 

in the fasted state and was 3.0 hours (95% CI, 1.0 to 6.0 for combina-

tion tablet and 2.0 to 6.0 for co-administration) for both formulations 

in the fed state. Corresponding Tmax values for amlodipine were 6.0 

hours (95% CI, 4.0 to 8.0 for combination tablet and 4.0 to 12.0 for  

co-administration) and 6.0 hours (95% CI, 4.0 to 15.0 for combination 

tablet and 4.0 to 10.0 for co-administration) for both formulations. Tmax 

was minimally affected by food, apart from the possibility of a slight de-

lay to absorption of bisoprolol with food.

Physical properties of the  
bisoprolol-amlodipine combination tablet

Solubility

The dissolution of the combination tablets in aqueous medium was as-

sessed according to a priori quality control criteria set by the European 

and United States (US) regulators and the pharmaceutical sponsor of 

the treatment. On average, ≥85% of the bisoprolol content and ≥75% 

of the bisoprolol and amlodipine content, respectively, were required 

to be released within 30 minutes, with no individual findings of <70% 

(bisoprolol) or <65% (amlodipine) active ingredient release [7]. 

The average release ranged between 98.4–101.6% for bisoprolol and 

95.9–101.9% for amlodipine; corresponding minimum amounts were 

≥86.1% and ≥82.4%. The combination tablet therefore exceeded the 

minimum standards required for dissolution in an aqueous medium.

Breaking combination tablets for flexibility  
of dosage and administration

The bisoprolol-amlodipine combination tablet is scored to facilitate 

breaking the tablet in half, whether to provide a lower dosage or to re-

duce the size of the tablet for easier ingestion. It is important to establish 
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that tablets broken to halve the dose provide consistent dosages of the 

active ingredients, as it is possible that tablets may break unevenly. This 

was tested in an analytical study on samples from three batches each 

of the amlodipine/bisoprolol 5/5 mg and 5/10 mg tablet strengths [7]. 

Both the mass of each half of broken tablet, and the amount of active in-

gredient contained within each half, passed criteria set by the European 

[8] and the US Pharmacopeia [9].

These findings are important for the routine administration of this 

combination tablet. Some physicians have preferred to start bisoprolol 

at a dosage below the lower adult dose of 5 mg/day, especially for vul-

nerable populations [10]. The scored tablet containing bisoprolol 5 mg 

provides flexibility to do this. In addition, difficulty swallowing tablets is 

an important cause of poor adherence to therapy, and halved tablets are 

easier for patients to swallow [11]. 

Conclusions

The bisoprolol and amlodipine components of the single-tablet combina-

tion met formal criteria for bioequivalence with a co-administered com-

bination of leading proprietary formulations of these agents. Accordingly, 

a switch from a co-administered bisoprolol and amlodipine combination 

to the combination tablet can be made at equivalent doses, thereby sim-

plifying the regimen without expectation of a marked change in antihy-

pertensive effect. Alternatively, intensification of the regimen by using 

the combination tablet in place of either of the components would be 

expected to provide additional antihypertensive efficacy. The analyti-

cal data on the solubility of the tablet is consistent with the findings 

on bioequivalence. In addition, the analytical data on the effective dose 

delivered by halved tablets adds to the flexibility of dosing with the com-

bination tablet, where the physician wishes to administer bisoprolol at a 

dose of 2.5 mg. Overall, bisoprolol and amlodipine have complementary 

pharmacokinetic properties consistent with their inclusion in a combina-

tion tablet for the management of hypertension.



70  •  10 Years of Experience with a Fixed-Dose Combination of Bisoprolol and Amlodipine

References 
1 Leopold G. Balanced pharmacokinetics and metabolism of bisoprolol. J Cardiovasc 

Pharmacol. 1986;8 Suppl 11:S16–20. https://doi.org/10.1097/00005344-198511001-00003.
2 Tjandrawinata RR, Setiawati E, Yunaidi DA, Santoso ID, Setiawati A, Susanto LW. 

Bioequivalence study of two formulations of bisoprolol fumarate film-coated tablets in 
healthy subjects. Drug Des Devel Ther. 2012;6:311–6. https://doi.org/10.2147/dddt.S36567.

3 Meredith PA, Elliott HL. Clinical pharmacokinetics of amlodipine. Clin Pharmacokinet. 
1992;22:22–31. https://doi.org/10.2165/00003088-199222010-00003.

4 Payton CD, Fox JG, Pauleau NF, Boulton-Jones JM, Ioannides C, Johnston A, et al. The single 
dose pharmacokinetics of bisoprolol (10 mg) in renal insufficiency: the clinical significance  
of balanced clearance. Eur Heart J. 1987;8 Suppl M:15–22. https://doi.org/10.1093/
eurheartj/8.suppl_m.15.

5 Gottwald-Hostalek U, Gaikwad S. Pharmacokinetic properties of a fixed-dose combination  
of bisoprolol and amlodipine. EC Cardiology. 2018;5:523–32.

6 Davit B, Braddy AC, Conner DP, Yu LX. International guidelines for bioequivalence of 
systemically available orally administered generic drug products: a survey of similarities and 
differences. AAPS J. 2013;15:974–90. https://doi.org/10.1208/s12248-013-9499-x.

7 Krüger P, Gottwald-Hostalek U, Sun N. Divisibility of Bisoprolol and Amlodipine Fixed-dose 
Combination Tablets. EC Cardio. 2019;6:917–23.

8 Council of Europe, European Directorate for the Quality of Medicine. Subdivision of tablets 
in European Pharmacopeia 9.4. 2018. Strasbourg. Available from https://www.edqm.eu/en/. 
Accessed June 2022.

9 United States Pharmacopeial Convention Inc. Quality attributes of tablets having a 
functional score. 2018. United States Pharmacopeia 41–National Formulary 36. Available 
from: https://doi.usp.org/USPNF/USPNF_M7826_01_01.html Accessed June 2022.

10 Mion D, Jr., Ortega KC, Gomes MA, Kohlmann O, Jr., Oigman W, Nobre F. Amlodipine 
2.5 mg once daily in older hypertensives: a Brazilian multi-centre study. Blood Press Monit. 
2004;9:83–9. https://doi.org/10.1097/00126097-200404000-00005.

11 Fields J, Go JT, Schulze KS. Pill properties that cause dysphagia and treatment failure.  
Curr Ther Res Clin Exp. 2015;77:79–82. https://doi.org/10.1016/j.curtheres.2015.08.002.



71

Chapter 6

Clinical Efficacy of a Combination  
of Bisoprolol and Amlodipine
Zbigniew Gaciong
Department of Internal Medicine, Hypertension and Vascular Diseases,  
Medical University of Warsaw, Warsaw, Poland

Randomised and real-world evaluations of a bisoprolol/ 

amlodipine combination tablet have shown this treatment 

to be more effective than monotherapy and to support good 

adherence to therapy in patients with hypertension. A con-

sistent reduction in heart rate (HR) with this treatment is a 

further potential benefit likely to improve long-term clinical 

outcomes in this population.

Therapeutic efficacy of the bisoprolol/
amlodipine combination tablet in patients 
with hypertension

Overview of studies that have evaluated the efficacy  
of bisoprolol/amlodipine combination tablets  
in patients with hypertension 

A series of randomised and observational studies have evaluated single- 

tablet combinations of bisoprolol and amlodipine in patients with 



72  •  10 Years of Experience with a Fixed-Dose Combination of Bisoprolol and Amlodipine

hypertension with or without other comorbidities. These are summarised 

in Table 1 [1–12] and described below.

Table 1 Details of studies that evaluated the bisoprolol/amlodipine combination tablet in 
patients with hypertension. 

Design (1st author) N Duration Key details 

Randomised 
(Gottwald-Hostalek et al [1])

200 18 weeks Study of the efficacy, tolerability and 
safety of the combination tablet in 
patients with BP previously sub-
optimally controlled on bisoprolol 5 mg 
or amlodipine 5 mg monotherapy

Randomised 
(Jędrusik et al [2])

367 8 weeks Comparison of amlodipine 5 mg and 
bisoprolol/amlodipine 5/5 mg in 
patients uncontrolled on amlodipine 
5 mg

Randomised 
(Shirure et al [3])

60 1 month Comparison of bisoprolol/amlodipine 
5/5 mg with bisoprolol 5 mg and 
amlodipine 5 mg monotherapies  
in patients with WHO Stage 2 
hypertension

Randomised 
(Fendrikova et al [4]  
Tarlovskaya et al [5])

61 12 weeks Study of effects of the bisoprolol/
amlodipine combination tablet vs a 
free combination of bisoprolol and 
amlodipine (each added to enalapril) 
on BP and aortic pulse wave velocity 
in patients with sub-optimally 
controlled hypertension and coronary 
heart disease; a pharmacoeconomic 
evaluation was also conducted

Observational (modelled) 
(Foch et al [6])

260 8 weeks Anchored, simulated treatment 
comparison of effects on BP of 
the bisoprolol/amlodipine 5/5 mg 
combination with up titration of 
amlodipine monotherapy from 5 mg 
to 10 mg based on the results of two 
randomised trials

Observational 
(Gottwald-Hostalek, et al [7]) 

12,424 6 months Non-interventional cohort study of 
patients with hypertension switched 
from a co-administered combination 
of bisoprolol and amlodipine to 
the combination tablet ≥4 weeks in 
6 countries in eastern Europe

Observational 
(Mehta et al [8])

106 8 weeks Observational, non-comparative study 
of the effects on BP of a bisoprolol/
amlodipine 2.5/5 mg combination tablet 
in patients with moderate hypertension

Observational 
(Rana et al [9])

801 4 weeks Observational, non-comparative 
evaluation of the effects on BP of 
a bisoprolol/amlodipine 5/5 mg 
combination tablet in patients with 
Stage 2 hypertension
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Observational 
(Chesnikova et al [10])

100 4 weeks Study of the effects of the bisoprolol/
amlodipine combination tablet on 
BP and signs of cardiac ischaemia in 
patients with sub-optimally controlled 
hypertension and coronary heart 
disease

Observational (clin pharm) 
(Bogomaz et al [11])

15 8 weeks Study of peripheral (brachial) and 
central (aortic) haemodynamics in 
patients treated with bisoprolol/
amlodipine 5/5 mg combination tablet 
(5/10 mg or 10/10 mg)

Observational (clin pharm) 
(Zapesochnaya et al [12])

140 6 months Study of the effects of a bisoprolol/
amlodipine combination tablet on BP 
and on the structural and functional 
status of the myocardium in patients 
with hypertension

BP: blood pressure; Clin pharm: clinical pharmacy; WHO: World Health Organization. 

Effects on blood pressure

Randomised trials in patients with blood pressure (BP)  
uncontrolled on monotherapy with bisoprolol  
or amlodipine

A randomised clinical trial evaluated the single-tablet combination of 

bisoprolol/amlodipine in 200 patients with hypertension sub-optimally 

controlled by monotherapy with either amlodipine 5 mg or bisoprolol 

5 mg [1]. Initially patients were randomised into two groups (“A” and 

“B”) and all received bisoprolol/amlodipine 5/5 mg for 6 weeks. Patients 

with sub-optimally controlled BP (≥140/≥90 mmHg) at week 6 in group 

A were up-titrated to bisoprolol/amlodipine 5/10 mg, while sub-optimal-

ly controlled patients in group B were up-titrated to the 10/5 mg dosage 

strength. BP control was evaluated again at week 12, when patients with 

sub-optimal control of BP received the 10/10 mg combination tablet for 

another 6 weeks. Patients with well-controlled BP (<140/<90 mmHg) 

continued on their previous treatment at each stage.

The primary outcome of the trial was the mean change in systolic 

BP (SBP) from baseline (when patients were receiving antihypertensive 

monotherapy) to week 18. Mean changes in SBP were substantial, clin-

ically and statistically (p<0.001) significant, and essentially identical 
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in patients from both the prior bisoprolol and prior amlodipine groups 

(–26 mmHg and –25 mmHg, respectively; Figure 1a). Substantial reduc-

tions in diastolic BP (DBP) were also seen (–14 mmHg and –13 mmHg, 

respectively; Figure 1b). The majority of patients (74%) had achieved 

Figure 1 Effect of treatment with a bisoprolol/amlodipine combination tablet on blood 
pressure in patients with hypertension sub-optimally controlled by monotherapy with 
bisoprolol 5 mg or amlodipine 5 mg. 
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control of BP on the 5/5 mg combination tablet at study end. Up titra-

tion of therapy, where required, increased the proportion of patients with 

well-controlled BP to 88% by the end of the study. Control rates were 

similar for patients in each prior therapy group.

The AMCOR trial involved randomisation of 367 patients with BP 

sub-optimally controlled by amlodipine 5 mg to the same treatment with 

additional placebo or to treatment with a combination of bisoprolol and 

amlodipine 5/5 mg, for 8 weeks [2]. Mean SBP and DBP were reduced in 

both groups (Figure 2). There was a statistically and clinically significant 

treatment difference in favour of the combination of –5.5 ± 12.4 mmHg 

for SBP (p<0.0001) and of –3.8 ± 9.5 mmHg for DBP (p<0.0002).

Figure 2 Effects of bisoprolol/amlodipine 5/5 mg combination treatment vs. amlodipine  
5 mg and placebo on BP in patients uncontrolled on amlodipine 5 mg monotherapy:  
data from the AMCOR trial. 
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Other randomised evaluations of bisoprolol/amlodipine  
combination tablets

Sixty patients with Stage 2 hypertension (SBP ≥160 mmHg or DBP 

≥100 mmHga) were randomised to receive bisoprolol 5 mg, amlo dipine 

5 mg, or the bisoprolol/amlodipine 5/5 mg combination tablet for 

1 month [3]. After 2 weeks of treatment, patients with sub-optimal BP 

(target <140/<90 mmHg) on monotherapy were switched to the biso-

prolol/amlodipine 5/5 mg combination tablet; enalapril was added at 

2 weeks for patients uncontrolled on the combination tablet. The com-

bination tablet was significantly more effective than either monotherapy 

over the first 2 weeks of treatment (Figure 3). Thereafter, mean SBP and 

DBP became similar as antihypertensive therapy was intensified where 

required; 80% of the amlodipine monotherapy group and 90% of the bi-

soprolol monotherapy group required a switch to the combination tablet 

due to sub-optimal BP control, compared with only 5% of the combina-

tion tablet group requiring additional enalapril.

Another randomised trial conducted in Russia employed ambulatory 

BP recording to study the effects of the bisoprolol/amlodipine combina-

tion tablet versus a free combination of bisoprolol and amlodipine (each 

added to enalapril) in 61 patients with sub-optimally controlled hyper-

tension and pre-existing coronary heart disease [4]. Daytime and night-

time BP was reduced in both groups, becoming well controlled in 97% of 

the combination tablet group and in 87% of the free combination group. 

Aortic pulse wave velocity, aortic augmentation index and aortic DBP 

improved significantly only in the combination therapy group. A phar-

macoeconomic evaluation derived from these data (from the Russian 

healthcare system perspective) found lower costs per unit of reduction of 

SBP, DBP and HR for the combination tablet versus the free combination 

approach [5]. 

a. See Chapter 1 of this book for details of classifications of hypertension.
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Figure 3 Changes in blood pressure in a randomised comparison of the bisoprolol 
5 mg/amlodipine 5 mg combination tablet with bisoprolol 5 mg or amlodipine 5 mg 
monotherapy in patients with Stage 2 hypertension. 
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Model-derived analysis based  
on data from randomised clinical trials

No randomised clinical trial to date has compared the effects of up titra-

tion of amlodipine with a switch to bisoprolol/amlodipine combination 

therapy in patients sub-optimally controlled on monotherapy with am-

lodipine 5 mg. A modelling approach was used to simulate this treatment 

comparison, based on data from two randomised clinical trials in patients 

with hypertension sub-optimally controlled on amlodipine 5 mg mono-

therapy [6]:

Study 1: randomised comparison of bisoprolol/amlodipine 5/5 mg 

combination versus amlodipine 5 mg plus placebo [2]; 

Study 2: the amlodipine monotherapy arms of a randomised com-

parison of amlodipine 5 mg, amlodipine 10 mg, and two strengths of a 

telmisartan/amlodipine tablet [13]. 
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This was an anchored, simulated treatment comparison; the term 

“anchored” refers to the amlodipine 5 mg arm, which was present in both 

studies. Briefly, the analysis used individual patient data from Study 1 to 

construct a model that adjusted its study population to resemble that of 

Study 2, based on the baseline characteristics of each trial. This enabled 

the model to make predictions of average changes in BP that would be 

expected to occur had the two studies had the same patient populations. 

In this way, the model enabled a comparison of the predicted effect on 

BP of a switch from amlodipine 5 mg monotherapy to an amlodipine/ 

bisoprolol 5 mg/5 mg combination (evaluated in Study 1) with the ob-

served effect of up titrating amlodipine 5 mg to amlodipine 10 mg (eval-

uated in Study 2).

Baseline and follow-up measures of BP were available from 261 pa-

tients in the combination therapy arm and 255 patients in the amlo-

dipine 10 mg monotherapy arm, and these patients were included in the 

analysis population. The analysis was based on 8 weeks of treatment. 

The predicted reduction in BP with the bisoprolol/amlodipine 5/5 mg 

combination (modelled to the population of Study 2) was larger than 

the effect of amlodipine 5 mg monotherapy (mean treatment difference 

[standard deviation (SD)] –6.5 [1.8]/–5.5 [1.2] mmHg), as was the ob-

served effect of up titration of amlodipine from 5 mg to 10 mg in Study 2 

(mean treatment difference [SD] –4.9 [1.0]/–2.2 [0.7] mmHg). The esti-

mated mean difference for effects on BP between the combination tablet 

and amlodipine 10 mg was –1.6 [1.9]/–3.3 [1.3] mmHg. 

The combination tablet, therefore, induced larger reductions in 

BP than either amlodipine 5 mg or amlodipine 10 mg in this analysis, 

though the magnitude of the difference between treatments was clini-

cally meaningful only for DBP. It should be noted that 27% of patients 

in Study 2 reported peripheral oedema as a side-effect of amlodipine 

10 mg, compared with 4–9% of patients in study arms that included am-

lodipine 5 mg [2]. Only 1–2% of patients in Study 1 reported peripher-

al oedema with regimens that included amlodipine 5 mg. Thus, in this 

analysis, the bisoprolol/amlodipine 5/5 mg combination tablet was more 

effective than amlodipine 5 mg, and at least as effective as amlodipine 

10 mg, with less potential for oedema-related side-effects.
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Real-world study that involved switching from  
a free combination of bisoprolol and amlodipine  
to the bisoprolol/amlodipine combination tablet

This study enrolled a population of 12,242 patients with hypertension 

who had been switched from a free combination of bisoprolol and am-

lodipine to bisoprolol/amlodipine combination tablets at least 4 weeks 

previously [7]. Patients were followed up for 6 months. Substantial re-

ductions were observed for:

SBP – reduced from 147.6 ± 16 mmHg at baseline to 131.2 ± 

10 mmHg at 6 months (mean difference ± SD: –16.5 ± 15 mmHg);

DBP – reduced from 88.3 ± 10 mmHg at baseline to 78.9 ± 7 mmHg 

at 6 months (mean difference: –9.5 ± 11 mmHg);

Pulse pressure – reduced from 59.3 ± 13 mmHg at baseline to 

52.3 ± 10 mmHg at 6 months (mean difference: –7.1 ± 14 mmHg).

Effects on BP were studied after stratification of patients at baseline for 

normal body mass index (BMI; 19–25 kg/m2), overweight (>25–30 kg/m2)  

or obesity (>30 kg/m2). Mean BP values at 6 months differed slight-

ly across these BMI categories (130.3 ± 10/78.5 ± 7 mmHg, 131.1 ±  

10/78.9 mmHg, and 131.8 ± 10/79.3 ± 7 mmHg, respectively), and 

were consistent with achievement of good BP control for most patients.

These BP reductions were achieved despite patients receiving similar 

average doses of bisoprolol and amlodipine before the switch (5.5 mg 

and 6.1 mg, respectively) and after the switch (5.8 mg and 6.3 mg, re-

spectively); about 80% of patients received the same dose of the thera-

pies before and after the switch. The improvement in BP was likely asso-

ciated, at least in part, with good adherence to the combination therapy 

regimen. Adherence (measured as proportion of prescribed medication 

received in this study) was “good” or “excellent” in 99% of patients. 

This real-world population contained patients with a range of comor-

bidities, and a subsequent analysis from the same patient population fo-

cussed on the impact of cardiovascular comorbidities in more detail [14]. 

Patients were stratified for the presence of cardiovascular disease with-

out type 2 diabetes (N=2,561 [25% of the population]); type 2 diabe-

tes without cardiovascular disease (N=849 [8%]); both cardiovascular 
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disease and type 2 diabetes (N=1,444 [14%]); or none of these (N=5,576 

[53%]). Higher mean values of SBP were observed in patients with car-

diovascular disease (148.5 mmHg), diabetes (149.3 mmHg), or both 

(151.5 mmHg) at baseline, compared with 145.5 mmHg for patients 

without these comorbidities (DBP was similar between these groups). 

BP was >140/90 mmHg in 28% of patients with no comorbidities, com-

pared with 31% (cardiovascular disease), 33% (type 2 diabetes), and 

38% (both comorbidities), consistent with this observation. These differ-

ences were no longer evident at study end, as mean SBP ranged between 

130.0 mmHg and 132.2 mmHg across the four groups (Figure 4). 

Figure 4 Changes in blood pressure according to the presence or absence at baseline 
of predefined comorbidities in a large cohort of patients with hypertension previously 
treated with a free combination of bisoprolol and amlodipine who received 6 months’ 
treatment with bisoprolol/amlodipine combination tablets. 
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Other real-world analyses

Two real-world analyses evaluated the effects of bisoprolol/amlodipine 

2.5/5 mg [8] or 5/5 mg [9] combination tablets in patients with Stage 2 

hypertension in India, over 8 weeks (N=106) and 4 weeks (N=801) of 

treatment, respectively. Marked reductions in BP occurred in both studies 

(Figure 5), from 163/102 mmHg to 130/80 mmHg (8-week study) and 

from 172/104 mmHg to 134/83 mmHg (4-week study). The majority of 

patients in the 8-week study (89%) achieved BP <140/90 mmHg with 

the bisoprolol/amlodipine 2.5/5 mg tablet.

Three other real-world analyses (from Russia) are briefly summarised 

below:

• Mean BP was reduced from 163/93 mmHg to 128/77 mmHg 

during 4 weeks of treatment with bisoprolol/amlodipine com-

bination tablets in an observational study in 100 patients with 

uncontrolled hypertension and coronary heart disease [10]. SBP 

and DBP goals were achieved by 90% and 97%, respectively. 

Figure 5 Changes in mean blood pressure during treatment with bisoprolol/amlodipine 
5/5 mg combination tablets in patents with Stage 2 hypertension in India. 
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• The second study was conducted in 15 previously antihypertensive- 

drug naïve patients with BP not adequately controlled by a 

4-week trial of bisoprolol 5–10 mg monotherapy [11]. Mean 

peripheral (brachial) BP decreased from 157/98 mmHg at base-

line to 148/95 mmHg after 4 weeks of bisoprolol 10 mg, and to 

133/81 mmHg after a further 4 weeks of treatment with biso-

prolol/amlodipine. During treatment with bisoprolol monothera-

py, central BP decreased slightly (from 145 mmHg to 140 mmHg), 

with little change in pulse pressure (from 48.2 to 47.1 mmHg) and 

a slight increase in Augmentation Index (from 32.8% to 34.7%). 

Treatment with the bisoprolol/amlodipine 5/5 mg combination 

tablet markedly reduced central SBP (to 121 mmHg), pulse pres-

sure (to 41.2 mmHg) and Augmentation Index (to 22.5%). Thus, 

bisoprolol alone was less effective on central versus brachial BP, 

while addition of amlodipine overcame this limitation.

• A study in two groups of 72 and 68 patients with hypertension 

(stratified according to shift work patterns) used echocardi-

ography to explore changes in left ventricular structure during 

6 months of treatment with bisoprolol/amlodipine tablets [12]. A 

reduction in mean BP (93% and 88% of the two groups achieved 

goal BP) was accompanied by increases in the proportions of pa-

tients with normal left ventricular geometry (from 38% to 45% 

in one group and from 24% to 33% in the other) and a decrease 

in the proportions of patients with concentric left ventricular hy-

pertrophy (from 31% to 24% in one group and from 46% to 38% 

in the other).

Effects on HR

Table 2 shows the effects of bisoprolol/amlodipine 5/5 mg combination 

tablets on HR, where reported. Variable, but substantial, reductions in 

HR occurred in all randomised or real-world studies, with average reduc-

tions in HR ranging from about –6 bpm to about –19 bpm in populations 

receiving bisoprolol/amlodipine combination tablets.
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Table 2 Effects of bisoprolol/amlodipine combination tablets on heart rate in randomised 
and real-world studies. 

Ref
Heart rate (bpm) + SD at

∆ P-value
Baseline Study end

Randomised trials

[1] 71.7 ± 9.7 62.7 ± 9.5 –9.0 ± 9.5 <0.001

[2] 66.7 ± 9.78 74.2 ± 9.38 –6.3 ± 9.3 <0.0001

Real-world studies

[7] 75.8 ± 10 68.4 ± 7 –7.7 ± 10 NR

[8] 87.3 ± 11.0 68.4 ± 8.1 –18.9a NR

[9] 83.3 ± 9.6 74.6 ± 6.8 –8.7a NR

[10] 80.1 ± 9.6 63.0 ± 5.4 –17.1a NR

[11] 74.3 ± 5.8 62.4 ± 4.2 –11.9a <0.05

bpm: beats per minute; NR: not reported; Ref: reference.
∆: mean difference in heart rate between baseline and study end (aor difference in mean values 
where this was not reported). 

Other clinical evidence 

Studies with combinations of β-blockers  
and calcium channel blockers (CCBs) 

Studies with other β1-selective β-blockers in combination with amlo-

dipine will be described briefly here, in the absence of randomised trials 

that specifically evaluated co-administered (free) combinations of biso-

prolol and amlodipine. Trials for inclusion here were identified using a 

PubMed search for “(atenolol OR metoprolol OR acebutolol OR nebivo

lol OR bisoprolol OR Xamoterol OR Acebutolol OR Celiprolol) AND amlo

dipine”, limited to “Randomised controlled trial”. Relevant articles were 

identified by inspection of abstracts of the resulting 187 search hits.

Low-dose atenolol 25 mg/amlodipine 2.5 mg combination therapy 

was superior for effects on BP compared with atenolol 25 mg or amlo-

dipine 2.5 mg alone in patients with hypertension [15]. A similar benefit 

for the combination was seen in patients who needed higher doses of 

combination therapy (atenolol 50 mg/amlodipine 5 mg) versus these 

doses of monotherapy in this study. Addition of amlodipine to ateno-

lol reduced 24-hour BP significantly in patients with BP uncontrolled 
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by atenolol alone [16]. The highest dose of a single-tablet combination 

of metoprolol and amlodipine induced a numerically larger fall in BP 

than a lower-dose combination of these agents or the constituent mon-

otherapies, although the difference did not achieve statistical signifi-

cance [17]. The efficacy of a metoprolol extended release/amlodipine 

combination was similar to that of a losartan/amlodipine combination 

in another study [18]. A thiazide diuretic induced a larger reduction in 

BP than atenolol in patients with hypertension already receiving amlo-

dipine and lisinopril [19]. 

A combination of atenolol and amlodipine reduced BP and arterial 

stiffness (measured using pulse wave velocity [PWV]) to a similar ex-

tent compared with a valsartan/amlodipine combination in patients with 

hypertension [20]. Reductions in BP and HR accounted largely for the 

reduced PWV in the β-blocker-amlodipine group. Another study showed 

that a valsartan/amlodipine combination induced comparable reductions 

in brachial BP versus an atenolol/amlodipine combination, although the 

valsartan/amlodipine combination reduced central BP more effectively 

[21]. Addition of valsartan, but not amlodipine, to atenolol suppressed 

indices of intracardiac conduction, consistent with the mechanisms of 

these drugs (see Chapter 4) [22]. 

Both cardioselective β-blockers and amlodipine are indicated for 

the management of angina pectoris, and studies evaluating combina-

tions of these mechanisms in these patients are included briefly here 

for completeness. Results of trials that evaluated β1-blockers in com-

bination with amlodipine in patients with angina have been conflict-

ing. Bisoprolol plus amlodipine was not more effective than bisoprolol 

alone in two studies that used treadmill exercise tolerance as its main 

outcome [23, 24], but reduced the occurrence of chest pain on exer-

cise in two other studies [25, 26], and during exercise testing and in 

the ambulatory setting in a fifth [27]. Elsewhere, addition of atenolol 

to amlodipine was more effective in suppressing ischaemic episodes in 

ambulatory patients, compared with amlodipine alone [28]. Amlodipine 

was more effective than diltiazem added to atenolol in suppressing is-

chaemic symptoms in patients sub-optimally controlled by atenolol 

alone, and was better tolerated [29]. Finally, addition of amlodipine to 
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atenolol was haemodynamically safe 15 days after an acute myocardi-

al infarction for normotensive patients without severe left ventricular  

dysfunction [30]. 

Comparisons of bisoprolol or amlodipine  
with other monotherapies

Large meta-analyses have confirmed that the BP-lowering efficacy of 

β-blockers and CCBs are comparable to that provided by other antihy-

pertensive classes [31, 32]. A number of randomised, head-to-head tri-

als have demonstrated that bisoprolol and amlodipine each have similar 

antihypertensive efficacy to other antihypertensive agents within their 

class, and to agents from the four other classes (Table 3).

Conclusions

Numerous randomised clinical trials have shown that bisoprolol and am-

lodipine monotherapies are as effective as members of other antihyper-

tensive classes (Table 3). The effects on BP of combining two antihyper-

tensive agents is essentially additive [32]. The results of the randomised 

and real-world studies that evaluated single-tablet combinations of 

these agents, summarised in this chapter, have confirmed the greater 

efficacy of this treatment for controlling BP compared with monother-

apies. The consistent reductions in HR observed with the bisoprolol/ 

amlodipine tablet is another potential source of clinical benefit, as higher 

versus lower HR has been identified as a predictor of adverse cardiac 

outcomes, especially (but not only) in people with coronary heart disease 

or heart failure [33–35]. 

The principle of applying combination antihypertensive therapy in 

the management of hypertension is well established in current European 

guidelines (see also Chapter 2 of this book) [36, 37]. Moreover, these 

guidelines recognise the valuable role of single-tablet combinations in 

simplifying the antihypertensive regimen and supporting good adher-

ence to therapy [38, 39], which in turn helps to optimise long-term 

patient outcomes [40]. The large, real-world studies summarised here 
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Table 3 Overview of head-to-head randomised trials of bisoprolol and amlodipine vs 
antihypertensive agents from other classes. 

Effects of bisoprolol on BP vs 
other antihypertensive agents

Effects of amlodipine on BP vs 
other antihypertensive agents

β-blockers

Acebutolol Comparable [41] Comparable [42] 

Atenolol Comparable [43–47]  
or larger effect [48–51] 
Lower effect on central BP [43] 

Comparable [52–56] 

Celiprolol Less effective on central BP [57] –

Metoprolol Comparable [58]
More effective during exercise [59]

Comparable (obstructive sleep 
apnoea) [60] 

Nebivolol Comparable [61] Comparable [62] 

Renin-angiotensin-aldosterone system blockers

Captopril Comparable [63] Comparable [64] or more effective [65] 

Enalapril Comparable (office- [66, 67]  
and 24-hour [66] BP)

Comparable [42, 68–72] 

Larger effect on trough BP [73]

Zofenopril – Comparable [74] 

Lisinopril Comparable (ambulatory [75]  
or office [76] BP) 

Comparable [77–82] or larger effect 
[83] 

Benazepril – Comparable [84] or larger [85] effect 

Quinapril – Comparable [86, 87] 

Ramipril – Larger effect (ambulatory) [88, 89]

Irbesartan – Comparable [90] 

Losartan Comparable (office BP) [91, 92] 
Less effective on central BP [91] 

Larger [93] or comparable [71, 82,  
94–100] incl. post-renal transplant 
[101] and in NASH [102] 

Valsartan – Comparable [103–105] or larger [106] 

Telmisartan – Comparable (ambulatory) [89] 

Candesartan – Comparable [107–109] 

Calcium channel blockers

Amlodipine Comparable (haemodialysis) [110] –

Manidipine – Comparable [111] 

SR nifedipine Comparable [67, 112, 113] –

Diuretics

Thiazides Comparable [114] Comparable [42, 68, 71, 77, 78,  
115–117] 

Spironolactone Larger effect of spironolactone 
(drug-resistant hypertension) [118] 

–

BP: blood pressure; incl.: including; NASH: non-alcoholic steatohepatitis; SR: sustained release.
Randomised head-to-head trials designed to measure efficacy of monotherapies in people with 
hypertension were included from a PubMed search for “amlodipine AND ([list of drugs of interest]) 
AND hypertension”. 
Comparisons are from the perspective of bisoprolol or amlodipine: for example, a “larger effect” 
means a larger effect of those drugs vs. the stated comparator.
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confirmed that adherence rates to regimens based on the bisoprolol/ 

amlodipine tablet were high.

In conclusion, these studies have shown that the bisoprolol/amlo dipine 

tablet is an effective option for the management of hypertension that sup-

ports good adherence to therapy. This tablet has a place in the manage-

ment of hypertension, particularly for people with a compelling indication 

for β-blockade (such as coronary heart disease, post-myocardial infarction 

or atrial fibrillation), or in younger women planning a family [37]. 
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Sub-optimal adherence to antihypertensive therapy is com-

mon and is associated with both diminished control of blood 

pressure (BP) and increased risk of death and adverse car-

diovascular outcomes. Complex regimens significantly con-

tribute to sub-optimal adherence to therapy. Single-tablet 

combinations of antihypertensive agents, including a biso-

prolol/amlodipine combination tablet, have been shown to 

support good adherence to antihypertensive therapy.

The problem of low adherence  
to antihypertensive treatment 

Measuring adherence to treatment

There is no consensus on methodology for measuring adherence to a 

therapeutic regimen. In practice, most studies have used one of two 
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closely related measures, the Proportion of Days Covered (PDC) or the 

Medical Possession Ratio (MPR). Arbitrary cut-offs, e.g. PDC <0.8, may 

be used to define low adherence using these measures. Alternatively, tab-

let counting involves calculation of the number of tablets taken by exam-

ination of the tablets not taken, often at a clinic visit. Table 1 provides 

definitions for these measures [1–3]. 

Scale of the problem of non-adherence

Prevalence

Successful pharmacological control of BP in a patient with hyperten-

sion requires two conditions to be met: the prescription of appropriate  

BP-lowering medications, and the patient taking those medicines as di-

rected [3]. The prevalence of non-adherence to antihypertensive medica-

tion is difficult to quantify and is likely to vary between regions and cul-

tures [4], nevertheless, non-adherence to antihypertensive medication 

is common. An expert review in this field considers that reported lev-

els of adherence to antihypertensive medication are commonly <50%, 

which is intriguingly similar to the proportion of patients with hyper-

tension and well controlled BP in most countries (see also Chapter 3 

of this book) [3]. Forty-eight percent of people among a population of 

2,532,582 hypertensive patients from 19 developing countries in Asia 

were described as non-adherent to antihypertensive medication in one 

systematic review [5]. 

Table 1 Overview of common methods for measuring adherence to pharmacological 
treatment. 

Method Description 

Proportion of Days Covered (PDC) Proportion of days within a fixed observation period 
where the patient has medication to follow the 
regimen (expressed as a percentage).

Medical Possession Ratio (MPR) Days of medication supply from the first to the last 
prescription fill in the study period divided by the 
number of days in the study period.

Tablet counting Proportion of tablets prescribed that were taken,  
based on a count of tablets not taken, over the defined 
study period. 

Compiled from information presented in references [1–3]. 



Adherence by Patients with Hypertension to Treatment with a Single-tablet Combination 
of Bisoprolol and Amlodipine  •  97

Measurement of drugs and their metabolites in urine and serum 

has been used in a number of studies to quantify the level of non- 

adherence among patients with hypertension in an objective manner. 

One such study demonstrated substantial proportions of non-adherent 

patients in the United Kingdom (UK) (41.6%) and Czechia (31.5%) 

[6]. Another study using this technique found that 25% of patients with 

hyper tension in the UK were partially or totally non-adherent to their 

antihypertensive medication, with non-adherence higher in patients with 

inadequate BP control [7]. Interestingly, this study also compared BP lev-

els according to the number of antihypertensive medications prescribed, 

compared with the number of drugs detected in the patients’ plasma; av-

erage BP increased by 3/3 mmHg for every drug that was prescribed but 

not taken. A further study found that up to about one-quarter of patients 

considered to have drug-resistant hypertension may, in fact, be partial-

ly or completely non-adherent to their antihypertensive medication [8]. 

The pattern of non-adherence among such patients is complex: a study 

in the UK of patients with a diagnosis of treatment-resistant hypertension 

found a non-adherence rate of 40% overall, but within that population 

26% were non-adherent to one or more, but not all, antihypertensive 

medications, while 14% did not take any of their antihypertensive medi-

cations [9]. Women were 3-fold more likely to be non-adherent than men 

in this study (Figure 1) [9]. 

Figure 1 Influence of number of antihypertensive drugs in the regimen  
on non-adherence to antihypertensive therapy. 

Female vs. male gender

No. of antihypertensive drugs prescribed

No. of othera drugs prescribed

Age (years)

0 1 2 3 4 5 6 7 8

p=0.004

p<0.001

p=0.06

p=0.16

Odds ratio (95%CI) for non-adherence to 
antihypertensive treatment

CI: confidence interval; No.: number.
aMedications for conditions other than hypertension.
Drawn from data presented in reference [9].
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Estimates of non-adherence may also vary with the methodology 

used to measure it. For example, a study of older adults in the United 

States of America found that 24% demonstrated low adherence to anti-

hypertensive therapy defined as PDC <0.8, but a much higher proportion 

(39%) were low-adherent when a validated instrument for measuring 

adherence was used (the Krousel-Wood Medication Adherence Scale) 

[10]. A systematic review of studies in patients with hypertension (avail-

able at the time of writing as a preprint) found that indirect measures of 

non-adherence (e.g. based on prescription refills) yielded a prevalence 

estimate of non-adherence of 25%, while direct methods (e.g. measure-

ment of drugs in plasma) gave a figure for non-adherence of 44% [11]. 

These findings raise the possibility that standard measures for measuring 

adherence, such as the PDC, may underestimate the problem of low ad-

herence to antihypertensive therapy. 

Implications for long-term outcomes

Non-adherence to antihypertensive medication has serious clinical con-

sequences and Table 2 summarises the findings of several studies in 

this area [12–19]. Lower versus higher adherence was associated with 

a range of adverse clinical outcomes including death from any cause, 

death from ischaemic heart disease, incident cardiovascular disease or 

hospitalisation for cardiovascular diseases or stroke, and cognitive im-

pairment. Importantly, these associations were seen in some studies in 

patients with newly-diagnosed hypertension, and in younger patients 

with hypertension. 

Among these studies, a large meta-analysis of 16 cohort studies that 

included a total of 2,769,700 patients with hypertension found that the 

risk of adverse cardiovascular outcomes decreased as adherence to an-

tihypertensive medications increased; every 20% increase in adherence 

was associated with a 13% reduction in the risk of cardiovascular events 

[12]. Another large study (Table 2) demonstrated a strong relationship 

between the level of adherence and the risk of adverse cardiovascular 

outcomes in patients with newly-diagnosed hypertension [18]. Figure 2 

summarises important findings from this study; a significantly lower risk 

of adverse cardiovascular outcomes was seen with better adherence to 
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Table 2 Overview of studies that associated sub-optimal adherence to antihypertensive 
medications with clinical outcomes. 

Ref Design N Key findings

[12] Meta-analysis 2.8 million RR for CV events was 0.66 for the highest vs. lowest 
adherence categories; each 20% increase in adherence 
was associated with a 13% reduction in the risk of  
a CV event.

[13] Retrospective 
cohort

124,899 Cost-related non-adherence to treatment among 
people with hypertension was associated with 
higher all-cause mortality (HR 1.22 [1.2 to 1.3]) and 
hypertension-related mortality (HR 1.08 [0.9 to 1.3])

[14] Retrospective 
cohort

40,408 Non-adherence associated with increased risk of all-
cause death (HR 1.48 [1.30 to 1.68]), hosp. for CVD  
(HR 1.25 [1.12 to 1.39]) and hosp. for stroke (HR 1.51 
[1.29 to 1.77]); no significant association with hosp.  
for IHD.

[15] Retrospective 
cohort

123,390 HR for incident CVD was 1.57 (1.45 to 1.71) for non-
adherent vs. adherent in young adults (<44 y); risk of 
CVD events increased with quartiles of non-adherence.

[16] Retrospective 
cohort

33,728 Non-adherent had increased risk of death from IHD  
(HR 1.64 [1.16 to 2.31]), cerebral haemorrhage (HR 2.19 
[1.28 to 3.77]), and cerebral infarction (HR 1.92 [1.25 to 
2.96]) in patients with newly-diagnosed hypertension; 
risks of hosp. for these events were similar.

[17] Prospective 
cohort

242,594 25% (20% to 29%) reduction in risk of CV events for high 
vs. low adherence.

[18] Retrospective 
cohort

20,836 Lower risk for higher vs. lower adherence in 1st year of 
death from any cause (0.74 [0.65 to 0.83]) or stroke  
(HR 0.70 [0.56 to 0.89]) in newly-diagnosed hyper-
tension ; also significant benefits for incidence of HF, 
hypertensive disease and IHD.

[19] Retrospective, 
cross-sectional

9,036 Higher risk of cognitive impairment for lower adherence 
(HR 1.32 [1.14 to 1.54]) in older (>65 y) hypertensive 
patients.

CI: confidence interval; CV: cardiovascular;  
CVD: cardiovascular disease; HF: heart failure; hosp.: hospitalisation; HR: hazard ratio;  
IHD: ischaemic heart disease; Ref: reference; RR: relative risk; y: year.
Comparisons are for higher vs. lower measures of adherence, see source publications  
for further details. Numbers in parentheses are 95% CI. 

antihypertensive therapy for all-cause and cardiovascular mortality, and 

for incident cerebrovascular disease, hypertensive disease (complications 

of hypertension) and heart failure (however, no significant association 

was seen for ischaemic heart disease) [18].



100  •  10 Years of Experience with a Fixed-Dose Combination of Bisoprolol and Amlodipine

Causes of poor adherence to antihypertensive  
medication

Many factors contribute to the problem of low adherence to antihyper-

tensive therapy [4]. Forgetting to take medication, followed by stress/

anxiety/depression, lack of knowledge and side-effects were the most 

common reasons given by patients for poor adherence to antihyperten-

sive therapy in one systematic review [20]. Diuretic treatment was a 

risk factor for non-adherence in one study conducted in two countries in 

Europe [7]. The use of traditional remedies and poverty have also been 

associated strongly with low adherence in developing countries [6, 21]. 

Patients’ personal beliefs about hypertension and its consequences im-

pact adherence to treatment, and these vary widely between individuals 

and regions [22]. For example, even where a patient professes to believe 

strongly in the efficacy of an antihypertensive medicine, they may use it 

only intermittently due to incorrect beliefs about hypertension being an 

intermittent disorder (or only important at times of stress), or through 

Figure 2 Associations between adherence to antihypertensive therapy and 10-year clinical 
outcomes in patients with newly-diagnosed hypertension. 
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Adherence by Patients with Hypertension to Treatment with a Single-tablet Combination 
of Bisoprolol and Amlodipine  •  101

misplaced fears of addiction or dependence on antihypertensive therapy 

[23, 24]. Higher levels of self-efficacy in managing hypertension have 

been associated with higher rates of medication adherence [12]. Health 

education holds the key to improving health literacy and understanding 

of the nature of hypertension; however, a systematic review found that 

patient education was successful in increasing health literacy and ad-

herence to treatment for people with diabetes, but not for people with 

hypertension [25]. Pharmacist-led interventions [26, 27] within com-

munities, and programmes administered by community health workers 

[28], have been shown to be a valuable resource for improving rates of 

health knowledge, adherence and BP control locally. A substantial body 

of clinical evidence now supports “mhealth” or “telehealth” approach-

es based on the use of communications technology (especially mobile 

phone technology) to provide education and reminders for patients to 

maintain good self-care of hypertension [29, 30].

A background of complex drug regimens and polypharmacy adds 

to the difficulty of following a therapeutic regimen well, especially for 

older patients with multiple comorbidities that require pharmacological 

intervention. There is no doubt that complex regimens contribute sig-

nificantly to the problem of non-adherence in hypertension and other 

medical conditions [3–11], with higher levels of non-adherence among 

patients with hard-to-treat hypertension likely to require complex an-

tihypertensive regimens [8, 9]. For example, one study summarised 

above found that each additional antihypertensive agent present within 

a therapeutic regimen increased non-adherence to therapy by 85% for 

patients in the UK and by 77% in Czechia [7]. More data from the UK 

showed that each additional antihypertensive medication prescribed for 

the management of treatment-resistant hypertension increased the risk 

of non-adherence by 2.9-fold, and was second only to female gender as a 

predictor of non-adherence (Figure 1) [9]. A study from Egypt presented 

a remarkable finding that 99% of people with hypertension adhered well 

to a once-daily treatment, compared with only 0.8% of people receiving 

a twice-daily treatment [31]. 

The following section summarises clinical evidence of the benefits of 

single-tablet antihypertensive combinations in simplifying the regimen, 
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improving adherence to treatment, and improving the quality of BP con-

trol in patients with hypertension.

Single-tablet antihypertensive combination 
therapy as a strategy for improving adherence  
in hypertension

Experience with bisoprolol/amlodipine  
combination tablets

Adherence to therapy was the primary study outcome for a 6-month 

observational, non-interventional study on the effects of bisoprolol/ 

amlodipine combination tablets in patients with hypertension. Tablet 

counting was used to measure adherence to therapy in each study  

[32–34]. For the study, patients with hypertension were switched from a 

previous, co-administered free combination of bisoprolol and amlodipine 

to the combination tablet at least 4 weeks before the start of the study. 

Adherence was rated as “Excellent” (90% of prescribed tablets taken) 

or “Good” (76–90% of prescribed tablets taken) in 97–99% of patients 

during the study (Figure 3). There was no difference in rates of adher-

ence to the combination tablet according to gender [33]. A further anal-

ysis from this study explored the effects of important comorbidities on 

adherence [35]. Adherence was “Excellent” or “Good” in 99% of patients 

whether or not they had diabetes, cardiovascular disease, both, or nei-

ther in addition to their hypertension.

Other clinical evidence

A recent (2021) systematic review and meta-analysis of clinical studies 

evaluated the impact of single-tablet combination therapy on adherence 

to antihypertensive therapy [1]. Adherence to therapy was higher for 

single-tablet versus free combinations in 18/23 studies. Systolic BP im-

proved statistically significantly after the switch from a free combina-

tion to a single-tablet antihypertensive combination in 6/9 studies that 
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mea sured this, with the remaining three studies demonstrating numeri-

cal reductions in BP that were not subjected to statistical analysis. Three 

of six studies that used ambulatory BP recording demonstrated compara-

ble results. Similarly, 7/8 studies demonstrated a significant or numerical 

decrease in diastolic BP following a switch from a free to a single-tablet 

antihypertensive combination. Pooled data showed that the antihyper-

tensive benefit of the single-tablet versus the free combination became 

larger as the duration of the studies increased. Patients were more likely 

to achieve BP targets on single-tablet versus free antihypertensive combi-

nations in 5/9 studies in this analysis, consistent with the other findings 

summarised above.

The analysis described above confirmed and extended the results of 

earlier systematic reviews/meta-analyses. Medication adherence was 

14.9% higher for single-tablet versus free combinations of antihyper-

tensive agents, and patients were 1.8-fold more likely to persist with 

therapy with the single-tablet combination in one meta-analysis [36]. A 

meta-analysis of 12 studies found a similar (13%) improvement in ad-

herence with single-tablet versus free combinations [37]. 

The analyses summarised above focussed on the use of single-tablet 

combinations to improve adherence to therapy, which in turn has the 

Figure 3 Adherence to bisoprolol/amlodipine combination tablets in a 6-month 
observational study.

18 

 

Patient group 1 (all patients)
(N=11,429) [32]   

Patient group 2 (Polish patients)
 (N=8,830) [33] 

Patient group 3 (first third of patients)
 (N=3,410) [34]   
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(15%)

Other (1%)
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Other (2%)
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This was a non-interventional cohort study in patients with hypertension switched from a 
co-administered combination of bisoprolol and amlodipine to the combination tablet ≥4 weeks 
previously. 
Categories for adherence were “Excellent” = 90%; “Good” = 76–90%; “Moderate” = 51–75%; “Bad” 
= ≤50%. “Moderate” and “Bad” categories are pooled here for clarity. 
Drawn from data presented in references [32–34].



104  •  10 Years of Experience with a Fixed-Dose Combination of Bisoprolol and Amlodipine

potential to improve BP control. Any intervention that improves ad-

herence is likely to have this benefit. For example, a systematic review 

demonstrated a modest, but significant improvement in mean BP follow-

ing interventions designed to improve adherence to therapy of –2.7 (95% 

confidence interval [CI] −4.17 to −1.26) and −1.25 (95% CI −1.72 

to −0.79) mmHg, although there was considerable variation between 

studies [38]. Lower adherence to an antihypertensive regimen was also 

associated with lower health-related quality of life among older people 

with hypertension [5]. Two meta-analyses described above found only 

non-significant trends towards improved BP control associated with the 

better adherence, however [37, 39]. 

Conclusions 

Sub-optimal adherence to antihypertensive therapy is common, and is 

associated with both diminished control of BP and increased risk of death 

and adverse cardiovascular outcomes associated with high BP. There are 

many contributors to poor adherence to therapy. Complex regimens are 

an important factor, and the use of single-tablet combinations, including 

a tablet containing bisoprolol and amlodipine, has been shown to sup-

port good adherence to therapy. Indeed, adherence to the bisoprolol/

amlodipine combination tablet was 97–99% during a 6-month observa-

tional study [32–34]. 
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Bisoprolol and amlodipine have been available for therapeu-

tic use in the management of hypertension for more than 

three decades and their safety and tolerability profiles are 

well understood. Clinical evaluations of treatment with bi-

soprolol/amlodipine combinations, including within ran-

domised trials and using real-world evidence, have revealed 

tolerability profiles consistent with clinical experience from 

this long period of therapeutic use with both agents, and add 

further support for a role for this treatment in the manage-

ment of hypertension.

Introduction

Bisoprolol and amlodipine have been available for therapeutic use for 

the management of hypertension for more than 30 years. The safety 

and tolerability profiles of these drugs, and the patients in whom they 



110  •  10 Years of Experience with a Fixed-Dose Combination of Bisoprolol and Amlodipine

should and should not be used, are well understood (see Chapter 2 of 

this book for a summary of the place of bisoprolol and amlodipine in 

current guidelines for the management of hypertension). This chapter 

reviews the safety and tolerability of these agents, with respect to both 

clinical evaluations of bisoprolol/amlodipine combination tablets in pa-

tients with hypertension, and their individual therapeutic properties as 

described in the clinical literature.

General tolerability and safety profiles  
of bisoprolol and amlodipine

Most common side effects

The all-cause side effects for bisoprolol and amlodipine, listed in the 

European Summary of Product Characteristics (SmPC) for the bisopro-

lol/amlodipine combination tablet are shown in Table 1. Most of the side 

effects listed in Table 1 are “uncommon” (occurring in <1% of patients; 

less frequent side-effects were omitted from the table for conciseness 

and clarity). Among “common” side-effects of bisoprolol (occurring in 

at least 1% but <10% of patients), dizziness, headache, and fatigue are 

described as occurring mainly early in treatment. A similar statement is 

made for dizziness and fatigue for amlodipine. Other “common” side- 

effects are gastrointestinal symptoms (both agents), cold/numb extremi-

ties (bisoprolol), fatigue/asthenia, symptoms associated with vasodilata-

tion (palpitation, manifestations of peripheral oedema, flushing), dysp-

noea, muscle symptoms, and visual disturbances (amlodipine). Oedema 

is the only “very common” adverse event (occurring in at least 10% of 

patients treated with a combination of bisoprolol and amlodipine).

It has been suggested that a nocebo effect may apply to some side 

effects of β-blockers, where patients prescribed one of these drugs are 

willing to ascribe the presence of some pre-existing symptoms to the new 

treatment after being briefed by the prescribing physician on the possi-

bility of it occurring [1, 2]. A systematic review found that, of 100 pa-

tients reporting stated side effects, a majority of cases were unlikely to be 
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Table 1 Summary of all-cause ‘Uncommon’, ‘Common’, and ‘Very common’ side effects  
of bisoprolol/amlodipine combination tablets from European prescribing documentation.

Body system Related to bisoprolol Related to amlodipine

Psychiatric Depression, sleep disorders Mood changes (incl. anxiety), 
depression, insomnia

Nervous system Dizzinessa, headachea Tremor, dysgeusia, syncope, 
hypoesthesia, paraesthesia, 
somnolence, dizziness, 
headachea 

Eye – Visual disturbances, incl. 
diplopia

Ear and labyrinth – Tinnitus

Cardiac Atrioventricular conduction 
disorders, deterioration  
of existing heart failure, 
bradycardia

Arrhythmiab, palpitation

Vascular Hypotension, cold/numb 
extremities

Hypotension, flushing

Respiratory, thoracic  
and mediastinal

Bronchospasm in patients with 
history of bronchial asthma 
or COPD

Cough, rhinitis, dyspnoea

Gastrointestinal GI disturbances, e.g. nausea, 
vomiting, diarrhoea, 
constipation

Vomiting, dry mouth, GI 
disturbances, e.g. abdominal 
pain, nausea, dyspepsia, 
altered bowel habits

Skin and 
subcutaneous tissues

– Alopecia, purpura, skin 
discoloration, hyperhydrosis, 
pruritis, rash, exanthema, 
urticaria

Musculoskeletal and 
connective tissue

Muscle weakness, cramps Arthralgia, myalgia, back pain, 
ankle swelling, muscle cramps

Renal and urinary – Micturition disorder, nocturia, 
increased urinary frequency

Reproductive system 
and breast

– Impotence, gynaecomastia

General/
administration site 
conditions

Astheniaa, fatiguea Chest pain, pain, malaise, 
fatigue, asthenia, oedema

GI: gastrointestinal; incl.: including.
aEspecially at the beginning of treatment.
bIncluding bradycardia, ventricular tachycardia, atrial fibrillation.
Uncommon = prevalence in ≥0.1% and <1% of patients; Common = prevalence in ≥1% and 
<10% of patients; Very common = prevalence in ≥10% of patients.
Less common side effects: Rare = ≥0.01% and <0.1% of patients; Very rare = ≥0.001% and 
<0.01% of patients. These side effects are not shown here for conciseness – see the full Summary 
of Product Characteristics for more details.
Data source: Summary of Product Characteristics for Concor AMLO tablets (Merck Healthcare 
KGaA, Darmstadt, Germany).
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associated with β-blockade, e.g. for dizziness, 81% of cases (95% confi-

dence interval [CI], 73 to 89%) were likely to have developed it on place-

bo, for diarrhoea 82% (95% CI, 70 to 95%), and for hyperglycaemia 83%  

(95% CI, 68 to 98%) [3]. Six commonly cited side effects of β-blockers 

were less common with β-blockers compared to placebo. Bradycardia 

(33% of cases [95% CI, 21 to 44%]) and intermittent claudication (41% 

[95% CI, 2 to 81%]) were more clearly associated with β-blockade, 

though it should be noted that this analysis was not limited to cardio-

selective β1-adrenoceptor blockers. Some of the more common side  

effects of these agents are considered in more detail below:

Peripheral oedema is a well-known side-effect of calcium channel 

blockers, including dihydropyridines such as amlodipine [4]. Oedema 

is the only side effect of bisoprolol/amlodipine combination tablets that 

is listed as “very common” in Table 1. A meta-analysis of 22 trials, in-

cluding 7,226 patients, showed that the risk of peripheral oedema with 

amlodipine was 2.9-fold higher versus placebo (p<0.0001); however,  

further analysis suggested that 37% of these events were unrelated 

to amlodipine treatment [5]. The incidence of oedema on amlodipine 

was dose related, with a 2.0-fold increase versus placebo at a dose of  

2.5–5 mg, compared with a 3.1-fold increase at a dose of 10 mg (p<0.0001 

for each). Bisoprolol is not associated with peripheral oedema.

Headache is a common symptom of bisoprolol and amlodipine that 

is described as occurring more frequently at the beginning of treatment 

and tends to disappear on continued treatment (Table 1). Headache of 

varying aetiology is a common symptom of hypertension and may be 

driven in part by activation of the renin-angiotensin-aldosterone sys-

tem [6, 7]. A systematic review in this area described a reduction in the 

frequency of headache with several antihypertensive drug classes, with 

β-blockers being most effective in this regard [8]. Indeed, β-blockers, 

including bisoprolol, may reduce the frequency of headache of differ-

ent aetiologies [9–11]. Channel blockers were ineffective on headache 

frequency in the meta-analysis described above [5]. However, another 

recent meta-analysis stratified patients by the dose of amlodipine [2]. 

The incidence of headache was not increased for amlodipine 10 mg 

versus placebo in the meta-analysis described above (risk ratio: 0.92  
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[95% CI, 0.74 to 1.15]), and was reduced versus placebo at a dose of 

2.5–5 mg (risk ratio: 0.52 (95% CI, 0.40 to 0.69) [2].

Dizziness is another common side effect associated with anti-

hypertensive therapy, as well as many other causes [12]. A review of 

spontaneous reports of adverse events to a pharmacovigilance database 

found associations with dizziness for all antihypertensive classes except 

β-blockers [13]. However, this side effect is known to occur with bisopro-

lol and amlodipine, typically early in therapy (Table 1). It is important to 

identify and intervene to correct more severe presentations of dizziness, 

as this is associated much more strongly with serious adverse outcomes 

such as falls in older, vulnerable individuals [9]. As a highly selective 

β1-adrenoceptor blocker, bisoprolol does not cause marked peripheral 

vasodilatation [14, 15]. In one retrospective study in patients with heart 

failure, for whom it was not possible to increase the dose of a vasodi-

lating β-blocker (carvedilol), all 13 patients with dizziness as a limiting 

factor, and 9/15 patients with hypotension as a limiting factor, could be 

safely switched to bisoprolol [16].

Dose-relationship of side effects

Figure 1 shows the incidence of dose-related side effects with amlo dipine 

from clinical trials that compared amlodipine directly with placebo us-

ing the United States (US) label of a marketed formulation of this drug 

(N=1,750 and N=1,250, respectively) [17]. The incidence of oedema 

and palpitation rose steeply at a dose of amlodipine 10 mg, while the 

incidence of the other side effects remained relatively low. A systemat-

ic review of the tolerability of different doses of bisoprolol within the 

permitted dosage range in Europe is not available. The side effects of 

bisoprolol were not clearly dose related in a randomised comparison of 

bisoprolol 5–20 mg versus placebo (Figure 2) [18]. This is especially the 

case for bisoprolol dosages of 5–10 mg, which is the range of bisoprolol 

doses used in the bisoprolol/amlodipine combination tablets, and 10 mg 

is the usual maximum dose of bisoprolol. The data for bisoprolol 20 mg is 

shown here for completeness, and to help highlight any dose-relationship 

of side effects that may have been present.
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Figure 1 Dose-relationship of side effects of amlodipine [14]. 
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Figure 2 Dose relationship of side effects of bisoprolol [15]. 
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Contraindications and precautions  
when prescribing bisoprolol/amlodipine 
combination tablets

Contraindications and precautions relating to the therapeutic use of 

bisoprolol/amlodipine combination tablets are summarised in Table 2. 

Contraindications for bisoprolol relate mainly to exacerbation of acute 

or decompensated heart failure, bradycardia or intracardiac conduction 

block, or use in severe bronchial asthma. Contraindications to amlo-

dipine mostly reflect concern over exacerbation of heart failure and 

also situations where blood pressure (BP) may become dangerously low  

(hypotension, shock, and aortic stenosis).

Precautions for the use of these agents reflect similar potential con-

cerns (uncontrolled heart failure for both, and atrioventricular conduc-

tion block for bisoprolol). Additionally, bisoprolol should be used with 

caution where there is a high risk of hypoglycaemia, as sympathetic ac-

tivation is an important part of the counter regulatory response to low 

blood glucose [19]. Other precautions include situations where any level 

of β2-adrenoceptor blockade would be harmful (peripheral artery occlu-

sive disease and obstructive airways disease). With regard to the latter, 

the use of bisoprolol is supported for patients with less severe obstructive 

airways disease where there is a compelling indication for its use (e.g. 

angina, post-myocardial infarction, or heart failure), as bisoprolol’s high-

ly selective β1-adrenoceptor blockade would not be expected to constrict 

the bronchi (a β2-adrenoceptor-mediated effect) at usual therapeutic 

doses [12]. Consistent with these observations, a network meta-analysis 

of 14 randomised trials and 23 observational studies found that among 

seven β-blockers evaluated, only propranolol (a non-cardioselective 

β-blocker) reduced forced expiratory volume in 1 second significantly, 

while bisoprolol, atenolol, labetalol, celiprolol, metoprolol, and carve-

dilol did not [20].
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Table 2 Contraindications and precautions relating to the use of bisoprolol/amlodipine 
combination tablets from European prescribing information. 

Related to the bisoprolol  
component

Related to the amlodipine 
component

Contraindications Acute HF
Episodes of decompensated HF 
requiring inotropic therapy
Sick sinus syndrome
Sinoatrial block
Symptomatic bradycardia
Symptomatic hypotension
Severe bronchial asthma
Severe peripheral occlusive disease (incl. 
severe forms of Raynaud’s syndrome)
Untreated pheochromocytoma
Metabolic acidosis

Severe hypotension 
Shock (incl. cardiogenic 
shock) 
Left ventricular outflow 
obstruction (e.g. high grade 
aortic stenosis)
Haemodynamically  
unstable HF

Warnings and precautions
Patients with 
heart failure

Use with caution in hypertension angina 
associated with HF

Use with caution 
(pulmonary oedema 
has been observed with 
amlodipine in patients with 
severe HF).

Patients with IHD Do not withdraw therapy abruptly
Use with caution in Prinzmetal’s angina

–

Hepatic 
impairment

– Use with caution 
(elimination is prolonged 
but dose adjustments have 
not been established in 
these patients)

Renal impairment – --
Elderly – Use caution when increasing 

the dose
Diabetes Use with caution where glucose levels 

fluctuate severely (may mask symptoms 
of hypoglycaemia)

–

Obstructive 
airway diseases

Avoid unless compelling indication 
(then use with caution)

–

Other areas 
requiring cautious 
use

1st degree AV block
Peripheral occlusive artery disease
Psoriasis
Hyperthyroidism (may mask symptoms)
Concomitant allergen desensitisation
Potential for interactions with other 
drugs in the peri-operative period 
(promotion of bradycardia or reflexes to 
compensate for blood loss)

–

AV: atrioventricular; HF: heart failure; IHD: ischaemic heart disease.
Hypersensitivity to any component of the tablet is also a contraindication; omitted from the 
table for conciseness.
Contents of the table are paraphrased: please see the full Summary of Product Characteristics 
before prescribing. 
Data source: Summary of Product Characteristics for Concor AMLO tablets (Merck Healthcare 
KGaA, Darmstadt, Germany).
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Tolerability and safety in clinical evaluations  
of bisoprolol/amlodipine combination tablets

Three randomised trials and three observational studies have provided 

data on the tolerability and safety of bisoprolol/amlodipine combination 

tablets (Table 3) [21–26]. One of these studies compared a free combina-

tion of bisoprolol and amlodipine with placebo and amlodipine in patients 

with BP sub-optimally controlled on amlodipine monotherapy [22]. As 

the bisoprolol and amlodipine components of the combination tablet have 

been shown to be bioequivalent with commercial formulations of these 

agents, the tolerability findings are directly comparable with the findings 

of studies that evaluated bisoprolol/amlodipine combination tablets.

The incidence of side effects was low in these studies. The more 

common side effects reported included those typical of a β-blocker and 

vasodilatory calcium channel blocker, (e.g. bradycardia, headache, and 

oedema), as described above. The low incidence of side effects in these 

studies likely reflects the prior treatment received by the populations of 

most of the trials with bisoprolol and/or amlodipine.

Conclusions

Bisoprolol and amlodipine have been effective and well tolerated ther-

apeutic options within the management of hypertension for decades. 

Their side effect profiles, contraindications, and precautions for use are 

well known and understood. Clinical evaluations of treatment with biso-

prolol/amlodipine combinations have revealed tolerability profiles con-

sistent with clinical experience from this long period of therapeutic use 

with both agents. Moreover, this evidence was from both randomised, 

controlled trials (the ‘gold standard’ for clinical evidence) and from real- 

world evaluations (that add valuable information on the therapeutic pro-

file of a drug in routine clinical practice, away from the often restric-

tive inclusion and exclusion criteria of randomised trials [27]). These 

studies confirm that patients can be switched safely to the bisoprolol/ 

amlodipine combination tablets from either monotherapy with either 
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Table 3 Overview of safety and tolerability findings reported in clinical evaluations of 
bisoprolol plus amlodipine combinations. 

Prior 
therapy

Any AE 
(%)

Most common AE Serious 
AE (%)

Discont. 
for AE 

(%)

Deaths 

Randomised trials
21 Bisoprolol 

5 mg  
or 
amlodipine 
5 mg 

74.5a B + A combination 
tabletsa:  
Sinus bradycardia 
(27.5%)b 
Other bradycardia 
(14.5%)b 
Peripheral oedema 
(8.5%)b

1.5 3 2 deathsc

22 Amlodipine 
5 mg QD 

B+Ad: 12.7 
Placebod: 
11.8

B + A free 
combinationa,e:  
Oedema (2.2%) 
Headache (1.6%) 
Placebo: 
No individual AE 
occurred in >2 patients

B+Ad: 6.6 
Placd: 3.2

B+Ad: 6.6 
Placd: 3.20

No 
deaths

23 None Not 
reported

No significant 
impact on laboratory 
parameters

Not 
reported

Not 
reported

Not 
reported

Observational studies
24 Bisoprolol + 

amlodipine 
(free 
combination) 

Not 
reported 
(total of 
101 AE)

B + A combination 
tabletsf: 

Swelling (0.2%) 
Joint swelling (0.1%) 
Bradycardia (0.04%) 
Dizziness (0.04%) 
Headache (0.04%)

0.1 0.1 1 deathc

25 Not reported Not 
reported

B + A combination 
tabletse,f: 

Oedema (7.5%)e 
Headache (3.8%)e 
Fatigue (2.8%)e 
Leg cramps (2.8%)

0 0 No 
deaths

26 Amlodipine, 
ramipril or 
atenolol 

Not 
reported

B + A combination 
tabletse,f: 

Oedema (8%) 
Headache (4%) 
Fatigue (3%) 
Leg cramps (3%)

0 0 No death

A: amlodipine; AE: adverse event; B: bisoprolol; discont.: discontinued; QD: daily. 
aThere was no active comparator in this trial, patients were randomised to combination tablets 
incorporating different dosage strengths of amlodipine and bisoprolol (see Chapter 6 for more 
details).
bTreatment-related AE.
cUnrelated to treatment.
dPatients uncontrolled on amlodipine 5 mg were randomised to additional placebo  
or additional amlodipine
eOccurring in at least 3 patients.
fObservational study with no comparator group. 
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agent (for increased efficacy, see Chapter 6 of this book) or from pre- 

existing free combinations of bisoprolol and amlodipine (to simplify regi-

mens to support good adherence to therapy, see Chapter 7), depending 

on the local label. The data on the tolerability profile of bisoprolol/am-

lodipine combination therapy summarised in this Chapter adds further 

support for the role of this treatment in the management of hypertension.
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Chapter 9

Clinical Outcomes with Bisoprolol  
and Amlodipine: Current Status  
and Future Prospects
Yi-Heng Li 
Division of Cardiology, National Cheng Kung University Hospital, Tainan, Taiwan

Both β-blockade and calcium channel blockade has been 

shown to improve clinical outcomes in hypertension and 

other cardiovascular conditions. Most people with hyper-

tension receive combination antihypertensive therapy, and 

β-blockers and calcium channel blockers will play an impor-

tant role in the combination regimens of many patients with 

hypertension.

Introduction

The goal of antihypertensive treatment is to reduce the risk of the long-

term, adverse cardiovascular outcomes associated with high blood pres-

sure (BP), such as myocardial infarctions (MIs), strokes, and chronic kid-

ney disease, among others. Chapter 1 of this book details the association 

between hypertension and its cardiovascular complications. The purpose 

of this chapter is to review the strengths and limitations of β-blockers 
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and calcium channel blockers (CCBs) with regard to improving clinical 

outcomes in people with hypertension.

Clinical evidence for improved clinical 
outcomes with β-blockers and CCBs

β-blockers (including bisoprolol)

b-blockers in hypertension

Bisoprolol has never been evaluated in a randomised outcome trial in 

people with hypertension. Accordingly, this section will review the evi-

dence for the effects of β-blockers as a class on outcomes in populations 

with hypertension, followed by a summary of indirect evidence relating 

to bisoprolol itself and cardiovascular outcomes.

Multiple meta-analyses have compared β-blockers with placebo (or 

no treatment) or members of other antihypertensive classes and Table 1 

shows recent examples of these, published since 2015 [1–7]. Overall, 

there is clear evidence for a reduction in the risk of major adverse cardio-

vascular events and other adverse outcomes with β-blockers versus pla-

cebo or no treatment. Evidence for an effect on mortality was conflicting, 

and several analyses suggested that CCBs were more effective in prevent-

ing strokes than β-blockers (although β-blockers themselves reduced the 

risk of stroke compared with placebo). Another meta-analysis, not shown 

in Table 1, showed that members of any class of antihypertensive agent 

reduced the risk of stroke in patients at high risk of adverse cardiovascu-

lar outcomes (mostly due to the presence of pre-existing cardiovascular 

disease) [8].

There was no significant difference in effects on all-cause or cardio-

vascular mortality, or all-cause or cardiovascular hospitalisation between 

bisoprolol (highly selective β1-adrenoceptor blocker) and nebivolol  

(a “third generation” β1-adrenoceptor blocker, i.e. with additional vas-

odilator actions) in a head-to-head randomised comparison involving 

1 year of treatment [9]. Consistent with these findings, a large database 

analysis found no significant differences in the risk of acute MI, stroke 
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Table 1 Overview of large, recent meta-analyses that compared the effects of β-blockers  
with placebo or no treatment, or members of other antihypertensive classes.

Author [Ref] Trials Patients Main findings

Thomopoulos 
et al [1]

67 68,478 Benefit vs. placeboa for stroke (RR 0.77 [0.61 to 0.97]), 
HF (RR 0.57 [0.35 to 0.91]), stroke + CHD (RR 0.84 [0.74 
to 0.95]), stroke + CHD + HF (RR 0.78 [0.64 to 0.96]) in 
populations with hypertension; no significant effect vs. 
placeboa on CHD or CV or all-cause mortality.

Wiysonge 
et al [2,3]

4b 23,613 β-blockers were more effective vs. placeboa for CVE (RR 
0.88 [0.79 to 0.97]) and stroke (RR 0.80 [0.66 to 0.96]);  
no significant benefit for all-cause mortality or CHD.
CCBs more effective vs. β-blockers for preventing stroke 
(RR 1.07 [1.0 to 1.14]), CVE (RR 1.18 [1.08 to 1.29]) and 
all-cause mortality (RR 1.07 [1.0 to 1.14]); no significant 
difference for CHD.
RAAS blockers more effective vs. β-blockers for pre-
venting stroke (RR 1.30 [1.11 to 1.53]); no significant 
benefit for all-cause mortality, CVE or CHD.
No significant difference between β-blockers and 
diuretics for all outcomes.

Emdin et al 
[4]

45c 100,354 Similar effects of members of different antihypertensive 
classes on outcomes in people with T2D except for 
apparent benefit for CCBs on stroke (higher risk with 
β-blocker), and lower risk of HF with diuretics or ARBs.

Ettehad et al 
[5]

123 613,815 β-blockers were less effective than other antihyper-
tensive classes for prevention of MACE, stroke, and renal 
failure. 
Calcium channel blockers were superior to other drugs 
for the prevention of stroke.

Thomopoulos 
et al [6] 

50 247,006 β-blockers were less effective for reducing stroke 
vs. CCBs, ARBs or all RAAS blockers (there was no 
comparison between β-blockers and ACEI).
No significant differences between β-blockers and other 
antihypertensive classes or effects on CHD, HF, stroke 
+ CHD, stroke + CHD + HF, CV mortality, or all-cause 
mortality.

Vögele et al 
[7]

5d 8,019 No significant difference between β-blockers and pla-
ceboa on a composite outcome of death, MI or stroke  
(RR 0.89 [0.75–1.05]).
Benefit for β-blockers vs. placeboa on nonfatal stroke  
(RR 0.78 [0.63 to 0.98]) and HF (RR 0.54 [0.37 to 0.81]);  
no difference for death or nonfatal MI.
β-blockers less effective than other antihypertensive 
classes (pooled) for nonfatal stroke (RR 1.18, [1.07–1.30]);  
no difference for death, nonfatal MI, HF.

aOr no treatment. bEvaluations of β-blockers vs. placebo or no treatment for the first-line treat-
ment of hypertension. cStudies in people with type 2 diabetes. dEvaluated effects in patients 
aged ≥65 y. ACEI: angiotensin-converting enzyme inhibitors; ARB: angiotensin receptor blockers;  
CCB: calcium channel blocker(s); CHD: coronary heart disease; CV: cardiovascular; CVE: CV events; 
HF: heart failure; MACE: major adverse cardiac events; MI: myocardial infarction; RAAS: renin- 
angiotensin-aldosterone system; Ref: reference; RR: risk ratio; T2D: type 2 diabetes; vs.: versus;  
y: year. Numbers in square parentheses are 95% confidence intervals.
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or hospitalisation for heart failure between two third-generation β-block-

ers (nebivolol and carvedilol) and atenolol, a cardioselective β-blocker 

with lower selectivity for β1- versus β2-adrenoceptors than bisoprolol 

(see Chapter 4 of this book for a discussion of cardioselectivity) [10]. 

Evidence for an additional beneficial effect on clinical outcomes associat-

ed with the additional vasodilator properties (stimulation of nitric oxide 

production for nebivolol and α-adrenoceptor blockade for carvedilol) is 

lacking [11, 12].

b-blockers in other cardiovascular diseases

The clinical evidence for improved clinical outcomes with β-blockers 

in patients with stable heart failure or ischaemic heart disease (IHD) is 

well established [12]. Indeed, β-blockers are recommended as part of 

the therapeutic regimen for these patients in international guidelines 

[13–15]. 

The evidence base for bisoprolol in the management of heart failure 

was established by the three randomised Cardiac Insufficiency Bisoprolol 

Study (CIBIS) trials [16–18]. CIBIS I demonstrated symptomatic im-

provement in patients with heart failure randomised to bisoprolol or 

to placebo, but had insufficient power to evaluate effects on hard clin-

ical endpoints [16]. CIBIS II was larger, and demonstrated statistical-

ly and clinically significant improvements for bisoprolol versus placebo 

in all-cause mortality (hazard ratio [HR] 0.66, 95% confidence interval  

[95% CI] 0.54 to 0.81, p<0.0001) and sudden deaths (HR 0.56 [95% CI 

0.39 to 0.80], p=0.0011) [17]. These were interim findings, as the study 

was stopped early, as routine data monitoring indicated that its prima-

ry endpoint (reduction in mortality) had been met. Finally, CIBIS III 

demonstrated that clinical outcomes did not differ importantly whether 

biso prolol was administered before or after an angiotensin converting 

enzyme (ACE) inhibitor [18].

Meta-analysis supports the benefit of β-blockers in patients with 

IHD, including after application of percutaneous coronary intervention 

and in patients receiving an ACE inhibitor [19–23]. The Total Ischemic 

Burden Bisoprolol Study involved randomisation of 330 patients with 

stable angina, a positive exercise test and ≥2 documented episodes of 
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myocardial ischaemia during the previous 2 days to bisoprolol or nife-

dipine (a short-acting CCB) [24, 25]. Patients randomised to bisoprolol 

versus nifedipine demonstrated fewer episodes of ischaemia and a lower 

risk of a composite cardiac outcome at 1 year.

Amlodipine

Amlodipine in hypertension

Table 2 summarises three major randomised cardiovascular outcomes 

trials that evaluated amlodipine in patients with hypertension [26–29]. 

All of these trials enrolled populations at elevated cardiovascular risk due 

to the presence of hypertension and one or more risk factors for adverse 

cardiovascular outcomes.

The large Antihypertensive and Lipid-Lowering Treatment 

to Prevent Heart Attack Trial (ALLHAT) trial randomised more 

than 30,000 people with hypertension to amlodipine, a thiazide diuretic, 

or an ACE inhibitor [26]. There were no significant differences between 

treatments in the incidence of the primary cardiovascular endpoint in 

ALLHAT. 

The Valsartan Antihypertensive Long-term Use Evaluation 

(VALUE) trial involved randomisation of a hypertensive patient popu-

lation to either amlodipine or to an angiotensin receptor blocker (ARB), 

valsartan [27]. There was no significant difference between treatments 

in the incidence of the primary composite cardiovascular endpoint at the 

end of the trial. However, there were fewer MIs in the amlodipine versus 

valsartan groups (HR 1.19, p=0.02), with a trend towards a lower risk 

of stroke with amlodipine (HR 1.15, p=0.08). Differences in BP lowering 

between the study arms, in particular during the first year, has been ad-

vanced as a possible explanation for these observations [30].

The Anglo-Scandinavian Cardiac Outcomes Trial-Blood 

Pressure Lowering Arm (ASCOT-BPLA) was a randomised compa-

rison of the effects on clinical outcomes of treatment based on amlo-

dipine versus atenolol in high-risk hypertensive subjects [28]. This trial 

differed from ALLHAT and VALUE, as an element of combination ther-

apy was factored into the design of the study: patients uncontrolled on 
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Table 2 Principal randomised evaluations of the effects of amlodipine on clinical  
outcomes.

Trial (yeara) Study arms Follow-up 
(y)b

Primary 
outcome

Main findings

ALLHAT 
(2002) [10] 
(N=33,357)

Amlodipine 
Chlorthalidone  
Lisinoprilc

4.9 Composite: 
fatal CHD + 
nonfatal MI

No significant differences in 
the primary outcome (RR vs 
chlorthalidone was 0.98 [0.90 
to 1.07] for amlodipine and 0.99 
[0.91 to 1.08] for lisinopril.
Also no differences between 
groups for mortality (secondary 
outcome).

VALUE 
(2004) [27] 
(N=15,245)

Amlodipine 
Valsartan

4.5 Cardiac 
morbidity/ 
mortalityf

No difference overall between 
treatment groups for the 
primary endpoint (HR 1.04  
[94 to 1.15]).
An apparent early excess of 
MI events in the valsartan 
arm is unexplained but has 
been attributed to slower BP 
lowering vs amlodipine.

ASCOT-BPLA 
(2005) [28] 
(N=19,257)

Amlodipined 
Atenolold

5.5e Composite: 
fatal CHD + 
nonfatal MI

Trend in favour of amlodipine- 
vs atenolol-based therapy for 
primary outcome (HR 0.90  
[79 to 1.02]).
Benefit for amlodipine in terms 
of fewer strokes (HR 0.77 [0.66 
to 0.89]), total CV events and 
procedures (HR 0.84 [0.78 to 
0.90]), and deaths (HR 0.89 
[0.81 to 0.99]).

ACCOMPLISH 
(2008) [29] 
(N=11,506)

Amlodipine 
Hydrochloro-
thiazide 
(each added to 
benazepril)

3 y Composite: 
CV death, 
MI, stroke, 
other 
cardiac 
morbidityg

Benefit for amlodipine for 
primary endpoint (HR 0.80 
[0.72 to 0.90]) and secondary 
composite of CV death, MI or 
stroke (HR 0.79 [0.67 to 0.92]).

aOf main publication. bMean or median. cA doxazosin arm was discontinued during the study 
and will not be discussed here. dPerindopril could be added to amlodipine and bendro-
flumethiazide to atenolol, as required. eTrial terminated prematurely as recommended by routine 
trial data monitoring. fInterventional procedures, hospitalisation for heart failure, nonfatal MI, 
fatal CHD. gPrimary composite was CV death, nonfatal MI, nonfatal stroke, hospitalisation for 
angina, resuscitation after sudden cardiac arrest, coronary revascularisation.
BP: blood pressure; CHD: coronary heart disease; CV: cardiovascular; HR: hazard ratio;  
MI: myocardial infarction; RR: relative risk; y: year. Numbers in square parentheses are  
95% confidence intervals.
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amlodipine or atenolol could receive additional per-protocol treatment 

with perindopril or a thiazide diuretic, respectively. The trial was termi-

nated early due to a likelihood of benefit in the amlodipine arm; while 

the reduction in the primary endpoint with amlodipine did not achieve 

statistical significance, there were benefits for amlodipine versus atenolol 

in multiple secondary cardiovascular outcomes.

The Avoiding Cardiovascular Events Through Combination 

Therapy in Patients Living With Systolic Hypertension 

(ACCOMPLISH) trial was a randomised comparison of two antihyper-

tensive combination regimens (amlodipine or a thiazide diuretic added 

to an ACE inhibitor in high-risk hypertensive patients) [29]. Amlodipine-

based treatment was associated with a lower risk of a broad primary 

cardiovascular composite outcome as well as a secondary composite that 

resembles the primary outcome used in the other trials discussed here 

(cardiovascular death + nonfatal MI or stroke).

Accordingly, amlodipine was equivalent to, or superior to, other 

evidence-based treatments for hypertension for improving long-term  

clinical outcomes. Meta-analyses suggest comparable efficacy for CCBs 

versus other antihypertensive classes in reducing the risk of major ad-

verse cardiovascular outcomes, with a greater effect on stroke com-

pared with other antihypertensive classes, as described above [2–6]. A 

meta-analysis published in 2014 that included these and smaller trials 

shows that the risk of most adverse clinical outcomes was lower or simi-

lar for amlo dipine compared with a β-blocker or diuretic, or with an ACE 

inhibitor or ARB [31].

Amlodipine in other cardiovascular diseases

Several outcomes trials have evaluated amlodipine in patients with  

stable coronary artery disease, and these are reviewed briefly below.

The Comparison of Amlodipine vs Enalapril to Limit 

Occurrences of Thrombosis (CAMELOT) study compared the 

effectiveness of these agents with placebo for reducing the risk of car-

diovascular events over 2 years of treatment in 1,991 patients with 

angiographically documented coronary artery disease [32]. The broad 

primary endpoint employed by this trial included cardiovascular death, 
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nonfatal MI, resuscitated cardiac arrest, coronary revascularisation, hos-

pitalization for angina or for congestive heart failure, stroke, transient 

ischemic attack, or peripheral vascular disease. The frequency of the 

primary endpoint was reduced during treatment with both amlodipine 

(HR 0.69 [95% CI 0.54 to 0.88]) and enalapril (HR 0.85 [95% CI 0.67 

to 1.07]), with no significant difference between treatments (HR 0.81 

[95% CI 0.63 to 1.04]). There was a trend towards slowing of athero-

sclerosis regression in the amlodipine group, compared with the other 

treatments.

The Prospective Randomized Evaluation of the Vascular 

Effects of Norvasc Trial (PREVENT) was a randomised, place-

bo-controlled trial in 825 patients with angiographically confirmed cor-

onary artery disease [33]. The study was designed to test the hypothesis 

that treatment with amlodipine might slow the progression of coronary 

atherosclerosis, determined using quantitative angiography. The prima-

ry endpoint (change in coronary luminal diameter) was not met in this 

study, although there was significant reduction of atherosclerosis pro-

gression for amlodipine versus placebo when measured using ultrasound 

techniques. There was also no difference between treatments for mortal-

ity or major adverse cardiovascular events. However, there were fewer 

episodes of angina or heart failure, or of revascularisation procedures, in 

the amlodipine versus placebo group.

The Coronary AngioPlasty Amlodipine REStenosis Study 

(CAPARES) study evaluated the rate of restenosis following percutane-

ous transluminal coronary angioplasty (PTCA) in a population of 661 pa-

tients randomised to amlodipine or placebo [34]. The primary endpoints 

were loss in minimal lumen diameter (quantitative coronary angiogra-

phy) and a major adverse cardiovascular events composite of death, MI, 

coronary artery bypass graft surgery and repeat PTCA, measured during 

the 4 months following the original PTCA procedure. There was no dif-

ference between treatments for the angiographic outcome, but there was 

a clinical benefit for amlodipine versus placebo in terms of reduced need 

for repeat PTCA (relative risk ratio [RRR] 0.45 [95% CI 0.22 to 0.91]), 

and a reduced frequency of the cardiovascular composite outcome  

(RRR 0.65 [95% CI 0.43 to 0.99]).
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An outcomes trial was conducted in patients with severe heart 

failure—the Prospective Randomized Amlodipine Survival 

Evaluation (PRAISE) [35]. A total of 1153 patients with left ventricu-

lar ejection fraction (LVEF) <30% were randomised to amlodipine or 

placebo, in addition to their usual therapy, for 6–33 months. The risk of 

the primary cardiovascular composite outcome (death or hospitalisation 

for coronary events) was reduced by 16% (95% CI 10 to 24) for am-

lodipine versus placebo. A subgroup analysis suggested that benefit was 

only seen in patients with heart failure of non-ischaemic aetiology, with 

no significant effect in patients with heart failure of ischaemic aetiolo-

gy. A second study (PRAISE-2) tested this hypothesis by randomising 

a population of 1,654 patients with non-ischaemic cardiomyopathy and 

LVEF <30% to amlodipine or placebo for a median of 33 months [36]. 

In this trial, there was no benefit for amlodipine versus placebo (HR 1.09  

[95% CI 0.92 to 1.29]). The effects of amlodipine therefore, appear to be 

neutral in patients with heart failure [36]. 

The clinical evidence base for bisoprolol  
and amlodipine—limitations  
and future prospects

Guidelines have downgraded the place of β-blockers as a class in the 

management of hypertension in recent years, and these agents are fa-

voured for use in patients with special indications for their use, such 

as heart failure or IHD [13]. The effects of combination therapy ap-

proaches on hypertension-mediated clinical outcomes remains largely 

unstudied, especially with regard to the β-blocker class. For example, 

the ASCOT-BPLA [28] and ACCOMPLISH [29] trials, described above, 

were cardiovascular outcomes trials that set out to evaluate anti-

hypertensive combinations. Both evaluated amlodipine in combina-

tion with an ACE inhibitor, but only ASCOT-BPLA included a β-blocker,  

atenolol, that has lower β1-adrenoceptor selectivity (cardioselectivity) 

than bisoprolol. Indeed, the ASCOT-BPLA trial was described by one 

of its principal investigators as a comparison of “older” and “newer” 
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antihypertensive therapies [37], a strategy which seemed likely to pre-

clude evaluation of β-blockers in combination with “newer” antihyper-

tensive therapies.

The reduction in emphasis on the use of the β-blocker class in people 

with hypertension is due to a perception of lower efficacy in reducing 

hypertension-mediated target organ damage, associated in turn with a 

lesser effect of β-blockers on central BP, compared with some other anti-

hypertensive classes [13, 38, 39]. However, consideration of the clinical 

pharmacology of antihypertensive agents as though given as monothera-

py is discordant with the call from the current European guideline for the 

management of hypertension for the use of combination antihypertensive 

therapy from the time of diagnosis of hypertension [13]. Complementary 

mechanisms of action of components of combination regimens can, in 

principle, provide complementary mechanisms of cardiovascular protec-

tion. For example, a study in hypertensive patients showed that addition 

Figure 1 Comparison of clinical outcomes for amlodipine versus other antihypertensive 
agents from a meta-analysis. 
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of amlodipine to bisoprolol markedly reduced both central BP and pulse 

pressure, in addition to brachial BP, thus overcoming one of the clinical 

limitations of β-blockade when used as monotherapy [40]. 

Current European guidelines for the management of hypertension 

are very clear in their recommendation that most people with hyperten-

sion who require pharmacotherapy should receive rational combination 

treatments, rather than monotherapy [13]. In future, the therapeutic 

evaluation of antihypertensive treatments should focus more strongly on 

comparing rational antihypertensive combinations with complementary 

mechanisms of action, rather than monotherapies. This approach would 

build on the substantial evidence base for improved outcomes that we 

have with existing antihypertensive agents, in a way that reflects more 

closely actual current practice in the management of hypertension.

Conclusions

Bisoprolol and amlodipine have been in clinical use for the manage-

ment of hypertension (and other cardiovascular conditions) for dec-

ades, and their efficacy and safety profiles when used as monotherapy 

are well understood. These drugs have complementary mechanisms of 

action and have each been shown to improve clinical outcomes in this 

population. This combination, prescribed appropriately and supported 

by delivery within a single tablet, has a place in the management of 

hypertension.

References 
1 Thomopoulos C, Bazoukis G, Tsioufis C, Mancia G. Beta-blockers in hypertension:  

overview and meta-analysis of randomized outcome trials. J Hypertens. 2020;38:1669–81. 
https://doi.org/10.1097/HJH.0000000000002523.

2 Wiysonge CS, Bradley HA, Volmink J, Mayosi BM, Opie LH. Beta-blockers for hypertension. 
Cochrane Database Syst Rev. 2017;1:Cd002003. https://doi.org/10.1002/14651858.
CD002003.pub5.

3 Wiysonge CS, Bradley HA, Volmink J, Mayosi BM. Cochrane corner: beta-blockers for 
hypertension. Heart. 2018;104:282–3. https://doi.org/10.1136/heartjnl-2017-311585.

4 Emdin CA, Rahimi K, Neal B, Callender T, Perkovic V, Patel A. Blood pressure lowering  
in type 2 diabetes: a systematic review and meta-analysis. JAMA. 2015;313:603–15.  
https://doi.org/10.1001/jama.2014.18574.



132  •  10 Years of Experience with a Fixed-Dose Combination of Bisoprolol and Amlodipine

5 Ettehad D, Emdin CA, Kiran A, Anderson SG, Callender T, Emberson J, et al. Blood pressure 
lowering for prevention of cardiovascular disease and death: a systematic review and  
meta-analysis. Lancet. 2016;387:957–67. https://doi.org/10.1016/s0140-6736(15)01225-8.

6 Thomopoulos C, Parati G, Zanchetti A. Effects of blood pressure-lowering on outcome 
incidence in hypertension: 5. Head-to-head comparisons of various classes of 
antihypertensive drugs—overview and meta-analyses. J Hypertens. 2015;33:1321–41.  
https://doi.org/10.1097/HJH.0000000000000614.

7 Vögele A, Johansson T, Renom-Guiteras A, Reeves D, Rieckert A, Schlender L, et al. 
Effectiveness and safety of beta blockers in the management of hypertension in older adults: 
a systematic review to help reduce inappropriate prescribing. BMC Geriatr. 2017;17:224. 
https://doi.org/10.1186/s12877-017-0575-4.

8 Thomopoulos C, Parati G, Zanchetti A. Effects of blood-pressure-lowering treatment on 
outcome incidence. 12. Effects in individuals with high-normal and normal blood pressure: 
overview and meta-analyses of randomized trials. J Hypertens. 2017;35:2150–60.  
https://doi.org/10.1097/HJH.0000000000001547.

9 Kumar R, Mal K, Begum J, Shaukat F. Comparison of Nebivolol and Bisoprolol for 
Cardiovascular Mortality in Hypertensive Patients. Cureus. 2019;11:e6453.  
https://doi.org/10.7759/cureus.6453.

10 Chan You S, Krumholz HM, Suchard MA, Schuemie MJ, Hripcsak G, Chen R, et al. 
Comprehensive Comparative Effectiveness and Safety of First-Line beta-Blocker 
Monotherapy in Hypertensive Patients: A Large-Scale Multicenter Observational Study. 
Hypertension. 2021;77:1528–38. https://doi.org/10.1161/HYPERTENSIONAHA.120.16402.

11 AlHabeeb W, Mrabeti S, Abdelsalam AAI. Therapeutic properties of highly selective 
β-blockers with or without additional vasodilator properties: focus on bisoprolol and 
nebivolol in patients with cardiovascular disease. Cardiovasc Drugs Ther. 2021.  
https://doi.org/10.1007/s10557-021-07205-y.

12 Pathak A, Mrabeti S. β-blockade for patients with hypertension, ischemic heart  
disease or heart failure: where are we now? Vasc Health Risk Manag. 2021;17:337–48.  
https://doi.org/10.2147/vhrm.S285907.

13 Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al. 2018 ESC/ESH 
guidelines for the management of arterial hypertension. Eur Heart J. 2018;39:3021–104. 
https://doi.org/10.1093/eurheartj/ehy339.

14 McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm M, et al. 2021  
ESC guidelines for the diagnosis and treatment of acute and chronic heart failure:  
Developed by the Task Force for the diagnosis and treatment of acute and chronic  
heart failure of the European Society of Cardiology (ESC) with the special contribution of 
the Heart Failure Association (HFA) of the ESC [published correction appears in Eur Heart J. 
2021 Dec 21;42(48):4901]. Eur Heart J. 2021;42:3599–726. https://doi.org/10.1093/eurheartj/
ehab670.

15 Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-Brentano C, et al. 2019 ESC 
guidelines for the diagnosis and management of chronic coronary syndromes: The Task 
Force for the diagnosis and management of chronic coronary syndromes of the European 
Society of Cardiology (ESC) [published correction appears in Eur Heart J. 2020 Nov 
21;41(44):4242]. Eur Heart J. 2020;41:407–77. https://doi.org/10.1093/eurheartj/ehz425.

16 A randomized trial of beta-blockade in heart failure. The Cardiac Insufficiency Bisoprolol 
Study (CIBIS). CIBIS Investigators and Committees. Circulation. 1994;90:1765–73.  
https://doi.org/10.1161/01.cir.90.4.1765.

17 The Cardiac Insufficiency Bisoprolol Study II (CIBIS-II): a randomised trial. Lancet.  
1999;353:9–13.

18 Willenheimer R, van Veldhuisen DJ, Silke B, Erdmann E, Follath F, Krum H, et al. Effect on 
survival and hospitalization of initiating treatment for chronic heart failure with bisoprolol 
followed by enalapril, as compared with the opposite sequence: results of the randomized 
Cardiac Insufficiency Bisoprolol Study (CIBIS) III. Circulation. 2005;112:2426–35. https://doi.
org/10.1161/CIRCULATIONAHA.105.582320.



Clinical Outcomes with Bisoprolol and Amlodipine: Current Status and Future Prospects  •  133

19 Freemantle N, Cleland J, Young P, Mason J, Harrison J. Beta blockade after myocardial 
infarction: systematic review and meta regression analysis. BMJ. 1999;318:1730–7.  
https://doi.org/10.1136/bmj.318.7200.1730.

20 Andersson C, Shilane D, Go AS, Chang TI, Kazi D, Solomon MD, et al. beta-blocker therapy 
and cardiac events among patients with newly diagnosed coronary heart disease. J Am Coll 
Cardiol. 2014;64:247–52. https://doi.org/10.1016/j.jacc.2014.04.042.

21 Sorbets E, Steg PG, Young R, Danchin N, Greenlaw N, Ford I, et al. beta-blockers, calcium 
antagonists, and mortality in stable coronary artery disease: an international cohort study. 
Eur Heart J. 2019;40:1399–407. https://doi.org/10.1093/eurheartj/ehy811.

22 Brugts JJ, Bertrand M, Remme W, Ferrari R, Fox K, MacMahon S, et al. The Treatment Effect 
of an ACE-Inhibitor Based Regimen with Perindopril in Relation to Beta-Blocker use in 
29,463 Patients with Vascular Disease: a Combined Analysis of Individual Data of ADVANCE, 
EUROPA and PROGRESS Trials. Cardiovasc Drugs Ther. 2017;31:391–400. https://doi.
org/10.1007/s10557-017-6747-9.

23 Peyracchia M, Errigo D, Raposeiras Rubin S, Conrotto F, DiNicolantonio JJ, Omede P, et al. 
Beta-blocker therapy reduces mortality in patients with coronary artery disease treated 
with percutaneous revascularization: a meta-analysis of adjusted results. J Cardiovasc Med 
(Hagerstown). 2018;19:337–43. https://doi.org/10.2459/JCM.0000000000000662.

24 Von Arnim T. Prognostic significance of transient ischemic episodes: response to treatment 
shows improved prognosis. Results of the Total Ischemic Burden Bisoprolol Study (TIBBs) 
follow-up. J Am Coll Cardiol. 1996;28:20–4. https://doi.org/10.1016/0735-1097(96)00122-2.

25 von Arnim T. Medical treatment to reduce total ischemic burden: total ischemic burden 
bisoprolol study (TIBBS), a multicenter trial comparing bisoprolol and nifedipine. The 
TIBBS Investigators. J Am Coll Cardiol. 1995;25:231–8. https://doi.org/10.1016/0735-
1097(94)00345-q.

26 ALLHAT Officers and Coordinators for the ALLHAT Collaborative Research Group. Major 
outcomes in high-risk hypertensive patients randomized to angiotensin-converting  
enzyme inhibitor or calcium channel blocker vs diuretic: The Antihypertensive and Lipid-
Lowering Treatment to Prevent Heart Attack Trial (ALLHAT). JAMA. 2002;288:2981–97. 
https://doi.org/10.1001/jama.288.23.2981.

27 Julius S, Kjeldsen SE, Weber M, Brunner HR, Ekman S, Hansson L, et al. Outcomes in 
hypertensive patients at high cardiovascular risk treated with regimens based on valsartan 
or amlodipine: the VALUE randomised trial. Lancet. 2004;363:2022–31. https://doi.
org/10.1016/S0140-6736(04)16451-9.

28 Dahlöf B, Sever PS, Poulter NR, Wedel H, Beevers DG, Caulfield M, et al. Prevention of 
cardiovascular events with an antihypertensive regimen of amlodipine adding perindopril as 
required versus atenolol adding bendroflumethiazide as required, in the Anglo-Scandinavian 
Cardiac Outcomes Trial-Blood Pressure Lowering Arm (ASCOT-BPLA): a multicentre 
randomised controlled trial. Lancet. 2005;366:895–906. https://doi.org/10.1016/S0140-
6736(05)67185-1.

29 Jamerson K, Weber MA, Bakris GL, Dahlof B, Pitt B, Shi V, et al. Benazepril plus amlodipine or 
hydrochlorothiazide for hypertension in high-risk patients. N Engl J Med. 2008;359:2417–28. 
https://doi.org/10.1056/NEJMoa0806182.

30 Sever P. The VALUE trial: a commentary. J Renin Angiotensin Aldosterone Syst. 2004;5:99–101. 
https://doi.org/10.3317/jraas.2004.033.

31 Lee SA, Choi HM, Park HJ, Ko SK, Lee HY. Amlodipine and cardiovascular outcomes 
in hypertensive patients: meta-analysis comparing amlodipine-based versus other 
antihypertensive therapy. Korean J Intern Med. 2014;29:315–24. https://doi.org/10.3904/
kjim.2014.29.3.315.

32 Nissen SE, Tuzcu EM, Libby P, Thompson PD, Ghali M, Garza D, et al. Effect of antihypertensive 
agents on cardiovascular events in patients with coronary disease and normal blood 
pressure: the CAMELOT study: a randomized controlled trial. JAMA. 2004;292:2217–25. 
https://doi.org/10.1001/jama.292.18.2217.



134  •  10 Years of Experience with a Fixed-Dose Combination of Bisoprolol and Amlodipine

33 Pitt B, Byington RP, Furberg CD, Hunninghake DB, Mancini GB, Miller ME, et al. Effect of 
amlodipine on the progression of atherosclerosis and the occurrence of clinical events. 
PREVENT Investigators. Circulation. 2000;102:1503–10. https://doi.org/10.1161/01.
cir.102.13.1503.

34 Jørgensen B, Simonsen S, Endresen K, Forfang K, Vatne K, Hansen J, et al. Restenosis 
and clinical outcome in patients treated with amlodipine after angioplasty: results from 
the Coronary AngioPlasty Amlodipine REStenosis Study (CAPARES). J Am Coll Cardiol. 
2000;35:592–9. https://doi.org/10.1016/s0735-1097(99)00599-9.

35 Packer M, O’Connor CM, Ghali JK, Pressler ML, Carson PE, Belkin RN, et al. Effect of amlodipine 
on morbidity and mortality in severe chronic heart failure. Prospective Randomized 
Amlodipine Survival Evaluation Study Group. N Engl J Med. 1996;335:1107–14.  
https://doi.org/10.1056/NEJM199610103351504.

36 Packer M, Carson P, Elkayam U, Konstam MA, Moe G, O’Connor C, et al. Effect of amlodipine 
on the survival of patients with severe chronic heart failure due to a nonischemic 
cardiomyopathy: results of the PRAISE-2 study (prospective randomized amlodipine survival 
evaluation 2). JACC Heart Fail. 2013;1:308–14. https://doi.org/10.1016/j.jchf.2013.04.004.

37 Sever PS. The Anglo-Scandinavian Cardiac Outcomes Trial: implications and further  
outcomes. Hypertension. 2012;60:248–59. https://doi.org/10.1161/HYPERTENSIONAHA. 
111.187070.

38 Epstein BJ, Anderson S. Discordant effects of beta-blockade on central aortic systolic 
and brachial systolic blood pressure: considerations beyond the cuff. Pharmacotherapy. 
2007;27:1322–33. https://doi.org/10.1592/phco.27.9.1322.

39 Jeon KH, Kim HL, Lim WH, Seo JB, Kim SH, Zo JH, et al. Associations between measurements 
of central blood pressure and target organ damage in high-risk patients. Clin Hypertens. 
2021;27:23. https://doi.org/10.1186/s40885-021-00179-x.

40 Bogomaz A, Kotovskaya Y, Kobalava Z. Combination with amlodipine eliminates adverse 
effect of a betablocker on aortic pulse pressure augmentation [abstract PP.21.27].  
J Hypertens. 2015;33:e326. https://doi.org/10.1097/01.hjh.0000468379.55561.95.



MHKDELM400104




