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REVIEW ARTICLE

Diverse pharmacological properties, trial results, comorbidity prescribing
and neural pathophysiology suggest European hypertension guideline
downgrading of beta-blockers is not justified

Murray Eslera , Sverre E. Kjeldsenb , Atul Pathakc , Guido Grassid , Reinhold Kreutze and
Giuseppe Manciad

aBaker Heart and Diabetes Institute, Human Neurotransmitters Laboratory and Monash University, Melbourne, Australia; bDepartment
of Cardiology, Ullevaal Hospital, University of Oslo, Oslo, Norway; cDepartment of Cardiology, and UMR UT3 CNRS 5288 Hypertension
and heart failure: molecular and clinical investigations, INI-CRCT F-CRIN, GREAT Networks, Centre Hospitalier Princesse Grace, Monte
Carlo, Monaco; dUniversity of Milano-Bicocca, Milan, Italy; eCharit�e – Medical University of Berlin, Institute of Clinical Pharmacology
and Toxicology, Berlin, Germany

ABSTRACT
Beta-blockers have solid documentation in preventing cardiovascular complications in the treat-
ment of hypertension; atenolol, metoprolol, oxprenolol and propranolol demonstrate proven
cardiovascular prevention in hypertension mega-trials. Hypertension is characterised by activa-
tion of the sympathetic nervous system from early to late phases, which makes beta-blockers an
appropriate treatment seen from a pathophysiological viewpoint, especially in patients with an
elevated heart rate. Beta-blockers represent a heterogenous class of drugs with regard to both
pharmacodynamic and pharmacokinetic properties. This position is manifest by reference to
another clinical context, beta-blocker treatment of heart failure, where unequivocally there is no
class effect (no similar benefit from all beta-blockers); there are good and less good beta-block-
ers for heart failure. Analogous differences in beta-blocker efficacy is also likely in hypertension.
Beta-blockers are widely used for the treatment of diseases comorbid with hypertension, in
approximately 50 different concomitant medical conditions that are frequent in patients with
hypertension, leading to many de facto beta-blocker first choices in clinical practice. Thus, beta-
blockers should be regarded as relevant first choices for hypertension in clinical practice, par-
ticularly if characterised by a long half-life, highly selective beta-1 blocking activity and no intrin-
sic agonist properties.

SUMMARY

� Beta-blockers have solid documentation in preventing cardiovascular complications in the
treatment of hypertension; atenolol, metoprolol, oxprenolol and propranolol demonstrate
proven cardiovascular prevention in hypertension mega-trials

� Hypertension is characterised by activation of the sympathetic nervous system from early to
late phases, which makes beta-blockers an appropriate treatment seen from a pathophysio-
logical viewpoint, especially in patients with an elevated heart rate

� Beta-blockers represent a heterogenous class of drugs with regard to both pharmacodynamic
and pharmacokinetic properties

� This position is manifest by reference to another clinical context, beta-blocker treatment of
heart failure, where unequivocally there is no class effect (no similar benefit from all beta-
blockers); there are good and less good beta-blockers for heart failure

� Analogous differences in beta-blocker efficacy is also likely in hypertension
� Beta-blockers are widely used for the treatment of diseases comorbid with hypertension, in
approximately 50 different concomitant medical conditions that are frequent in patients with
hypertension, leading to many de facto beta-blockers first choices in clinical practice

� These observations, in totality, inform our opinion that beta-blockers are relevant first choices
for hypertension in clinical practice and this fact needs highlighting

� Further, these arguments suggest European hypertension guideline downgrading of beta-
blockers is not justified
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The position of beta-blockers and trial
evidence in support of beta-blocker use in
hypertension

Several hypertension and cardiovascular prevention
guidelines [1–4] have removed beta-blockers from a
position of the first-choice drug for the treatment of
hypertension, recommending their use only in the
presence of some specific comorbid clinical conditions
or, as an add-on, when there is inadequate blood
pressure (BP) response to initially preferred, first-line
agents. This downgrading may be unjustified:

i. Beta-blockers lower BP as effectively as other
major antihypertensive drugs thereby fully
exploiting the documented protective effect of BP
lowering “per se.” Some beta-blockers (e.g. aten-
olol) are less effective on central BP, which, how-
ever, has never been used as a target in outcome
trials on cardiovascular protection.

ii. Beta-blockers prevent complications in hyperten-
sion compared to placebo in randomised controlled
trials (RCTs), and with two exceptions [5,6], their
effects have been found to be similar to that of
other classes of antihypertensive drugs [7–12], with
equal or only marginally less evident overall benefit
in meta-analyses of large numbers of trials [13–15].

Specific criticism of beta-blockers in the 2018 guide-
lines of the European Society of Cardiology (ESC) and
the European Society of Hypertension (ESH) was that
beta-blockers are accompanied by a greater number of
side effects or contraindications, as well as they are less
protective against stroke than other drug classes in vari-
ous meta-analyses [16]. These points of criticism need
to be considered with caution for various reasons:

i. The difference may have originated from small
differences in achieved BP between trials, to
which stroke is especially sensitive [6,17,18],
which can hardly be neutralised by statistical
adjustment procedures.

ii. No study has ever shown a damaging effect of
beta-blockers on cerebral blood flow autoregula-
tion or brain tissue.

iii. Beta-blockers substantially reduce the risk of
stroke in hypertension when compared to pla-
cebo in RCTs [16].

iv. Some earlier specific concerns of beta-blockers
appeared overrated, including an increased risk
of depression [19] or erectile dysfunction [20],
while beta-blockers are now safe and protective

in peripheral artery disease [21] and chronic
obstructive pulmonary disease [22].

Beyond this clinical trial evidence and in support
of beta-blocker prescribing in hypertension, there are
other important considerations:

i. Beta-blockers represent a heterogenous class of
drugs with regard to both pharmacodynamic
and pharmacokinetic properties. Hypertension
guidelines do not discriminate sufficiently
between different beta-blockers in their use as
antihypertensive drugs, despite these diverse
properties. Although direct evidence from the
head-to-head comparison in RCTs is absent, it
seems likely that there will be no class effect (no
similar benefit for all beta-blockers).

ii. Hypertension is characterised by activation of
the sympathetic nervous system (SNS) from early
to late phases, which makes beta-blockers an
appropriate treatment seen from a pathophysio-
logical viewpoint. This applies in particular to
patients with elevated heart rate, which is driven
by ongoing SNS activation [23,24].

iii. Beta-blockers are widely used for the treatment
of diseases comorbid with hypertension, and
their use is advisable in approximately 50 differ-
ent concomitant medical conditions, which are
frequent in patients with a chronic BP elevation.
Comorbidity-directed prescribing of a beta-
blocker in hypertension moves the drug class to
first-line prescribing, possibly replacing one or
more of the antihypertensive drugs currently
given priority in the guidelines.

In the present narrative review, we aim to analyse
these additional considerations for beta-blocker pre-
scribing in hypertension. It appears that analysis of
hypertension RCT results, consideration of comorbid-
ity prescribing, acknowledgement of hypertension
neural pathophysiology and review of their diverse
pharmacological properties suggest that beta-blockers
continue to play a key role in the treatment of
hypertension.

It is probable that there is no class effect for
beta-blockers in hypertension

Despite their diverse properties (Figures 1–3], recent
hypertension guidelines do not discriminate suffi-
ciently or do not discriminate at all between different
beta-blockers in their use as antihypertensive drugs
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[1–4]. In the earlier years beta-blocker RCTs in
hypertension investigated primarily propranolol and
subsequently, with one exception for metoprolol
[9,25,26] and one for oxprenolol [27], atenolol in all
trials. However, neither propranolol nor atenolol is
“representative” of this entire drug class. Propranolol
is a non-selective beta-blocker, competitively antago-
nising b-1 and b-2 adrenoceptors. Unlike many other
beta-blockers, atenolol is a hydrophilic b-1 selective
agent with a relatively short half-life that is subopti-
mal for once-daily dosing. It would be a mistake to
hold that the two primary shortcomings cited for
beta-blocker use in hypertension, less reduction in
stroke incidence and adverse metabolic effects, e.g.
induced insulin resistance and lowered HDL choles-
terol, necessarily apply to beta-blockers other than

Figure 1. Chronology of the development of beta-blockers.
The illustration depicts the pharmacological properties charac-
terising the three “generations” of this development. BP indi-
cates blood pressure and HR indicates heart rate.

Figure 2. Chemical formulas for the beta-blocker. For some beta-blockers that exist in more than one formula, only one of these is
included in this overview. For the function of a beta-blocker, the compound contains an aromatic ring and a b-ethanolamine. The aro-
matic ring can be either benzo-heterocyclic (such as indole) or heterocyclic (such as thiadiazole). Moving the acyl-amino group to
meta- or ortho-positions, on the benzene ring, causes a loss of selectivity but not loss of the b-blockade. This pinpoints the signifi-
cance of para-substitution for beta-1 selectivity of beta-blockers. Side chains can either be directly linked to the aromatic ring or linked
through a —OCH2— group and change the properties of the molecule explaining the intrinsic sympathomimetic (agonist) activity or
changing the lipophilic properties. Concomitant alpha-blocking or nitrergic activities and beta-2 agonist activities contribute to vasodila-
tion. Upper left box: Beta-1 selective atenolol (At), betaxolol (Be), bisoprolol (Bi), esmolol (Es), metoprolol (Me), and nebivolol (Ne),
which has also nitrergic effects. Lower left box: Beta-1 selective with intrinsic sympatho-mimetic (agonist) activity – celiprolol (Ce, beta-
2 agonist), acebutolol (Ac), and xamoterol (Xa). Upper right box: Beta unselective with intrinsic-sympatho-mimetic (agonist) activity –
carteolol (Cart), bucindolol (Bu), alprenolol (Al), oxprenolol (O), penbutolol (Pe), and pindolol (Pi). Centre box: alpha and beta-unselect-
ive carvedilol (Carv) and labetalol (La). Lower right box: non-selective nadolol (Na), propranolol (Pr), sotalol (So) and timolol (Ti).
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propranolol, compounds with agonist activity [28]
and atenolol.

This position is manifest by reference to another
clinical context, beta-blocker treatment of heart fail-
ure, where unequivocally there is no class effect [29].
In the 1990s there was a strong theoretical foundation
for evaluating beta-blockers in patients with heart fail-
ure. Noradrenaline release from the cardiac sympa-
thetic nerves in heart failure is largely increased,
downregulating myocardial b-1 adrenoceptors [29].
The activation of the cardiac sympathetic outflow was
a demonstrated mortality factor [30]. Bisoprolol, car-
vedilol, metoprolol, and nebivolol investigated in large
RCTs also appeared to reduce hospitalisation and pro-
long survival [29]. However, this was not a class effect
holding for all beta-blockers. When evaluated in
RCTs, bucindolol and xamoterol were not beneficial
[29], the explanation apparently being that these
drugs possess intrinsic sympatho-mimetic (agonist)
activity, which causes cardiac stimulation and
accounts for the unfavourable outcome. Analogous
differences in beta-blocker efficacy are likely in hyper-
tension also, with major within drug class differences
in the beta-blockade selectivity, the presence or

absence of ancillary properties (such as combined
a-blockade and intrinsic agonist activity) and diverse
pharmacokinetic properties. Regarding commonly
used beta-blockers in hypertension such as propran-
olol and atenolol, preliminary studies were done in
heart failure but mortality benefits have not been
shown in heart failure patients with propranolol
and atenolol.

Properties of beta-blockers

As a drug class beta-blockers show remarkable hetero-
geneity (Figures 2 and 3, Table 1), beyond their com-
mon facility to competitively antagonise
b-adrenoceptors [31,32]. The adrenoceptor blockade
can be selective or non-selective, it can co-exist with
intrinsic adrenoceptor stimulation (agonist activity),
be combined with a-adrenergic blockade, and be
associated with nitric oxide (NO) release [31–33].
These ancillary properties confer a direct vasodilator
action with some beta-blockers [34]. The drug mol-
ecule can be lipophilic or hydrophilic, and have short
or long half-life. This contrasts with the much more
homogeneous pharmacological characteristics of the

Figure 3. Diversity of the beta-blockers. Beta-adrenoceptor blocker diversity is represented in differences in beta-receptor selectiv-
ity of the blockade, the presence or absence of intrinsic sympathomimetic activity, the existence of dual alpha-beta blockade in
some cases, differing lipophilicity, and a vascular vasodilatory action possessed by some beta blockers.
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angiotensin converting enzyme (ACE) inhibitors, the
angiotensin receptor blockers (ARB) and the dihydro-
pyridine calcium channel blocking (CCB)
drug classes.

Blood pressure lowering and vasodilator
properties of beta-blockers

The mechanisms by which beta-blockers lower BP are
partly unknown but several modes of action are likely
to be involved [35]. Beta-blockers reduce cardiac out-
put by their negative chronotropic and inotropic
effects. This is, however, accompanied by a reflex
increase of peripheral resistance, which minimises
acute BP reductions. Long-term lowering of BP
occurs because of late reduction of peripheral vascular
tone that may occur due to the resetting of the baror-
eflex mechanism. This implies that all beta-blockers
may have a direct or indirect vascular effect when
administered chronically. A further mechanism
includes inhibition of renin secretion from the kid-
neys with a subsequent decrease in plasma angioten-
sin II; and perhaps a central reduction in sympathetic
outflow leading to reduction of vasomotor tone. In
addition, some beta-blockers exhibit unique direct
systemic vasodilator actions [34] which leads to a
reduction of systemic vascular resistance and afterload
to the heart, preventing a reduction of cardiac output
and almost entirely accounting for the BP fall [36].
The underlying mechanism of the vasodilator
property of the third generation of beta-blockers can
be a consequence of intrinsic ß-agonist activity,

a-adrenergic blockade, and nitric oxide bioavailability
via nitric oxide synthase activation, and/or reduction
in oxidative stress [35,36]. An important common
favourable consequence, among others, of the vaso-
dilator actions of these beta-blockers is an increase of
skeletal muscle blood flow and improved microcircu-
lation. This facilitates distribution of glucose and
insulin to skeletal muscle cells, preventing the increase
in insulin resistance seen with conventional beta-
blockers, in particular, with b-2 adrenergic block-
ade [31,32,34].

Beta-1 selectivity

Acebutolol, atenolol, bisoprolol, esmolol, metoprolol
and nebivolol are relatively b1-selective (cardio-select-
ive) beta-blockers [31,32], which minimises increase
in airways resistance and arteriolar resistance in skel-
etal muscle. Consequently, tolerability in patients with
chronic obstructive pulmonary disease is improved
and adverse metabolic changes are limited or even
absent. The beta-1 selectivity of atenolol is rather
weak and atenolol may appear more like the unselect-
ive propranolol regarding some of these effects.

Beta-blockers with intrinsic agonist activity
(sympathomimetic) properties

Some beta-blockers (acebutolol, celiprolol, labetalol,
oxprenolol and pindolol) cause beta-adrenoceptor
stimulation (variously b-1 or b-2), in parallel with
b-receptor blockade. Beta-blockers with intrinsic

Table 1. Overview of beta-blockers and properties with the various compounds.
Beta-blocker Receptor effects � Clinical properties and use Other pharmacological properties

Acebutolol b1-selective & ISA Angina pectoris, hypertension
Alprenolol b-unselective & ISA Angina pectoris (not marketed)
Atenolol b1-selective † Benefits in hypertension RCTs Hydrophilic
Betaxolol b1-selective Glaucoma treatment (eye drops), hypertension
Bisoprolol b1-selective Benefits in heart failure RCT, hypertension
Bucindolol b-unselective & ISA Investigated but no benefit in heart failure RCT
Carteolol b-unselective & ISA Glaucoma treatment (eye drops), hypertension
Carvedilol a- & b-unselective Benefits in heart failure and post MI RCTs, hypertension Vasodilation
Celiprolol b1-selective & b2-agonist Hypertension Hydrophilic
Esmolol b1-selective Rapid onset, short acting, emergency use
Labetalol a- & b-unselective Use in hypertensive pregnancy and emergency (i.v.)
Metoprolol b1-selective Benefits in RCTs (hypertension, heart failure and post MI)
Nadolol b-unselective Hypertension, angina pectoris, atrial fibrillation Hydrophilic
Nebivolol b1-selective Benefits in heart failure RCT, hypertension Vasodilation (nitrergic)
Oxprenolol b-unselective & ISA Benefits in hypertension RCT
Penbutolol b-unselective & ISA Hypertension
Pindolol b-unselective & ISA Hypertension
Propranolol b-unselective Benefits in hypertension and post MI RCTs
Sotalol b-unselective Anti-arrhythmic but could also be pro-arrhythmic Hydrophilic
Timolol b-unselective Benefits in post MI RCT, glaucoma treatment
Xamoterol b1-selective & ISA Investigated but no benefit in heart failure RCT

�Clinical properties documented in large RCTs are underlined.
†Atenolol was inferior to losartan (13%) in the LIFE Study and inferior (but blood pressure related) to amlodipine in the ASCOT Study.
ISA: intrinsic sympatho-mimetic (agonist) activity; RCT: randomised clinical trial; MI: myocardial infarction.
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agonist activity lower heart rate less than other beta-
blockers and exhibit direct vasodilator
actions [31,32,37].

Beta-blockers with additional alpha-beta
adrenergic blockade

Carvedilol and labetalol are combined alpha-beta
adrenergic blockers [32,34]. The a-adrenergic block-
ing activity underlies their direct vasodilator action
and at higher doses can cause postural hypotension,
not seen with other beta-blockers. While the use of
labetalol, due to its complex pharmacology and
short half-life, is restricted to hypertensive emergen-
cies and urgencies [1,2], carvedilol is used for
chronic treatment of hypertension and exhibits add-
itional beneficial effects by decreasing oxidative
stress, which contributes to its vasodilator
action [33].

Beta-blocker with activation of nitric oxide

Nebivolol is a unique beta-blocker due to its potential
to activate endothelial nitric oxide synthase (eNOS)
[33,38], which contributes to its direct vasodilator
effect. It seems now established that the activation of
eNOS by nebivolol is caused by the activation of b-3
adreno-receptors [39].

Pharmacokinetics of beta-blockers

Atenolol and metoprolol have a relatively short half-
life and duration of action, which limits their use
with once-daily dosing [31,32]. However, it has been
customary to prescribe atenolol as a once-daily dose,
and this inappropriate use has extended to RCTs.
Unlike atenolol, metoprolol developed as extended-
release succinate formulation, which overcomes this
disadvantage and provides the rationale for once-daily
use [9,25,26].

Solubility characteristics

Beta-blockers differ in lipid solubility.
Hydrophilicity does not appear to have an impact
on efficacy, but it reduces penetration in the brain,
and reduces the likelihood of disturbed dreaming as
an adverse effect.

Prediction of how these differences in beta-
blocker properties might impact efficacy
and safety

These described differences in beta-blockers influence
their BP lowering efficacy, most likely impact cardio-
vascular protection during the treatment of hyperten-
sion, and determine the tolerability profile of
individual agents.

Blood pressure lowering

Short-acting beta-blockers inappropriately prescribed
with once-daily dosing may not provide adequate 24-
hour BP control. The differences in BP control appear
to be subtle and difficult to be detectable in clinical
practice or even in trials. This is not the case for the
reduction in central BP [40]. Thus, there is strong
evidence of a greater reduction in central arterial BP
with direct vasodilator beta-blockers than with other
conventional beta-blockers perhaps due to a lesser
amplification of the pulse pressure wave [34,40]. This
is probably important, and the lesser reduction in
stroke incidence observed in atenolol trials [41] has
been attributed to the lack of a direct vasodilator
action and a smaller reduction in central BP that
characterises the use of the drug.

Cardiovascular protection in hypertension with
elevated heart rate

The choice of beta-blocker in hypertension with ele-
vated heart rate, namely heart rate >80 beats/min [1]
and not necessarily tachycardia, may be critically
important. As discussed, heart rate reduction in those
hypertensive patients with an elevated heart rate has
become a therapeutic target [1]. The heart rate
increase in hypertension is driven by chronic activa-
tion of the cardiac sympathetic outflow [23,24], which
is adverse in other conditions, e.g. chronic kidney dis-
ease [42] and a post-stroke state, and has been linked
with reduced survival in heart failure patients with
reduced ejection faction [43] and in heart failure
patients with preserved ejection fraction [44]. Given
the negative experience from heart failure RCTs, beta-
blockers with intrinsic agonist activity certainly
should be avoided in patients with a heart rate >80
beats/min, as they lower heart rate less than other
beta-blockers [37], and cause some cardiac b-adreno-
ceptor stimulation which maybe also harmful in
patients without heart failure.
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Adverse effects

The side effect profile of the various beta-blockers
relates to individual drug properties. b-1 selective
agents minimise risk of bronchospasm. Non-selective
beta-blockers reduce skeletal muscle blood flow,
increase insulin resistance and can have other adverse
metabolic effects like lowering of HDL cholesterol
and increasing triglycerides. Vasodilator beta-blockers
minimise these adverse effects. Combined alpha-beta
blockers can cause postural hypotension at higher
dose. Risk of excessive heart rate slowing is limited
with sympathomimetic beta-blockers; i.e. pindolol is
frequently used in Australia if beta-blockade causes
bradycardia or Raynaud’s phenomenon.

Contrasting state of knowledge for beta-
blocker treatment of hypertension, and
heart failure

There is no class effect for beta-blockers in heart fail-
ure [29]. Which are good beta-blockers for heart fail-
ure and which are not so good is evident because of
RCTs with several individual drugs. The differences
between individual beta-blocking drugs are such that
there will probably be good and not so good beta-
blockers also for hypertension, but this is not known
with certainty because RCTs have not been performed
for all the different drugs or drugs sub-classes [45].

CCB prescribing in hypertension in the 1990s had
a parallel when there were statements concerning
imagined dihydropyridine CCB risks. These damaging
speculations became quiet when the RCT results
showed benefits. The lesson from this example is not
to draw conclusions without RCTs while for beta-
blockers is not to over-interpret the data from trials
based on some drugs only.

Similarly, for beta-blocker use in hypertension,
there is a need for a new starting point, which
acknowledges that it is unknown whether bisoprolol,
carvedilol, labetalol (not available in Germany due to
potential hepatotoxicity) and nebivolol will prove to
be “good” drugs in hypertension, superior to propran-
olol and atenolol, and equally good as other com-
monly used and RCT documented antihypertensive
drugs. Individual RCTs are ideally required to estab-
lish this point. Meanwhile, we hypothesise that
because their pharmacological properties differ from
those of propranolol and atenolol in a favourable
way, they are most likely better antihypertensive
drugs. This said, a recent large-scale observational
study [46] indicated no differences in the effectiveness
and safety between atenolol and third-generation

b-blockers though an observational study does not
provide a definitive last word on this import-
ant matter.

Beta-blocker treatment was associated with
decreased risk for stroke compared with placebo [45].
However, in RCTs beta-blockers proved to be less
effective in this outcome than other major antihyper-
tensive agents, especially calcium channel blockers.
This large observational study [46] also showed that
all beta-blockers had negative effects on stroke irre-
spective of their characteristics, with the well-known
limitations of an observational study.

No class effect with beta-blocker? Insight into
new pharmacological concept revisiting
old beliefs

The current belief is that an endogenous ligand
(adrenaline) binds to b-adrenoceptor in order to
induce expected cardiovascular effects on both the
heart and vessels. This dogma may falter with the fol-
lowing concepts:

i. Receptors can be activated independently from
the ligand, the so-called ligand-independent acti-
vation. This has until now been known as
inverse agonism. By simply stretching the cardio-
myocyte or vascular wall, b-adrenoceptors can
be activated, and this effect can be modulated by
beta-blockers. Moreover binding of beta-blockers
on the receptor, independent of ligands, can acti-
vate the transduction pathway, thus inducing a
pharmacodynamic effect. This leads to the revo-
lutionary concept that beta-blockers can have
actions independent of a ligand-b-adrenoceptor
mediated effect. Beta-blockers can counteract the
effect of the endogenous ligand by inhibiting its
binding to a b-adrenoceptor but can also per se
induce an effect. This effect could be different
from one beta-blocker to another, again showing
the absence of a class effect. b-Arrestins are ubi-
quitously expressed proteins that mediate G-pro-
tein coupled receptor desensitisation,
internalisation, and ubiquitination. b-Arrestins
are also important intracellular scaffold proteins
that function as signal transducers to initiate sig-
nalling cascades independent of, or collabora-
tively with G proteins downstream of G-protein
coupled receptor activation [47,48]. Carvedilol is
a commonly used beta-blocker displaying biased
signalling properties as a functional antagonist
for G protein-mediated signalling while
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simultaneously functioning as an agonist for
b-Arrestins-mediated signalling. Other b-block-
ers, such as metoprolol and nadolol, function as
classical antagonists for both G protein and
b-Arrestins-dependent signalling [49,50].

ii. G-protein coupled receptors exist within the
membrane as the monomer (classical concept)
but receptors can bind to other receptors from
the same classes building up homodimer (i.e.
beta-1/beta-2 – adrenoceptor) or from differ-
ent classes leading to the formation of the het-
erodimer (i.e. alpha-2 – adrenoceptor/
angiotensin-1 – receptor). These receptors can
be activated through their native ligands but
also independently from ligands through the
mechanisms described above. The same ligand
will not display the same effect when binding
to the native monomer or to a homo/hetero-
dimer. Hence, a beta-blocker agent could acti-
vate a monomer, a homodimer or a
heterodimer and again this varies between
beta-blockers. This could lead to signal alter-
ation or modification.

iii. Heterodimer can lead to a completely different
response from the one expected when the nat-
ural ligands bind to the “classical” receptor.
Hence, according to the presence of one or
another ligand or both ligands the activated
transduction pathway could be completely differ-
ent. Finally, heterodimer like a classical receptor
could be activated in the presence or in the
absence of native ligands, but simple beta-
blocker binding on these receptors could also
induce similar or different effects.

These new pharmacological concepts also show
that beta-blockers can act in a totally different
fashion according to their target and that the con-
cept that beta-blockers only antagonise the effect
of a native endogeneous ligand is not anymore
valid. Beta-blockers represent a highly heterogen-
ous class of drugs with regard to these new phar-
macodynamic properties, beyond classical
characteristics such as selectivity, specificity, and
intrinsic sympathomimetic effects. In a future per-
spective this may help to proceed along the person-
alised therapeutic approach that is now pursued by
current medicine, with particular relevance to
hypertension and heart failure. Finally, these new
pharmacological aspects and mechanisms of action
also suggest that there will probably be a revival of
drugs acting on SNS.

Targeting the sympathetic neural
pathophysiology of hypertension with
beta-blockers

Although RCTs provide the foundational basis for
determining the efficacy and safety of antihyperten-
sive drugs, knowledge of hypertension pathogenesis
and pathophysiology can inform decision-making in
therapy. In another context, knowledge of pathophysi-
ology provided the theoretical underpinning for the
testing and proof of the efficacy of beta-blockers in
heart failure. With this background, the relevance of
the sympathetic neural pathophysiology of hyperten-
sion to beta-blocker therapy needs subse-
quent analysis.

The sympathetic neural pathophysiology of
essential hypertension

SNS activation is common in essential hypertension,
acting to initiate and sustain the BP elevation
[23,24,51–56]. The prevalence of sympathetic activa-
tion depends on age and the severity of the hyperten-
sion, but by the best estimate is present in not less
than 50% of patients [57]. With application of state of
the art methodology, sympathetic nerve recording by
microneurography and the noradrenaline spill-over
technique, the sympathetic activation is involved in
the sympathetic outflows to the heart, kidneys and
skeletal muscle vasculature, but not the sympathetic
outflow to the skin [23,24,52–55]. There is evidence
that the activation of the renal sympathetic outflow is
pivotal in hypertension pathogenesis [58].

The probable contribution of chronic sympathetic
activation to cardiovascular risk, and to clinical
cardiovascular endpoints in hypertension

Persisting activation of SNS can be markedly adverse.
The prime example is cardiac failure but evidence of
a negative prognostic impact is also seen in end-stage
renal disease and in the post-stroke state [58].
Perhaps the same might apply to essential hyperten-
sion, which overall is also characterised by ongoing
SNS activation, although of lower grade than in heart
failure [23,30,54].

Sympathetic activation can be unbundled into its
individual elements:

i. Which organ-specific sympathetic outflows are
stimulated (heart, kidneys?)

ii. What are the firing characteristics of single sym-
pathetic fibres?
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iii. Is sympathetic nerve reuptake of released nor-
adrenaline normal?

When these components of sympathetic activation are
considered, there are differences in SNS biology
between normal weight- and obesity-hypertension
[59]. Activation of the cardiac sympathetic outflow,
coupled with multiple firing of sympathetic fibres
within a cardiac cycle in salvos, and faulty neuronal
noradrenaline reuptake in salvos, most evident in nor-
mal-weight essential hypertension [59], increases the
level of sympathetic stimulation and is believed to
constitute a “toxic trifecta” [60]. What might be the
mechanisms of sympathetic neural cardiovascu-
lar toxicity?

Endothelial damage

Endothelial damage is a progenitor of atherosclerosis,
but it is under debate whether SNS is modulating
endothelial function. In free-moving hypertensive rats,
the vasodilator and pressor effects of removing endo-
thelial influences by L-MNNA were unaffected by
total sympathectomy suggesting no endothelial
dependency on sympathetic activity [61]. However, in
humans, chronic sympathetic activation can cause
damage to the vascular endothelium, as deterioration
in endothelial function with ageing runs in parallel
with the age-related SNS activation [62]. Furthermore,
in young people, multiunit sympathetic nerve firing
in the outflow to the skeletal muscle vasculature of
the leg quantitatively links to measures of endothelial
dysfunction [63]. Conversely, in patients with the
metabolic syndrome, inhibition of sympathetic out-
flow with the imidazoline antihypertensive, moxoni-
dine, reverses endothelial dysfunction [64].

Atherogenesis and arterial distensibility

The most direct evidence that SNS activation contrib-
utes to the development of atherosclerosis is provided
by experimental studies utilising animal models, often
diet-induced, where an inhibitory effect of a regional
sympathectomy on atherosclerosis development in a
particular arterial territory is demonstrated. There
exist several classical studies of this type in rhesus
monkeys fed an atherogenic diet [65], in which surgi-
cal thoracic sympathectomy prevented atherosclerosis
development in the carotid arteries and thoracic aorta.
In addition, data in experimental animals and man
show that SNS reduces arterial distensibility, a stiffen-
ing influence that, by increasing the traumatic effect

of intravascular pressure on the vessel wall, favours
atherosclerosis [58].

Left ventricular hypertrophy (LVH)

The primary contributor to the development of LVH
in essential hypertension is increased left ventricular
impedance, or thoracic electrical bio-impedance,
measured by electrical impedance plethysmography.
An effect additional to this is the trophic action of
SNS on myocardial growth. Noradrenaline stimulates
cardiac myocyte growth in tissue culture. In patients
with essential hypertension, left ventricular mass cor-
relates directly with cardiac sympathetic activity quan-
tified with cardiac noradrenaline spill-over
measurements [66]. This appears to represent a causal
relation, with high cardiac sympathetic activity contri-
buting to LVH, as left ventricular mass is unrelated to
sympathetic outflow to another field, the skeletal
muscle vasculature, measured by microneurography
[65]. The ARB losartan induced a strong regression of
ECG-LVH, but a major regression of ECG-LVH also
appeared with atenolol treatment [5].

Ventricular and atrial arrhythmias

Sympathetic neural mechanisms are most likely to
generate ventricular arrhythmias when coupled with
coronary artery stenosis and myocardial ischaemia,
common in hypertensive patients. This can represent
a triggered phenomenon, deriving from the accentu-
ated, high level of cardiac sympathetic activation
accompanying mental stress or strenuous exercise
[67]. Atrial fibrillation commonly develops in the
course of essential hypertension. The evidence is
strong that atrial fibrillation is often initiated by an
episode of SNS activation [68].

An elevated heart rate in hypertension is a
biomarker of SNS activation

One deficiency in the human cardiovascular neurosci-
ence advances of the past three decades has been the
inability to develop a simple, clinically accessible bio-
marker of SNS activation. In heart failure, this need is
no longer pressing. Ongoing sympathetic activation
exists in heart failure and is detrimental, this being
foundational for the beta-blocking drug testing which
ultimately led to this therapy being included in inter-
national guidelines; no sympathetic nervous bio-
marker is needed in heart failure to guide beta-
blocker therapy. The situation is different in essential
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hypertension, where a need for an easily accessible
sympathetic biomarker exists. An elevated heart rate
in hypertension, which is common, might serve as
such a sympathetic biomarker. Elevated heart rate in
essential hypertension is predictive of reduced survival
[69,70]. Accordingly, testing the mechanism of an ele-
vated heart rate becomes doubly important, to evalu-
ate heart rate as a sympathetic biomarker, and
further, to better understand the mechanism of car-
diac risk conveyed by hypertension tachycardia.

An elevated heart rate in hypertension could derive
from any or all of these: activation of the cardiac
sympathetic outflow, withdrawal of cardiac vagal
activity, high intrinsic heart rate, anxiety and adren-
aline stimulation of the heart. Of note, the importance
of SNS activation in causing hypertension tachycardia
has very recently been established [23,24], in two
independent studies published concurrently. In one,
the sympathetic outflow to the heart was measured
directly with the cardiac noradrenaline spill-over
method [24]. Heart rate and cardiac noradrenaline
spill-over correlated closely, with 67% of the variance
in heart rate being attributable to differences in car-
diac sympathetic activity [24]. In the second study,
heart rate values greater than 80 beats per minute, the
cut-off value in the ESC/ESH guidelines [1], were
linked with increased sympathetic cardiovascular
drive, as assessed by the microneurography method
for measuring the sympathetic outflow to the skeletal
muscle vasculature [23]. In other words, an elevated
heart rate in hypertension is a biomarker for the pres-
ence of SNS activation.

Beta-blockers for heart rate reduction in
hypertension

Resting heart rate is elevated in a substantial pro-
portion of patients with essential hypertension,
particularly young or middle-aged patients with
the mild-to-moderately severe disease having so-
called hyperkinetic circulation [24,71]. This charac-
teristic is not simply an expression of anxiety [24].
An elevated heart rate in essential hypertension is
predictive of reduced survival [69,70]. The 2018
ESC/ESH Guidelines [1] do note that such patients
require control of heart rate with beta-blockade.
Elevated heart rate in hypertensive patients
increases cardiac work and oxygen demand, aug-
ments arterial wall stress, decreases arterial disten-
sibility and facilitates plaque disruption [72].
Taken together, these adverse effects at least partly
explain why increased heart rate represents an

independent risk factor in the hypertensive popula-
tion, associated with an elevated probability of
development of fatal and nonfatal cardiovascular
events, as well as hypertension-mediated
organ damage.

However, the relation of an increased heart rate in
hypertension to cardiovascular risk is likely to be
more complex than this direct interpretation, now
when assured that an elevated heart rate in hyperten-
sion is a biomarker of sympathetic nervous activation
[23,24]. Chronic high-level activation of the cardiac
sympathetic outflow can be a lethality factor [59]. It
is possible that the linking of higher heart rate with
survival in hypertension is to some extent an epiphe-
nomenon, deriving from the underlying toxicity of
chronic sympathetic activation, the latter flagged by
the elevated heart rate [24]. This is an important
point, as it determines whether specific pharmaco-
logical antagonism of SNS is needed in hypertensive
patients with an elevated heart rate, or alternatively,
whether heart rate reduction alone is sufficient, using
a drug such as the if inhibitor ivabradine? We believe
heart rate reduction achieved through beta-adrenergic
blockade is required, this drug class additionally pro-
vides the accompanying benefit of sympathetic antag-
onism, in additional to heart rate slowing.

Prescribing of beta-blockers for disorders
comorbid with hypertension

Most hypertension guidelines give some recognition
to the need to prescribe beta-blockers for illnesses
comorbid with hypertension. Blood pressure lowering
from the beta-blocker then becomes an ancillary/sec-
ondary benefit. For example, the 2018 ESC/ESH
Hypertension Guidelines stated the following recom-
mendations regarding the usage of a beta-blocker [1].
“Beta-blockers have been shown to be particularly
useful for the treatment of hypertension in specific
situations such as symptomatic angina, for heart rate
control, post-myocardial infarction, heart failure with
reduced ejection fraction (HFrEF) and as an alterna-
tive to ACE inhibitors or ARBs in younger hyperten-
sive women planning a pregnancy or of child-bearing
potential.” Additionally, the beta-blocker treatment
appeared in the text describing the prevention and
treatment of atrial fibrillation and in cases of aor-
tic dissection.

The listing of comorbid beta-blocker prescribing in
hypertension guidelines is without exception far less
than the comorbid prescribing which actually exists in
clinical practice, where fully 50 instances are noted
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[73]. The list encompasses cardiac ischaemic diseases
(post-myocardial infarction, angina pectoris, acute
coronary syndromes), heart failure with reduced ejec-
tion fraction, hypertrophic cardiomyopathy, cardiac
arrhythmias (prophylaxis and treatment of atrial fib-
rillation, long QT syndrome, supraventricular tachy-
cardia, ventricular tachyarrhythmias, idiopathic sinus
tachycardia), perioperative dosing (cardiac surgery,
major non-cardiac surgery), non-cardiac vascular dis-
eases (postural tachycardia syndrome -POTS, portal
hypertension and oesophageal varices, dissecting
aneurysm, thoracolumbar aortic aneurysm), general
medical (migraine headache, hyperthyroidism, essen-
tial tremor, glaucoma), and psychiatry prescribing
(panic disorder, post-traumatic stress disorder, per-
formance anxiety, generalised anxiety disorders).

Beta-blocker therapy for HFpEF investigated in
RCTs is almost missing, but the vast majority of
patients with this form of heart failure get beta-
blocker on clinical indications (Table 2). The explan-
ation is likely that most of the patients have hyperten-
sion and large fractions of the patients have
additional coronary heart disease, atrial fibrillation
and diabetes mellitus. On May 5th., this year, a press
release announced that the RCT with the acronym
DELIVER (Dapagliflozin Evaluation to Improve the
Lives of Patients with Preserved Ejection Fraction
Heart Failure) was positive for the primary endpoint.
The sodium glucose cotransporter-inhibitor (SGLT2i),
investigated in the study, prevented both

cardiovascular death and worsening of heart failure
compared to placebo on top of quite extensive ther-
apy with other heart failure medications in 6263
randomised patients with ejection fraction >40%. Of
these patients 89% had a history of hypertension, and
more than half of them had a history of coronary
heart disease and the same for atrial fibrillation. As
many as 76% of these patients were on treatment
with beta-blocker at baseline [74], the most com-
monly used BP lowering drug in these heart failure
patients [75].

Guidelines should represent current clinical prac-
tice, because hypertension comorbidity prescribing of
beta-blocker moves the drug to first-line prescribing,
and depending on the accompanying BP fall, can
mean the beta-blocker comes to replace one or more
of the antihypertensive drugs (ACEi, ARB, diuretic,
CCB) given priority in the guidelines.

Summary and conclusion

Beta-blockers have multiple applications in medi-
cine. Many of the illnesses for which they are pre-
scribed and of documented value commonly coexist
with hypertension. The listing of comorbid beta-
blocker prescribing in hypertension guidelines is
without exception far less than the comorbid pre-
scribing which actually exists in clinical practice,
where fully 50 instances are noted [73]. Guidelines
should better represent this current clinical practice,
because hypertension comorbidity prescribing of
beta-blocker moves the drug to de-facto first-line
prescribing, and depending on the accompanying
BP fall, can mean that the beta-blocker can come to
replace one or more of the antihypertensive drugs
given priority in the guidelines. We have illustrated
this principle in Figure 4 in which treatment of
hypertension with beta-blocker (and of heart failure)
defends a corner in the hexagon of first-line drug
choices [73].

We conclude that these observations, in totality,
inform our opinion that beta-blockers as a group are
an alternative, first choice for hypertension treatment
in clinical practice, and should be recognised as such
in clinical guidelines – again, as illustrated in
Figure 4. We consider bisoprololol, sustained release
metoprolol and nebivolol to be the beta-blockers with
greater selectivity and longer plasma half-life and thus
with advantages that are needed in the treatment of
hypertension and heart failure.

Table 2. Overview of the use of beta-blockers on clinical indi-
cations in the randomised clinical trials of patients with heart
failure with preserved ejection fraction (HFpEF).

Study
acronym Drug class

Placebo group Active compound group

Baseline Study end Baseline Study end

PEP-CHF ACEi 55% 55%
CHARM-PRES ARB 56% 56%
I-PRESERVE ARB 58% 72% 59% 72%
TOPCAT MRA 78% 78%
PARAGON ARNi 80% 80%
EMPEROR-PRES SGLT2i 87% 86%
DELIVER SGLT2i �76% �76%
�Assumes balanced randomisation [74].
PEP-CHF: Perindopril in Elderly People with Chronic Heart Failure;
CHARM-PRES: Candesartan in patients with chronic heart failure and pre-
served left ventricular ejection fraction; I-PRESERVE: Irbesartan in patients
with heart failure and preserved ejection fraction; TOPCAT: Treatment of
Preserved Cardiac Function Heart Failure With an Aldosterone Antagonist;
PARAGON: Prospective Comparison of ARNI with ARB Global Outcomes in
HF with Preserved Ejection Fraction; EMPEROR-PRES: Empagliflozin in
heart failure with a preserved ejection fraction; and DELIVER:
Dapagliflozin Evaluation to Improve the Lives of Patients With Preserved
Ejection Fraction Heart Failure. RCT: randomised clinical trial and HFpEF:
heart failure with preserved ejection fraction. For drug classes ACEi:
angiotensin converting enzyme inhibitor, ARB: angiotensin receptor
blocker, MRA: mineralocorticoid receptor antagonist, ARNi: angiotensin
receptor blocker neprilysin inhibitor and SGLT2i: sodium glucose cotrans-
porter inhibitor.
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