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Real-world efficacy and safety of nebivolol in Korean
patients with hypertension from the BENEFI'T
KOREA study
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Young Youp Kohf, Giuseppe Mancia?, Athanasios J. Manolis",

Hyuck-Jun Yoon', and Sang Won Park’

Objective: The efficacy and safety of nebivolol in patients
with hypertension is well established, but its effect in Asian
patients with essential hypertension in the real world has
not been studied.

Methods: Adult South Korean patients with essential
hypertension, with or without comorbidities, were enrolled
to participate in this prospective, single-arm, open,
observational study; 3011 patients received nebivolol either
as monotherapy or add-on therapy. Changes in SBP, DBP
and heart rate (HR) at 12 and 24 weeks were evaluated.
Subgroup analysis for BP changes in newly diagnosed (de
novo) patients and those receiving other antihypertensives
at study entry were also conducted.

Results: Nebivolol significantly decreased mean SBP and
DBP at 12 and 24 weeks compared with baseline
(P<0.0001). A significant reduction in HR was also
observed at 12 and 24 weeks (P< 0.0001). The reductions
of SBP and DBP were notably greater when nebivolol was
used as monotherapy in de novo patients (P< 0.0001) and
as add-on therapy to existing antihypertensives
(angiotensin Il receptor blockers, angiotensin-converting
enzyme inhibitors and calcium channel blockers;
P<0.0001). Majority of the reported adverse events were
mild; the most common adverse events were dizziness
(1.3%), headache (1.0%) and dyspnea (0.9%).

Conclusion: Despite the limitations associated with
observational studies, this real-world study in Asian
patients with essential hypertension with and without
comorbidities, demonstrated the efficacy and safety of
once daily nebivolol, either as monotherapy or add-on
therapy.

Clinical trial registration number: NCT 03847350.
SDC Callout: Video Abstract, http:/links.l\ww.com/HJH/
B172

Keywords: add-on therapy, Asian, combination therapy,
essential hypertension, monotherapy, nebivolol

Abbreviations: ACEl, angiotensin-converting enzyme
inhibitor; ADR, adverse drug reaction; ARB, angiotensin |I
receptor blockers; BP, blood pressure; CCB, calcium
channel blocker; ESC, European Society of Cardiology;
ESH, European Society of Hypertension; HR, heart rate;
RAS, renin—angiotensin system; RCT, randomized
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controlled trial; SADR, serious adverse drug reaction; SAE,
serious adverse event; SD, standard deviation

INTRODUCTION

ypertension, characterized by persistent high
H blood pressure (BP), is the most common modifiable

risk factor for all-cause mortality and morbidity
worldwide, and is associated with an increased risk of cardio-
vascular events and kidney disease [1,2]. Worldwide, approx-
imately one in four adults has hypertension [2]. Raised BP is
also increasing in trend in Asia, particularly in low-income and
middle-income countries; three quarters or more of the rise is
attributable to population growth and aging (3], as well as
adoption of unfavorable lifestyles [4]. In Korea, although age-
standardized mean BP levels and the prevalence of hyperten-
sion has showed minimal changes over the last 10 years, the
number of people with hypertension has been increasing
from 7.6 million in 1998 to over 11 million in 2016 [5].
Management of hypertension constitutes nonpharmaco-
logical (lifestyle modification) and pharmacological interven-
tions, which include different classes of antihypertensive
medications given as monotherapy or combination therapy
[6]. The 2018 European Society of Cardiology (ESC)/European
Society of Hypertension (ESH) hypertension guidelines state
that all five major classes of antihypertensive drugs
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[angiotensin-converting enzyme inhibitors (ACEIs), angioten-
sin II receptor blockers (ARBs), beta-blockers, calcium chan-
nel blocker (CCBs) and diuretics] are equally effective; some
are preferred or less preferred depending on specific clinical
conditions [6]. The ESC/ESH guidelines recommend the use of
beta-blockers as an add-on for the treatment of hypertension
in specific conditions, including for heart rate control, symp-
tomatic angina, postmyocardial infarction, heart failure with
reduced ejection fraction, and as an alternative to ACEIs or
ARBs in younger women with hypertension who are planning
pregnancy or of child-bearing potential [6]. However, the use
of beta-blockers as monotherapy or in combination with other
agents for initial therapy in hypertension has not been sup-
ported, primarily because of unfavorable outcomes observed
in studies with once-daily atenolol (a nonvasodilating, sec-
ond-generation beta blocker) in combination with thiazide
diuretics [4,7]. Nonvasodilating beta-blockers have suboptimal
effect in controlling BP, a reduced effect on left ventricular
hypertrophy, and unfavorable hemodynamics and metabolic
effects [8]. In contrast, third-generation beta-blockers — car-
vedilol, labetalol and nebivolol — have vasodilatory properties
and demonstrate a more favorable effect on metabolic and
hemodynamic parameters, with fewer side effects [4,9,10].

Nebivolol is a third-generation vasodilatory B1-adrener-
gic receptor antagonist, which induces nitric oxide-medi-
ated vasodilatory effects via B3 receptor agonism [11].
Nebivolol has been shown to have similar or better treat-
ment response and BP control compared with other anti-
hypertensives or their combinations, with significantly
better tolerability [11]. Nebivolol was also effective in
reducing SBP and DBP in patients with hypertension as
an add-on to or as a fixed-dose combination with other
antihypertensive agents [12—17]. Furthermore, in patients
with hypertension with comorbidities, nebivolol has been
reported to be lipid neutral, did not produce detrimental
metabolic effects, and demonstrated a potentially positive
effect on HDL cholesterol [18—20].

Although the efficacy and safety of nebivolol in patients
with hypertension is well established, its effect in a primar-
ily Asian population has not been investigated in a large-
scale study so far. The BENEFIT KOREA study (BEnefits
after 24 weeks of NEbivolol administration For essential
hypertenslon patients wiTh various comorbidities and
treatment environments in KOREA) evaluated the efficacy
and safety of nebivolol in Asian patients with essential
hypertension in a real-world setting. In this article, we
present some of the results from this study.

METHODS
Study design and participants

This open, noncomparative, noncontrolled, prospective,
single-arm, multicenter, observational study was conducted
at 66 sites in South Korea from 1 July 2015 to 23 March 2017.
The study was conducted in accordance with the ethical
principles that have their origins in the Declaration of
Helsinki. All enrolled patients provided written informed
consent prior to undergoing any study-related procedure.
The study protocol and relevant documentation were
approved by Institutional Review Board/independent
ethics committee(s).
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Male and female patients aged 19 years or older diag-
nosed with essential hypertension (previously or at study
entry) who had signed the written informed consent form
for their voluntary participation were eligible to participate
in the study. These patients could be newly diagnosed at
study entry and not receiving any antihypertensives, or
previously diagnosed and receiving other antihypertensive
medications, could switch one of the antihypertensive
medications to nebivolol or use nebivolol as an add-on
therapy. Patients were not included if they had hypersensi-
tivity to nebivolol substance; a history of bronchospasm or
bronchial asthma; metabolic acidosis; bradycardia [heart
rate (HR) <60 bpm); second-degree and third-degree atrio-
ventricular block; acute heart failure, cardiogenic shock, or
episodes of decompensated heart failure requiring intra-
vascular inotropic therapy; uncontrolled severe heart fail-
ure; hypotension (SBP <90 mmHg); severe peripheral
circulatory disturbances; sick sinus syndrome including
sinoatrial block; untreated pheochromocytoma; hepatic
insufficiency; impaired liver function; chronic heart failure
who had severe renal insufficiency (serum creatinine
>250 wmol/D; rare hereditary problems of galactose intol-
erance, the Lapp-lactase deficiency or glucose—galactose
malabsorption; were pregnant women or nursing mothers;
or had participated in other clinical trial within the last 3
months. Concomitant therapy of nebivolol with calcium
channel antagonists (verapamil HCL, diltiazem), class I
antiarrhythmic (quinidine, hydroquinidine, cibenzoline,
flecainide, disopyramide, lidocaine, mexiletine, propafe-
none), and centrally acting antihypertensives (clonidine,
guanfacine, moxonidine, methyldopa, rilmenidine) was
prohibited during the study period.

Assessments were recorded at three patient visits during
the study period — baseline visit (0 week), and follow-up
visits at 12 (£ 2) and at 24 (& 2) weeks. At the baseline visit,
the captured parameters included demographics (age, sex,
height, weight, waist size), medical history (past medical
history and present medical history within 6 months),
history of previous antihypertensive drugs, administrative
status of nebivolol, concomitant medications, blood param-
eters [glucose (HbAlc and fasting blood sugar), total cho-
lesterol, triglyceride, HDL cholesterol, LDL cholesterol, and
other tests when done], and BP measurement. Of the
laboratory test results collected, the values assessed as
adverse events were recorded in the safety analysis. At
follow-up visits, weight and waist size, administrative status
of nebivolol, concomitant medications, laboratory tests, BP
measure and safety assessment were documented.

Measurement of blood pressure, pulse rate and
heart rate

BP measured based on guidelines from Korean Society of
Hypertension [10], was in accordance with the ESC/ESH
guidelines. All participating centers were checked for com-
pliance and the settings for BP measurement at the initiation
meeting. BP was measured when patients were in stable
state with 5min rest. The mean seated cuff BP was mea-
sured twice within 1-min interval using upper arm sphyg-
momanometer; either manual or automated device was
permitted. BP measurements were recorded and presented
as an average of two measurements. Pulse rate reading
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generated by automated device or pulse rate measured for
15s before manual measurement multiplied by 4 were
regarded as the pulse rate per minute. HR was measured
by electrocardiography.

Selection and timing of treatment dose for each patient
was conducted in compliance with routine medical prac-
tice. The decision to switch therapy, and the equivalent
drug and dosage for switching was determined by physi-
cian discretion to achieve better BP control or because of
side effect of the existing drugs (range 1.25—-10mg; indi-
cated therapeutic dose of nebivolol is 5mg once-daily).

Study outcomes

The primary efficacy end point in the BENEFIT KOREA study
was change in SBP and DBP after 12 and 24 weeks of
nebivolol treatment as monotherapy or add-on therapy.
The secondary efficacy end points presented here are change
from baseline in pulse rate and HR after 12 and 24 weeks
compared with baseline. Other secondary end points, which
were assessed are not presented in this article. Additionally,
we performed a subgroup analysis of the primary efficacy in
subpopulations of patients who were newly diagnosed with
essential hypertension at study entry (de novo); taking other
monotherapy antihypertensive at study entry who switched
to nebivolol during the study (monotherapy switch); taking
one or two other antihypertensives [including CCBs, RAS
blockers (ARBs or ACEIs) and diuretics] at study entry who
received add-on nebivolol during the study (add-on ther-
apy). Post hoc subgroup analysis of the primary efficacy was
also done based on age, sex and baseline BMI. Safety was
assessed by recording adverse events and monitoring vital
signs (excluding body temperature and respiratory param-
eters) at each visit.

Statistical analysis

Assuming a standard deviation (SD) in mean SBP change
from baseline after 6 months of treatment to be 8.27 based
on the width of the 95% confidence interval on paired ¢ test

Nebivolol efficacy in Korean patients

of 0.56 (£0.28) at a 5% significance level, it was estimated
that a sample size of 3352 participants would be needed.

The safety set was defined as all participants who were
administered nebivolol and underwent follow-up at least
once during the study period. Efficacy parameters were
analyzed in the efficacy set defined as all participants from
the safety set who also had efficacy assessment data at 12 or
24 weeks.

All statistical analyses were performed using SAS version
9.4 (SAS Institute Inc., Cary, North Carolina, USA). Quanti-
tative data were statistically analyzed using paired t-test.

RESULTS

Participants disposition and baseline
characteristics

Data for 3250 participants was available from 66 sites across
South Korea; data for 3140 participants was included in the
safety population. From the safety population, 129 partic-
ipants whose SBP and DBP were not recorded at baseline or
at 12 (& 2 weeks) or 24 weeks (£ 2 weeks) were excluded,
resulting in 3011 participants included in the efficacy pop-
ulation (Fig. 1). Of the 3250 total participants, 3011 (92.7%)
completed the study (Fig. 1.

Baseline demographic and clinical characteristics of the
safety population are summarized in Table 1. The mean age of
study participants was 63.5 £ 12.9 years; 52.7% of the partic-
ipants were at least 65 years old and 40.4% were women.
Among the study participants, 96.1% had cardiocerebrovas-
cular risk factors of which 50.5% had dyslipidemia and 28.9%
had diabetes mellitus (Table 1); 89.1% had past medical
history, and 77.8% were receiving concomitant treatment with
other antihypertensives (Table 1); and 83.0% also took other
concomitant medications including antihyperlipidemic agents
(65.7%), anticoagulants, antiplatelet and thrombolytic agents
(61.4%) and drugs for angina pectoris (32.4%).

The mean total treatment duration of nebivolol was
172.54+46.4 days. The mean daily treatment dose of

Case report collected

Participants receiving this study
medication before signing informed

(N=3,250) consent
——— (N=9)
Participants receiving no study
medication
(N=3)
Failure to record adverse events
(N=91)
Participants who violated
Safety population inclusion/exclusion criteria
(N=3,140; 97%) (N=7)
Participants whose SBP and DBP
were not recorded at baseline or at
12 weeks or 24 weeks
(N=129)
FIGURE 1 Patient disposition BENEFIT KOREA study.
Journal of Hypertension www.jhypertension.com 3
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TABLE 1. Baseline demographic characteristics of BENEFIT
KOREA study participants (safety population)

Variable Total
Male [N (%)] 1871 (59.6)
Age, years [mean (SD)] 63.5(12.9)

Less than 65 years [N (%)] 1485 (47.3)
Cardiocerebrovascular risk factors present [N (%)] 3017 (96.1)
Details on cardiocerebrovascular risk factors

Male > 45 years; female > 55 years 2707 (89.7)

Current smoker 472 (15.6)

BMI at least 25 kg/m?, or waist circumference 1128 (37.4)

>90cm (male) or >80cm (female)

Dyslipidemia 1524 (50.5)

Impaired fasting glucose or glucose tolerance 57 (1.9

Family history of early cardiocerebrovascular 153 (5.1)

disease (male <55 years, female <65 years)

Diabetes mellitus 872 (28.9)
Medical history present [N (%)] 2798 (89.1)
Details on medical history

Diseases of circulatory system

Coronary artery diseases (angina pectoris 1449 (51.8)
or myocardial infarction)

Heart failure 275 (9.8)
Peripheral vascular disease 70 (2.5)
Others (atrial fibrillation, cerebral infarction, 630 (22.5)

cardiac hypertrophy, etc.)
Endocrine, nutritional and metabolic diseases 1758 (62.8)

Concomitant treatment with antihypertensives 2444 (77.8)
prior/current to a switch/addition of nebivolol [N (%)]

Details on concomitant antihypertensives
Calcium antagonists 1328 (54.3)
Angiotensin Il receptor antagonists 1307 (53.5)
Diuretics 578 (23.7)
ACE inhibitors 225(9.2)
Alpha blockers 33(1.4)
NA 12 (0.5)

nebivolol was 4.5+1.0mg (range 1.25-10.0mg); the
majority (2415 participants; 76.9%) received an average
daily dose of 5mg, whereas 718 participants (22.9%)
received an average daily dose of less than 5mg and 7

SBP (mmHg)

Mean + SD

Primary efficacy

Baseline 2880 141.5+18.3
12 weeks (£2 weeks) 2880 131.3+£15.3
Mean change from baseline 2880 -10.2+19.9
Baseline 2641 141.4+£18.5
24 weeks (£2 weeks) 2641 130.5+15.0
Mean change from baseline 2641 -11.0+20.6

Pulse rate (beats/min)

Mean + SD
Heart rate

Baseline 2371 79.84+13.9
12 weeks (2 weeks) 2371 72.4+11.8
Mean change from baseline 2371 -7.44+133
Baseline 2158 79.6+13.8
24 weeks (£2 weeks) 2158 71.6+11.6
Mean change from baseline 2158 -8.0+£13.7

TABLE 2. Efficacy of nebivolol in patients with essential hypertension (efficacy population): blood pressure, pulse rate, heart rate

participants (0.2%) received an average daily dose of more
than 5mg.

Primary efficacy of nebivolol

In the efficacy population, a significant decrease was
observed in mean SBP and DBP at 12 weeks
(10.24+£19.9mmHg; P<0.0001 and 6.04+13.6mmHg;
P <0.0001, respectively) versus baseline. Similar significant
reductions were also observed for SBP and DBP at 24 weeks
(11.04+£20.6mmHg; P<0.0001 and 6.64+13.8mmHg;
P <0.0001) compared with baseline (Table 2).

Secondary efficacy of nebivolol

A statistically significant decrease in pulse rate was observed
after nebivolol treatment at 12 weeks (7.4 4 13.3 times/min;
P <0.0001) and 24 weeks (8.0 + 13.7 times/min; P < 0.0001)
compared with baseline (Table 2). Similarly, a statistically
significant decrease was observed in HR after nebivolol
treatment at 12 weeks (6.4 4 13.5beats/min; P < 0.0001)
and 24 weeks (6.3 £ 13.5 beats/min; P < 0.0001) compared
with baseline (Table 2).

Subgroup analysis

Statistically significant decreases in SBP and DBP from
baseline at 12 and 24 weeks were observed in all subpo-
pulations analyzed (2 < 0.0001), except in participants tak-
ing concomitant diuretics with add-on nebivolol therapy
(Fig. 2a and 2b). The reductions in SBP and DBP were
notably greater in study participants who were newly
diagnosed with hypertension and received nebivolol as
first therapy (de novo) and in participants in whom nebi-
volol was added-on to existing RAS blockers (either ARBs or
ACEIs), CCBs and combination of a RAS blocker and a CCB
(add-on). Significant reductions in SBP and DBP from
baseline at 12 and 24 weeks were also observed in
all age, sex and baseline BMI groups (Supplementary
Tables 1-3, http://links.lww.com/HJH/B173).

DBP (mmHg)
Mean + SD
2878 82.8+13.3
2878 76.8+11.4
<0.0001 2878 -6.0+13.6 <0.0001
2640 82.7+13.4
2640 76.1+£11.0
<0.0001 2640 -6.6+13.8 <0.0001

HR (beats/min)

P value? Mean + SD P value?
212 76.6+15.5
212 70.2+£13.7

<0.0001 212 -6.4+135 <0.0001
151 77.4+16.3
151 71.1+13.8

<0.0001 151 -6.3+135 <0.0001

“Paired t-test; P value < 0.05 was considered significant.
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(a) Add-on therapy
De novo Monotherapy RAS + CCB+ Diuretics + RAS + CCB +
(nebivolol) switch to nebivolol nebivolol nebivolol nebivolol nebivolol
N=321N=279 N=266 N=257 N=168 N=162 N=214 N=194 N=23 N=24 N=112 N=97
: .
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Add-on therapy
® De novo Monotherapy RAS + CCB + Diuretics + RAS + CCB +
(nebivolol) switch to nebivolol nebivolol nebivolol nebivolol nebivolol
N=320N=279 N=266 N=257 N=168 N=162 N=214 N=194 N=23 N=24 N=112 N=97

Mean changes in DBP from baseline

-40 -

m 12 weeks m24 weeks

FIGURE 2 (a) Mean changes in SBP from baseline at 12 weeks and 24 weeks in de novo patients and patients with prior and concomitant antihypertensives. “P< 0.0001,
paired t test. (b) Mean changes in DBP from baseline at 12 and 24 weeks in de novo patients and patients with prior and concomitant antihypertensives. “P < 0.0001, paired t
test. CCBs, calcium channel blockers; RAS, renin-angiotensin system (includes angiotensin Il receptor blockers [ARBs] and angiotensin-converting enzyme inhibitors [ACEIs].

Safety

During the study period, 14.4% participants reported adverse
events. Majority of the adverse events were mild and mod-
erate. The incidence of adverse events during the study is
summarized in Table 3. The most common adverse events
reported were dizziness (1.3%), headache (1.0%) and dys-
pnea (0.9%). The most common adverse drug reactions
(ADRs) reported in this study based on investigators judge-
ment included dizziness (0.2%) and bradycardia (0.2%).
Further information on the ADRs can be found in Table 3.
A total of 119 serious adverse events (SAEs) were reported in
110 participants (3.5%); the most common SAEs reported
were chest pain (0.4%), dyspnea (0.2%) and chest discomfort
(0.2%). The most common serious adverse drug reactions
(SADRs) based on investigators judgement included dyspnea
(0.1%) and bradycardia (0.1%). Three participants died dur-
ing the study period because of events unrelated to the study

Journal of Hypertension

drug (progression of lung cancer, septic shock with perito-
nitis, and esophageal cancer). Sixty-three participants dis-
continued treatment because of adverse events.

DISCUSSION

To our knowledge, the BENEFIT KOREA study is the largest
observational study of beta-blockers for hypertension in
Asia, which is particularly important in light of increasing
prevalence of hypertension and the rapid population aging
in Asia [21]. Our real-world data demonstrate that once daily
nebivolol, as monotherapy or combination, significantly
reduced SBP and DBP in Korean patients with essential
hypertension, with an acceptable safety profile.

The BP control observed in our study is similar to that
reported in RCTs [22-20] as well as real-world studies with
nebivolol [19,27-32]. It is important to note that the
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TABLE 3. Adverse events with an incidence of at least 0.2% in
the safety population and adverse drug reactions with
an incidence of at least 0.05% in the safety population

Incidence, N (%)

Any AEs 221
Dizziness 42
Headache 31
Dyspnea 29
Chest pain 23
Chest discomfort 18
Palpitations 12
Dyspnea exertional 1"
Dyspepsia 10
Paraesthesia 9
Bradycardia 8
Asthenia 7
Cough 7
Angina pectoris 7
Hyperlipidaemia 7

Any ADRs 22

6
6
3
3
2
2

Description®

Dizziness

Bradycardia

Dyspnea
Paraesthesia
Headache

Heart rate decreased

oz LWLLELPINLODWLDS

AEs, adverse events; ADRs, adverse drug reactions.
“MedDRA 20.0.

inherent differences in the study populations and the
conduct of an RCT and a real-world study may influence
the extent of treatment effects observed. Real-world data in
a western population showed that nebivolol, as monother-
apy and add-on therapy in patients with hypertension with/
without concomitant diabetes mellitus, reduced SBP and
DBP by 17.2-255 and 8.5-19.0mmHg, respectively
[19,27-29]. Two prospective, randomized open-label, sin-
gle-center studies in Indian patients with essential hyper-
tension reported a reduction in SBP and DBP of 43.2+1.5
and 18.6 +1.3mmHg, respectively at 24 weeks [30], and
27.7 and 3.5mmHg, respectively at 12 weeks [31] with
nebivolol; the sample size of both studies, however, was
small (2=30). In another small, prospective, randomized
open-label, single-center study in patients with essential
hypertension in Turkey (72 =40), nebivolol reduced SBP
and DBP by 19.1 and 10.3 mmHg, respectively at 4 months
[32]. A larger prospective, open-label, noninterventional
study in Filipino adults with hypertension (72 = 1154) found
nebivolol to be effective in reducing SBP and DBP by
28.3+14.9 and 15.5+10.5mmHg after 60 days of follow-
up [33]. The SBP and DBP baseline values of patients
reported in these prospective studies are higher (SBP range:
152.8-162.8 mmHg; DBP range: 93.3-98.3 mmHg) than
those reported in our study (141.5£18.4 and
82.8+13.3mmHg, respectively). This may potentially
explain the differences observed in the size of treatment
effect in our study compared with other prospective studies
with nebivolol.

The HR reduction observed in our study was also con-
sistent with that reported in other real-world study of
nebivolol in Asian patients with hypertension [30,32,33].
Additionally, in a small subpopulation of patients from the
BENEFIT study whose metabolic profile was recorded, no
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changes were observed in the blood glucose and HbAlc
levels and a neutral/favorable trend in lipid profile was
observed with nebivolol treatment (results not described in
this article) [34].

Our study also demonstrated the efficacy of nebivolol in
controlling BP regardless of age, sex and baseline BMI.
Nebivolol efficacy was also observed in de novo patients, as
well as in patients in whom monotherapy treatment was
switched to nebivolol or nebivolol was added on to back-
ground antihypertensive therapy. The greatest magnitude
of effect was seen when nebivolol was administered as
monotherapy in de novo patients and as an add-on to
existing antihypertensive therapy, which included RAS
blockers, CCBs and combination of a RAS blocker and a
CCB. The benefit of BP reduction from combination ther-
apy of nebivolol and RAS blockers, CCBs and diuretics has
been demonstrated in several studies [12—14,16,35,36]. A
similar observation has been reported in phase IV studies of
hypertensive patients with comorbidities where the addi-
tion of nebivolol to other antihypertensives resulted in a
further reduction of DBP versus add-on placebo [37,38]. In a
retrospective study of hypertensive patients with inade-
quate response to initial treatment, the addition of nebivolol
to existing monotherapy was associated with better BP
control at 2 months after treatment initiation when com-
pared with add-on hydrochlorothiazide, metoprolol and
amlodipine [38]. Although the addition of nebivolol to
existing diuretic has been demonstrated to significantly
reduce SBP and DBP in other studies [13,35,38], we did
not observe any significant BP reductions in our study,
likely because of the very small number of participants in
this subgroup.

The overall incidence of adverse events in this study was
relatively low compared with those reported in RCTs and
real-world studies [26,29]; incidence rates in other real-
world studies of nebivolol were reportedly lower [27,28].
The favorable safety of nebivolol is reflected from the low
rates (<0.2%) of typical beta-blocker adverse events (bra-
dycardia, erectile dysfunction, fatigue and weight gain)
[39,40] in this study. Older generation of beta-blockers
have been associated with higher rates of erectile dysfunc-
tion. Interestingly, the detrimental effects on sexual func-
tion was also seen with carvedilol, a beta-blocker of the
same class as nebivolol [41]. By contrast, nebivolol has not
been shown to have any detrimental effects on erectile
dysfunction [42,43]. The low incidence of adverse effects
observed with nebivolol may be attributed to the high
B1l-adrenoceptor selectivity and the hemodynamic bene-
fits of nitric oxide-mediated vasodilatation that nebivolol
provides.

Treatment adherence in chronic disease management is
important for improving patient outcomes and poor adher-
ence has been shown to be the most important cause of
poor BP control [44—47]. The efficacy and simplicity of
treatment regimen coupled with good tolerability profile
significantly influence patient’s adherence and persistence
to treatment. A real-world database study by Chen et al. [48]
reported that nebivolol was associated with higher rates of
treatment adherence and persistence in comparison to
diuretic. In trials of older patients with chronic heart failure,
the proportion of patients reaching the higher target dose
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was highest with nebivolol (68%) [49] compared with other
beta-blockers (including metoprolol, bisoprolol and carve-
diloD [50-52], suggesting higher tolerability of nebivolol,
and thus compliance in these patients. New generation beta
blockers, carvedilol and nebivolol, had a lower risk of
treatment discontinuation compared with atenolol [53].
The findings from these studies suggest that nebivolol, with
once-daily dosing and a favorable safety profile, supports
treatment adherence for hypertension.

Although the BENEFIT KOREA study is potentially the
largest observational study of beta-blockers in Asian patients,
it has a few limitations associated with its design. Firstly, the
study was a single-arm, noncontrolled study, in which all
participants received the study drug, nebivolol. Secondly, a
majority of participants included in the study were previously
diagnosed with essential hypertension, had combined risk
factors or comorbidities, and were receiving antihyperten-
sive drugs. As such, there is a limited generalizability of the
study results from this study group of population to those at
low-risk hypertension. Thirdly, observational studies in gen-
eral are associated with certain limitations, such as confound-
ing, selection and information bias, and unreliable inferences
about causality [54]. Although RCTs are considered the gold
standard for establishing treatment efficacy and safety, the
exclusion criteria of RCTs are stringent and result in a
homogeneous study population. This limits the generaliz-
ability of findings from RCTs to real-world settings [55]. Real-
world observational studies conducted in large populations
are, therefore needed to validate findings from RCTs [56,57].
Results from such observational studies can supplement RCT
data with additional insights on the balance of benefit and
risk from the real-world practice [58]. Therefore, despite the
limitations enumerated here, the present study provides data
that is relevant to routine clinical practice, especially from an
Asian population where RCT data on beta-blockers
are lacking.

In conclusion, despite the limitations of observational
studies, this real-world study in Asian patients with essential
hypertension with and without comorbidities, demon-
strated the efficacy and safety of once daily nebivolol,
either as monotherapy or add-on therapy. Therefore, our
study indicates that nebivolol can potentially be used in
hypertensive patients with and without comorbidities,
alone or in combination with other antihypertensive agents,
to achieve better BP outcomes.
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