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Abstract

Introduction International guidelines have removed b-blockers from first-line treatment of hypertension, limiting their use
to patients with compelling indications. The position of guidelines stems from the results of studies performed with the 1st
and 2nd generation of b-blockers, which concluded that these drugs have lower cardiovascular protection, compared with
other antihypertensive agents.

Aim The aim of our mini review is to answer to some questions about the effect of b-blockers on hypertension and cardio-
vascular protection and if these effects are different from those of other antihypertensive drugs, particularly in young and
elderly patients.

Methods We evaluated the relevant systematic reviews and meta-analyses, which reported the effectiveness of b-blockers on
blood pressure and cardiovascular outcomes, compared with placebo/no treatment and with other antihypertensive agents.
Results Beta-blockers, decreased high blood pressure with no significant difference from other common antihypertensive
agents. Moreover b-blockers, compared with placebo, lowered the risk of major cardiovascular outcomes, while, compared
with other drug classes, the reported results are very heterogeneous. Therefore it is difficult, globally, to find a difference
between b-blockers and other drug classes.

Conclusions Rather than looking for differences in the cardiovascular protective effect between b-blockers and other antihy-
pertensive agents, we have to consider the different pathophysiology of hypertension in young [sympathetic hyperactivity]
and elderly patients [arterial stiffness, high aortic systolic pressure]. Considering these aspects, non-vasodilating b-blockers
are preferred, as first-line, in young/middle aged hypertensive subjects, while vasodilating b-blockers, are most appropriate,
in elderly patients, for the favourable hemodynamic profile.
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1 Introduction

Hypertension is a leading cause of cardiovascular morbidity
and mortality worldwide. Treatment of elevated blood pres-
sure [BP] decreases the risk of target organ damage, because
the most important benefit of antihypertensive therapy is the
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reduction of blood pressure, until the targets recommended
by several guidelines [1-3]. Globally 10 mmHg reduction of
systolic blood pressure [SBP] or 5 mmHg of diastolic blood
pressure [DBP], are associated with a statistically signifi-
cant reduction of major cardiovascular [CV] events [4-6].
This result can be obtained with all antihypertensive drugs,
regardless of baseline BP values and gender of patients
[7-9]. Diuretics, ACE inhibitors [ACEi], calcium channel
blockers, [CCBs] angiotensin II receptor blockers [ARBs],
and beta-blockers, [b-blockers] have similar antihypertensive
efficacy [1, 10], therefore ESC/ESH current guidelines [1]
recommend that the five major classes of drugs should form
the basis of antihypertensive therapy. However the role of
b-blockers, as initial therapy for hypertension, has been and
remains questioned, because some currently international
guidelines [2, 3, 11] have removed b-blockers from first-line
treatment of hypertension, by restricting their use only in
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patients with previous or concomitant cardiovascular [CV]
disease or, as did NICE guidelines [12], limiting their use to
younger hypertensive subjects, with increased sympathetic
tone. The conflictual position of guidelines stems from the
results of landmark studies [1, 13], performed with the Ist
and 2nd generation of b-blockers, [propranolol, atenolol,
pindolol, metoprolol, oxiprenolol], which have shown a
lower cardiovascular protection, particularly on the risk
of stroke and coronary heart disease [CHD], compared
with other antihypertensive agents. This position has been
reaffirmed by a recent review [14] which concluded that
b-blockers must be used in hypertensive patients with con-
comitant CV disease. However it is important to mention
that the restriction in using b-blockers to treat hypertension
goes against the indications approved by FDA and EMA,
which do not suggest that b-blockers should be used only in
patients with concomitant cardiovascular disease.

Therefore the relationship between b-blockers and hyper-
tension poses still today many doubts and has undefined
aspects.

The aim of our mini review is to answer to 5 questions:

(1) Do b-blockers have an antihypertensive effect?

(2) Is this effect similar to that of other antihypertensive
agents?

(3) Do b-blockers have CV protective effect in hypertensive
patients?

(4) Is the CV protective effect of beta-blockers different
from that of other antihypertensive drugs?

(5) There is a difference on CV protection between young
and elderly patients?

To answer to these questions we used the data of most
relevant systematic reviews and meta-analyses, to avoid the
results of individual studies, which are very heterogeneous.

2 Do Beta-Blockers Have
an Antihypertensive Effect?

Seminal studies have investigated the antihypertensive effi-
cacy of b-blockers in patients with mild-moderate hyper-
tension [1, 13]. These studies have been included in well
performed large meta-analyses [10, 13, 15-17] that have
proven that b-blockers, albeit some differences between
studies, lowered SBP by an average of 9.2—-18.0 mmHg and
DBP by 5.6-11.0 mmHg, compared with placebo or no treat-
ment. Similar magnitude has been confirmed by a recent
meta-analysis [18] that demonstrated — 10.0/— 8.0 mmHg
change in SBP and DBP.

The antihypertensive effectiveness of b-blockers is par-
ticularly evident with b1-selective antagonist [16] and with
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vasodilating b-blockers [19-21], while it seems to be lower
with non-selective, or with partial agonist activity [16, 22].

Therefore, globally, there is evidence that treatment
with b-blockers, significantly decrease BP in hypertensive
patients, supporting the indication approved by FDA and
EMA.

3 Is this Effect Similar to that of Other
Antihypertensive Agents?

Many reviews and meta-analyses have shown not statistically
significant difference in SBP/DBP [0.6—1.4/0.3—0.6 mmHg]
between b-blockers and other BP lowering drugs [5, 18]. In
particular the difference in SBP/DBP, between b-blockers
and CCBs [+ 1.0/4+ 0.7 mmHg], RAS inhibitors [+ 0.8/— 0.5
mmHg] and diuretics [+ 0.6/— 0.2 mmHg], has no clinical
relevance.

Therefore there is evidence that the efficacy of b-blockers
is no different from the common antihypertensive drugs and
are, therefore, clinically beneficial in hypertensive patients.

4 Have Beta-Blockers a Cardiovascular
Protective Effect in Patients
with Hypertension?

To evaluate the [CV] protective effect of beta-blockers we
have analyzed meta-analyses and reviews which reported
the comparison with placebo or no treatment. The relative
risk and the 95% confidence interval [CI] for the assessed
outcomes is reported in Table 1.

Stroke: eight meta-analyses [5, 13, 15, 17, 18, 23-26]
have proven that treatment with b-blockers was associated
with 17-27% lower risk of stroke.

Total CV events: b-blockers decreased the risk of car-
diovascular events by 11-14% [17, 24], but no signifi-
cant difference was found with atenolol [25] and in old
patients [24].

CHD: although not different from placebo [5, 13, 15, 17,
18], the risk showed a trend in favor of b-blockers [17,
18], considering that the upper border of CI was very
near tol.

MI: the rate of MI was lowered by 20% [26] or was not
different from placebo [24, 25].

HF: the rate of HF was reduced by 43-46% [15, 18].
CV mortality: the risk of CV mortality was decreased
by 23% [15] or there was no significant difference [13,
18, 26]

Composite outcome: stroke + CHD, and stroke + CHD
+ HF were significantly decreased by 16% and 22%,
respectively [18].
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Table 1 Beta-blockers compared with placebo or no treatment.

Author Stroke Tot.CV events CHD MI HF CV death All cause death

Wisonge (2017) 0.80 [0.66— 0.88 [0.79- 0.93 [0.81- 0.93 [0.80— 0.99[0.88-1.11]

0.96] 0.97] 1.07] 1.09]

Wright (2018)  0.83 [0.72— 0.89 [0.81- 0.90 [0.78- 0.96 [0.86-1.07]
[17] 0.97] 0.98] 1.03]

Tomopoulus 0.73 [0.58- 0.88 [0.77- 0.54 [0.39- 0.77 [0.60— 0.87[0.74-1.02]
(2015) 0.91] 1.01] 0.76] 0.99]

Tomopoulus 0.77 [0.61- 0.88 [0.77- 0.57 [0.35- 0.84 (0.68— 0.95 [0.84-1.06]
(2020) 0.97] 1.01] 0.91] 1.04)

Wei (2020) [26] 0.80 [0.67— 0.83 [0.70- 0.80 [0.65— 0.99 [0.87-

0.98] 0.98] 0.90] 1.13]

Kuyper (2014)  0.78 [0.63— 0.89 [0.75- 0.98 [0.83— 0.91 [0.74-1.12]
[25] [atenolol]  0.98] 1.05] 1.16]

Kuyper (2014)  0.84 [0.65— 0.86 [0.75- 0.86 [0.71- 0.94 [0.79-1.11]
[25] [non- 1.10] 0.99] 1.03]
atenolol]

Khan [young] 0.84 [0.65— 0.86 [0.74— 0.85[0.71- 1.05 [0.72— 0.94 [0.79-1.10]
(2006) [24] 1.10] 0.99] 1.03] 1.54]

Khan [old] 0.78 [0.63— 0.89 [0.75- 0.98 [0.83— 0.54 [0.37- 0.91 [0.74-1.12]
(2006) [24] 0.98] 1.05] 1.16] 0.81]

Law (2009) [5]  0.83 [0.70-0.99] 0.89 [0.78-

1.02]

Relative Risk [95% Confidence Interval]

CHD Coronary heart disease, MI Myocardial infarct, HF heart failure, CV cardiovascular

All cause of death: no significant difference

Globally, albeit some differences between the meta-anal-
yses, b-blockers, compared with placebo, lowered the risk
of major CV outcomes, particularly stroke, which has been
the major reason for the retrogression of these drugs from
first-line treatment of hypertension.

5 Is the Cardiovascular Protective
Effect of Beta-Blockers Different
from that of Other Antihypertensive
Drugs?

Seven meta-analyses [5, 13, 15, 18, 25, 27, 28] have evalu-
ated the difference between b-blockers and other antihyper-
tensive drugs (Table 2).

Stroke: the risk of stroke was not significantly different
from diuretics, atenolol and non-atenolol [13, 23, 25],
but it was increased by 18-32%, comparing b-blockers
with RAS inhibitors, CCBs and other treatments [5, 13,
15,27, 28].

Total CV events: the rate of total CV events resulted not
significantly different between b-blockers, diuretics, RAS
inhibitors, and other active treatments [15, 25], whereas it

was increased by 18% comparing b-blockers with CCBs
[13].

CHD: there was no difference in the risk between
b-blockers, diuretics, CCBs, RAS inhibitors and other
treatments [5, 13].

MI: the rate were similar between b-blockers, RAS inhib-
itors and other active treatments [18, 25, 28]. However in
patients treated with non-atenolol b-blockers, there was
a trend to decrease the risk of MI by 14%, compared with
other drugs [25].

HF: no significant difference comparing b-blockers with
RAS inhibitors, CCBs or other antihypertensive com-
pounds [18, 23, 28].

CV mortality: no significant difference between b-block-
ers, diuretics, CCBs, RAS inhibitors and other antihyper-
tensive agents [13, 18, 23, 25].

Therefore the cardiovascular protective effect of b-block-
ers, compared with other drug classes, shows a great vari-
ability, because not all the meta-analyses assessed the same
outcomes and did same comparisons, only the risk of stroke
has been evaluated in all the meta-analyses, reported in our
review, and also for this outcome the results are not homo-
geneous. Thus it is difficult to answer to the question as to
whether one class of drugs is superior or not in protecting
hypertensive patients from cardiovascular risk.
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Table 2 Beta-blockers compared with other antihypertensive agents.

Author Stroke Tot CV events CHD MI HF CV death All cause death
Wisonge (2017) 1.17 [0.65— 1.13 [0.99— 1.12 [0.82— 1.09 [0.90— 1.04 [0.91-1.19]
2.09] 1.28] 1.54] 1.32] BbvsD
BbvsD BbvsD BbvsD BbvsD
1.24[1.11-1.4] 1.18 [1.08- 1.05 [0.96— 1.15[0.92— 1.07 [1.0-1.14]
Bb vs CCBs 1.29] 1.15] 1.46] b vs CCBs
Bb vs CCBs Bb vs CCBs Bb vs CCBs
1.30 [1.11, 1.00 [0.72— 0.90 [0.76— 1.09 [0.92— 1.10 [0.98-1.24]
1.53] 1.38] 1.06] 1.29] Bb vs RAS
Bb vs RAS Bb vs RAS Bb vs RAS Bb vs RAS
Law (2009) [5] 1.18 [1.03- 1.04 [0.92—
1.36] 1.17]
Bb vs others Bb vs others
Thomopoulos 1.25[1.11- 1.04 [0.95— 1.04 [0.80— 1.17 [0.93— 1.08 [0.98-1.18]
(2015) 1.40] 1.14] 1.34] 1.48] Bb vs CCBs
Bb vs CCBs Bb vs CCBs Bb vs CCBs Bb vs CCBs
1.32 [1.13—- 0.92 [0.78- 1.04 [0.85— 1.10 [0.80—- 1.08 [0.95-1.24]
1.54] 1.08] 1.28] 1.50] Bb vs RAS
Bb vs RAS Bb vs RAS Bb vs RAS Bb vs RAS
0.85[0.58— 0.93 [0.75- 0.76 [0.47- 1.03 [0.77- 0.99 [0.86-1.15]
1.25] 1.16] 1.24] 1.38] BbvsD
BbvsD BbvsD BbvsD BbvsD
Chen (2018) 0.75 [0.63— 0.88 [0.80— 1.05 [0.86— 0.95[0.76— 0.89 [0.78-1.01]
[28] 0.88] RAS 0.98] 1.27] 1.18] RAS vs Bb
vs Bb RAS vs Bb RAS vs Bb RAS vs Bb
Thomopoulos 1.21 [1.07- 1.02 [0.93— 1.05 [0.94— 1.06 [0.93— 1.06 [1.01-1.12]
(2020) 1.38] 1.12] Bb vs 1.17] 1.21]
Bb vs others others Bb vs others Bb vs others
Zhu (2022) [27] 0.77 [0.67- 0.84 [0.77- 0.90 [0.79— 0.83 [0.67— 0.90 [0.81- 0.94 [0.88-1.00]
0.88] CCBs 0.92] CCBs 1.02] 1.04] 0.99] CCBs vs Bb
vs Bb vs Bb CCBs vs Bb CCBs vs Bb CCBs vs Bb
Kuyper (2014)  1.07 [0.94— 1.05 [0.99—- 1.07 [0.98— 1.04 [0.98-1.11]
[25] 1.23] 1.12] 1.17] Atenolol vs
Atenolol vs Atenolol vs Atenolol vs others
others others others
1.19 [0.66— 0.99 [0.88— 0.86 [0.73— 0.99 [0.82—
2.14] 1.11] 1.01] 1.21]
non-atenolol vs  non-atenolol vs non-atenolol vs non-atenolol vs
others others others others

Relative Risk [95% Confidence Interval]

Bb beta-blockers, D Diuretics, CCBs Calcium channel blockers, RAS Renin Angiothensin System inhibitors, CHD coronary heart disease, M/
myocardial infarct, HF heart failure, CV cardiovascular

6

Is the Cardiovascular Protection
of b-blockers Different in Young and Old
Hypertensive Patients?

Four meta-analyses (Table 3) reached opposite conclusions.

(a)

The first [24] has shown that in young patients [< 60
years] b-blockers, compared with placebo (Table 1),
significantly decreased the composite cardiovascu-
lar outcome [MI, stroke and death] by 14%, whereas
compared with other antihypertensive treatments there
was no difference in all CV events (Table 3). In elderly
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(b)

©

[> 60 years] patients, indeed, comparing b-blockers
with placebo (Table 1), there was a significant 22% and
46% reduction of stroke, and HF, respectively, whereas
compared with other antihypertensive agents, b-block-
ers were associated with a no significant difference in
the composite cardiovascular outcome [MI, stroke and
death], but with 18% increased risk of stroke (Table 3).
The second [29], instead, has shown no significant dif-
ference in cardiovascular events between younger [age
< 65 years] and elderly [> 65 years] subjects.

The third [25] reported (Table 3) that both in elderly
and young patients there was no significant difference
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Table 3 Beta-blockers compared with other antihypertensive agents in patients younger [<60 years] and older [> 60 yrs]

Author

Stroke

Tot CV events

MI

HF CV death

All cause death

Khan (2006) [24]
[<60 yrs]

Khan (2006) [24]
[>60 yrs]

Turnbull (2008) [8]
[<65 yrs]

Turnbull (2008) [8]
[> 65 yrs]

Kuyper (2014) [25]
[<60 yrs]

Kuyper (2014) [25]
[>60 yrs]

Kuyper (2014) [25]
[<60 yrs]

Kuyper (2014) [25]
[>60 yrs]

Bangalore (2008)
[30] [<60 yrs]
Bangalore (2008)
[30] [>60 yrs]

0.99 [0.67-1.44]
Bb vs others

1.18 [1.07-1.30]
Bb vs others

0.78 [0.64-0.95]
atenolol vs others

1.17 [1.05-1.30]
atenolol vs others
0.90 [0.24-3.39]
non-atenolol

vs others

1.22 [0.99-1.50]
non-atenolol

vs others

0.78 [0.65-0.94]
Bb vs others
1.19[1.11-1.28]
Bb vs others

0.97 [0.88-1.07]

Bb vs others

1.06 [1.01-1.10]

Bb vs others

1.03 [0.88-1.20]

ACEi or CCBs vs
Bb

0.94 [0.84-1.06]

ACEi or CCBs vs
Bb

0.96 [0.85-1.07]

Atenolol vs others

1.07 [1.00-1.15]

atenolol vs others

1.02 [0.81-1.28]

non-atenolol vs
others

0.98 [0.86-1.12]

non-atenolol vs
others

0.97 [0.86-1.10]
Bb vs others

1.06 [0.94-1.20]
Bb vs others

1.05 [0.89-1.24]

atenolol vs others

1.07 [0.96-1.20]

atenolol vs others

0.87 [0.67-1.11]

non-atenolol vs
others

0.85 [0.69-1.05]

non-atenolol vs
others

1.01 [0.88-1.17]

Bb vs others

1.03 [0.96-1.10]

Bb vs others

0.93 [0.64-1.34]
Bb vs others

0.98 [0.87-1.11]
Bb vs others

1.06 [0.86-1.31]
Bb vs others

1.05[0.98-1.12]
Bb vs others

0.97 [0.83-1.14]
Bb vs others

1.05 [0.99-1.11]
Bb vs others

0.94 [0.72-1.24]

atenolol

vs others

1.05 [0.98-1.11]

atenolol vs others

0.81 [0.39-1.68]

non-atenolol vs
others

1.06 [0.82-1.39]

non-atenolol

vs others

0.98 [0.85-1.13]

Bb vs others

1.03 [0.99-1.08]

Bb vs others

Relative Risk [95% Confidence Interval]

Bb beta-blockers, CCBs Calcium channel blockers, ACEi ACE inhibitors, CHD coronary heart disease, MI myocardial infarct, HF heart failure,

CV cardiovascular disease

(d)

between non atenolol b-blockers in all CV outcomes,
compared with other treatments. On the contrary in
young subjects [< 60 years], atenolol, compared with
other treatments, decreases the risk of stroke by 22%,
but, instead, it increased by 17% in elderly patients
[> 60 years].

The forth meta-analysis [30] proved that in subjects
< 60 years of age the risk of stroke decrease by 32%,
whereas it increased by 19% in subjects > 60 years,
comparing b-blockers with other drugs. No significant
changes were reported in other outcomes.

7 Discussion

The results of our overview can be summarized as following:

(a)

in patients with hypertension, b-blockers, compared
with placebo, decrease SBP/DBP, proving to have an
antihypertensive effect;

(b)
(c)

()

the antihypertensive activity of b-blockers is not differ-
ent from that of CCBs, RAAS inhibitors and diuretics;
compared with placebo, b-blockers, including atenolol,
generally lower the risk of stroke, total cardiovascu-
lar events, heart failure, but not significantly coronary
heart disease, myocardial infarct, cardiovascular mor-
tality and all cause of death;

several clinical trials and meta-analyses have evaluate
as to whether one class of antihypertensive agents is
superior to b-blockers in decreasing the risk of cardio-
vascular events. The results have been variable and con-
troversial, therefore we are obliged to navigate between
Scylla and Charybds. The pioneering studies [1, 13]
have been performed with different protocols, statisti-
cal procedures, mean follow-up periods, cardiovascular
outcomes, blood pressure targets and using traditional,
blselective b-blockers, especially atenolol. Therefore
the comparison of b-blockers with other antihyperten-
sive agents could be misleading. Atenolol, does not
provide a 24 h blood pressure reduction, because its
short half-life [6-9 h]; moreover once-daily dosing
does not control blood pressure variability and, particu-
larly, morning blood pressure surge [31, 32], which is
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correlated with cerebrovascular events [33, 34]. How-
ever, whether atenolol or all b-blockers are involved in
the low capacity to protect hypertensive patients from
stroke and other cardiovascular events, is not yet well
clarified, because head to head comparison between
different b-blockers is lacking. A meta-analysis [25],
evaluated the effect of studies performed with atenolol
and non-atenolol, b-blockers on the risk of cardiovas-
cular outcomes. Atenolol, differently from non-atenolol
b-blockers, decreased the risk of stroke compared with
placebo or with other antihypertensive agents only in
young people [< 60 years], whereas the risk increased
in elderly [> 60 years] patients. Non atenolol b-block-
ers were, instead, associated with no significant differ-
ence in all the cardiovascular outcomes, in young and
elderly patients.

Therefore these findings, even not confirmed by other
studies, raise doubts about the negative role of atenolol on
the incidence of stroke and other cardiovascular outcomes,
also because in the subgroup analysis of INVEST [35] and
in CONVINCE trials [36] there was no significant difference
in the composite outcomes between verapamil and atenolol
treatment strategy.

In our opinion, rather than looking for differences in car-
diovascular protective effect between b-blockers and other
drug classes, we have to keep in mind the following important
aspects: the underlying pathophysiology of hypertension and
the age of patients. The pathophysiology of hypertension in
elderly and young subjects is very different. In young subjects
hypertension is characterized predominantly by the hyperac-
tivity of sympathetic nervous system [37, 38] with increased
heart rate, inotropic cardiac activity and peripheral vascular
resistance. In these patients, b-blockers, decrease cardiac
output, heart rate, modulate sympathetic outflow, and lower
renin secretion from the juxtaglomerular cells [37-39]. This
approach is in agreement with the last NICE guidelines [12]
which suggest b-blockers as first-line in young patients. On the
contrary, in elderly patients hypertension is related to vascular
aging, structural and functional changes of arteries properties,
and consequently arterial stiffness, and increase central aortic
systolic blood pressure [40—42]. High central aortic systolic
blood pressure is associated with increased risk of CV events
[40, 43]. Therefore central aortic BP have to be considered a
therapeutic target in elderly patients with hypertension. Beta-
blockers are an heterogeneous class of drugs, that, for the
pharmacological properties are classified as selective betal
receptors antagonists, (e.g., acebutolol, atenolol, bisoprolol,
metoprolol, nebivolol), and non- selective betal receptors
antagonists (e.g., propranolol, carvedilol, labetalol, oxpre-
nolo, pindolol). Some of these b-blockers display also partial
intrinsic sympathomimetic activity (e.g., pindolol, acebuto-
lol, oxprenolol, celiprolol), or vasodilating effect by blocking
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al-vascular receptors (carvedilol, labetalol) or by increasing
endothelial nitric oxide bioavailability (nebivolol) [44]. Non
vasodilating b-blockers does not decrease central aortic sys-
tolic pressure [45—-48], therefore are not indicated in elderly
hypertensive patients. This aspect has been well documented
in a systematic reviews [24, 25] and other studies [49, 50],
comparing young and elderly subjects with hypertension. Evi-
dence from different studies have demonstrated that new 3rd-
generation b-blockers with vasodilating activity, [carvedilol,
nebivolol, celiprolol], decrease central aortic systolic pressure,
augmentation index [AIx], peripheral vascular resistance and
cardiac afterload, without affecting cardiac output, therefore,
are particularly indicated in elderly patients [47, 51-53]. In
addition several studies have reported that carvedilol and
nebivolol decrease the risk of cardiovascular events and hos-
pitalization [54-56].

8 Conclusions

In conclusion the findings of our review suggest that the anti-
hypertensive effect of b-blockers is not different, compared
with other antihypertensive agents. Furthermore b-blockers
compared with placebo or no treatment decrease the risk of
cardiovascular events. The results of studies which compared
b-blockers with other drug classes, are not homogeneous for
several reasons, and particularly because most early studies
have enrolled, especially, elderly patients which were treated
mainly with atenolol. The pathophysiology of hypertension
suggest that non vasodilating 3-blockers are preferred, as first-
line, in young/middle aged hypertensive patients (< 60 years),
to decrease sympathetic hyperactivity and consequently high
BP, while vasodilating b-blockers, are most appropriate, as
first choice, in elderly patients (> 60 years), for the favourable
hemodynamic profile. To achieve BP goal, both type b-block-
ers can be combined with other antihypertensive drugs, with
complementary pharmacological activity.
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