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Purpose: We evaluated the efficacy and safety of nebivolol and rosuvastatin combination 
treatment in patients with hypertension and hyperlipidemia.
Patients and Methods: Eligible patients, after more than 4 weeks of therapeutic lifestyle 
change, were randomly assigned to three groups: 5 mg nebivolol plus 20 mg rosuvastatin 
(NEBI/RSV), 20 mg rosuvastatin (RSV), or 5 mg nebivolol (NEBI). Treatments lasted 8 
weeks.
Results: Efficacy was analyzed using data from 276 patients. Sitting systolic and diastolic 
blood pressures differed between the NEBI/RSV and RSV groups (LSmean difference = 
−5.89 and −5.99 mmHg; 95% confidence interval [CI] = −9.88 to −1.90 mmHg and −8.13 to 
−3.84 mmHg, respectively). Reductions in the two pressures did not differ between the NEB/ 
RSV and NEB groups. The percent reduction in low-density lipoprotein (LDL) cholesterol 
differed between the NEBI/RSV and NEBI groups (LSmean difference = −47.76%, 95% CI 
= −52.69 to −42.84%) but not between the NEBI/RSV and RSV groups. The blood pressure 
(BP) control rate was higher in the NEBI/RSV group than in the RVS group (51.09% vs 
29.67%, p = 0.003). The LDL cholesterol goal achievement rate was higher in the NEBI/ 
RSV group than in the NEBI group (85.87% vs 11.83%, p < 0.001). The incidence of adverse 
drug reactions in the NEBI/RSV, RSV, and NEBI groups was 8.51%, 7.45%, and 8.60%, 
respectively (p = 0.950).
Conclusion: Nebivolol plus rosuvastatin treatment is effective in reducing BP and LDL 
cholesterol levels and is safe in patients with hypertension and hypercholesterolemia without 
the loss of BP or the LDL cholesterol-lowering effect of each drug.
Trial Registration: CRIS registration number KCT0002148.
Keywords: hypertension, hypercholesterolemia, nebivolol, rosuvastatin

Introduction
Various risk factors affecting cardiovascular disease often exist simultaneously. 
Among modifiable risk factors, hypertension and hypercholesterolemia commonly 
coexist.1 The coexistence of hypertension and hyperlipidemia has been shown to 
exert detrimental effects on cardiovascular outcomes,2 and treatment of both dis-
eases simultaneously has been shown to be four times more effective in lowering 
cardiovascular events than treating only one disease.3

As a treatment of hypercholesterolemia, lowering low-density lipoprotein (LDL) 
cholesterol levels with statins is effective for both primary and secondary preven-
tion of cardiovascular events.4 Among antihypertensive drugs, beta-blockers are not 
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recommended as an initial drug for treating uncomplicated 
hypertension in some guidelines because of their inferior 
outcomes compared with other antihypertensive drug 
classes.5,6 The adverse effects of beta-blockers on lipid 
and glucose metabolism have been considered to offset 
their beneficial effect in lowering blood pressure (BP).7 

However, beta-blockers are important and essential drugs 
in treating hypertensive patients with coronary heart dis-
ease, heart failure, and atrial fibrillation, and are recom-
mended as a first-line drug in these patients.8 Therefore, 
beta-blockers and statins may be co-administered in 
patients with hypertensive cardiovascular disease and 
hypercholesterolemia.

Different from other beta-blockers, nebivolol, a third- 
generation beta-blocker, has a better metabolic profile,7 

along with a nitric oxide-mediated vasodilatory property.9 

However, no study has evaluated whether combining nebi-
volol plus statin treatment has the same effect as statins or 
nebivolol alone treatment on lipid parameters and BP. In 
the present study, we evaluated the efficacy of combining 
nebivolol plus rosuvastatin treatment on BP and lipid 
parameters and its safety in patients with concomitant 
hypertension and hyperlipidemia.

Patients and Methods
Study Design
This phase-III, randomized, double-blind, parallel-group 
trial involving patients with hypertension and hypercho-
lesterolemia was conducted at 27 centers across Korea 
from September 2016 through September 2018. The 
Institutional Review Board of each participating institution 
(supplementary Table S7) and the Ministry of Food and 
Drug Safety approved the study protocol. Written 
informed consent was provided by all study participants. 
This study was conducted in accordance with the 
Declaration of Helsinki.

After eligibility screening, participants entered therapeu-
tic lifestyle change (TLC) for >4 weeks. The duration of the 
TLC was ≥6 weeks for participants receiving fibrates. 
Detailed education on TLC was provided by study coordi-
nators. During the TLC, all lipid-modifying and antihyper-
tensive medications were discontinued. After 4- or 6-weeks 
TLC, participants that meet the randomization inclusion 
criteria were randomly assigned at a 1:1:1 ratio to one of 
the following groups: the NEBI/RSV group (5 mg nebivolol 
and 20 mg rosuvastatin daily for 8 weeks), the RSV group 
(20 mg rosuvastatin daily for 8 weeks), and the NEBI group 

(5 mg nebivolol daily for 8 weeks). Elyson Pharmaceutical 
Co., Ltd. supplied nebivolol (Menarini Korea, Seoul, 
Korea) and rosuvastatin (AstraZeneca Korea, Seoul, 
Korea). For double blinding, each study drug and placebo 
drug of identical appearance were packed in blisters and 
supplied to patients.

All participants were instructed to take the assigned 
study drugs once daily every morning for the study dura-
tion. Prior to each scheduled visit, patients were instructed 
to fast for at least 8 h and not to take the study drugs in the 
morning. At each visit, after 5 min of rest, the sitting BP 
was measured three times at 2-min intervals using 
a validated oscillometric device (WatchBP Home, 
Microlife AG, Widnau, Switzerland). Three readings of 
the sitting systolic BP (sitSBP) and the diastolic BP 
(sitDBP) were averaged. The arm with the higher average 
sitSBP was determined as the index arm; the BP was 
obtained from the index arm during subsequent visits. At 
each visit, fasting blood samples were collected and sent to 
a central laboratory (GC LabCell, Yongin, Korea) to ana-
lyze total cholesterol, LDL cholesterol, high-density lipo-
protein (HDL) cholesterol, triglyceride, apolipoprotein 
(Apo) A1, and ApoB levels. LDL-cholesterol levels were 
measured directly (LDL-C plus 2nd generation or LDL- 
cholesterol Gen. 3, Roche, Mannheim, Germany).

Study Population
Inclusion criteria for randomization were as follows: par-
ticipants (age, 20–79 years) with hypertension (systolic BP 
140–179 mmHg and diastolic BP ≤ 109 mmHg, or cur-
rently receiving antihypertensive medications) and 
hypercholesterolemia (as defined according to the 
National Cholesterol Education Program Adult Panel III 
[NCEP-ATP III]).10 Exclusion criteria included the follow-
ing: LDL cholesterol levels >250 mg/dL and/or triglycer-
ide levels ≥400 mg/dL at randomization; a difference in 
repeatedly measured BP of the selected index arm at 
screening sitSBP ≥20 mmHg or sitDBP ≥10 mmHg; 
symptomatic orthostatic hypotension; secondary hyperten-
sion; severe heart disease (NYHA class III–IV heart fail-
ure), clinically significant valvular disease of the heart, 
myocardial infarction and unstable angina; bradycardia 
(<60 bpm), second or third degree atrioventricular block; 
uncontrolled autoimmune diseases; bronchospasm or 
asthma; poorly controlled diabetes (HemoglobinA1c 
≥9.0%); uncontrolled thyroid disease (thyroid-stimulating 
hormone levels ≥1.5 times of the normal upper limit); 
clinically significant renal (serum creatinine ≥2 mg/dL) 
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or hepatic diseases (aspartate transaminase or alanine 
transaminase ≥2 times of the normal upper limit); surgical 
or medical disease that significantly affects absorption, 
distribution, metabolism, and elimination of study drugs; 
chronic inflammatory disease requiring chronic inflamma-
tory treatment; history of myopathy, rhabdomyolysis, and/ 
or creatine phosphokinase ≥3 times of the upper limit of 
normal; history of malignant tumors including leukemia 
and lymphoma in the past 5 years; clinical history of 
alcohol or drug abuse; hypersensitivity to investigational 
drugs; and women who were pregnant or breastfeeding, or 
could potentially become pregnant because of not using 
contraception throughout the study.

Efficacy and Safety Assessments
As a primary efficacy evaluation, (1) the change in sitSBP 
after 8-weeks treatment from baseline was compared 
between the NEBI/RSV and the RSV groups, and (2) 
the percent change in LDL cholesterol after 8-weeks treat-
ment from baseline was compared between the NEBI/RSV 
and the NEBI groups.

Secondary efficacy was compared changes in sitDBP 
and the percent changes in total cholesterol, triglyceride, 
HDL cholesterol, response and control rates of BP, and 
achievement rate of LDL cholesterol goal after 8 weeks of 
treatment. The BP control rate was defined as the percen-
tage of patients who reached a mean sitSBP <140 mmHg 
and sitDBP <90 mmHg after 8-weeks treatment. BP 
response rate was defined as the percentage of patients 
who reached a reduction in sitSBP ≥20 mmHg or sitDBP 
≥10 mmHg from baseline values after 8 weeks of treat-
ment. The LDL cholesterol goal achievement rate was 
calculated according to NCEP-ATP III guidelines (high 
risk: LDL-C level <100 mg/dL; moderate/moderately 
high risk: LDL-C level <130 mg/dL; low risk: LDL-C 
level <160 mg/dL).10

Safety and tolerability were assessed by monitoring 
adverse events (AEs), serious AEs, and possible association 
of AEs with the study drugs and using laboratory tests.

Sample Size
Sample sizes were determined according to the differences 
in the changes in sitSBP and LDL cholesterol levels from 
baseline to week 8 between treatment and placebo groups.

Referring to previous reports, differences in the mean 
changes in sitSBP among the nebivolol and placebo 
groups were assumed to be −12.64 and −5.28 mmHg, 
respectively; the common standard deviation was assumed 

to be 13.75 mmHg.11,12 To assess the difference in the 
changes of sitSBP, an adequate sample size was calculated 
as 74 subjects per group, with a one-sided significance 
level of 2.5% and a power level of 90%.

The differences in mean percent change in LDL cho-
lesterol in the rosuvastatin and placebo groups were 
assumed to be −55% and −7%, respectively, with an 
assumed standard deviation of 11.1%.13,14 To assess the 
difference in the mean percent change of LDL cholesterol 
level, an adequate sample size was calculated to be three 
subjects per group.

From the two estimates, we selected a larger sample 
size of 74 subjects per group to achieve a sufficient level 
of statistical power to detect the efficacy of the testing 
treatment. Finally, 276 subjects (92 subjects in each group) 
were determined as the total sample size assuming a 20% 
drop-out rate.

Statistical Analysis
For efficacy analysis, we used a full-analysis set (FAS) 
that included all subjects who were administered the study 
drugs at least once after randomization, with at least one 
efficacy evaluation data after baseline used. In a per- 
protocol set (PPS), we included patients who completed 
the trial according to the protocol without significant vio-
lations that might affect efficacy outcomes. If any values 
in the primary and secondary efficacy points were missing, 
we used the last observation carried forward imputation 
method. Differences in primary efficacy outcomes between 
the treatment groups were evaluated by analysis of covar-
iance (ANCOVA), using baseline values (for BP and LDL 
cholesterol levels) as covariates. If the upper limit of the 
95% confidence interval (CI) of the corrected least-square 
mean (LSmean) for the difference between the test and 
control groups was <0, the test drug was considered to be 
superior to the control. Differences in secondary efficacy 
outcomes within each treatment group were compared 
using a paired t-test or the Wilcoxon’s signed-rank test. 
Differences in secondary efficacy outcomes between the 
treatment groups were evaluated using ANCOVA with 
baseline values as covariates.

The safety-analysis set (SAF) included patients who 
had received the study drugs at least once after randomiza-
tion and had at least one safety assessment during the 
treatment period. All AEs were coded using the Medical 
Dictionary for Regulatory Activities (MedDRA; v 21.1). 
AE incidences were compared between groups using 
Pearson’s chi-square or Fisher’s exact tests.
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All statistical analyses were performed using SAS® 

software (v. 9.4; SAS Institute, Cary, NC, USA).

Results
Patients’ Disposition
Of the 659 participants screened, 282 were randomly 
assigned to one of the three treatment groups. Among 
these, 281 were included in the SAF after excluding one 
participant who did not take the study drugs, and 276 were 
included in the FAS after further excluding five partici-
pants owing to missing the collection of the primary effi-
cacy data. The mean patient age was 62.25 ± 9.56 years; 
most patients were men (75.7%). Among the 276 partici-
pants, 29 were excluded from PPS for the following rea-
sons: consent withdrawal (n = 8), visit window violated (n 
= 9), AEs (n = 3), non-compliance to study drugs (n = 1), 
use of contraindicated drugs (n = 2), protocol violations (n 
= 3), and other reasons (n = 3) (Figure 1). The baseline 
characteristics of FAS are presented in Table 1.

Efficacy Regarding BP Reduction
The difference in BP reduction from baseline after 8 weeks of 
treatment was larger in the NEBI/RSV group than in the RVS 
group, but did not differ from that in the NEBI group (Table 
2). The difference in sitSBP reduction from baseline after 8 

weeks of treatment was significantly larger in the NEBI/RSV 
group than in the RSV group (LSmean difference = −5.89 
mmHg; 95% CI = −9.88 to −1.90 mmHg), but did not differ 
from that in the NEBI group (LSmean difference = 1.85; 95% 
CI = −2.23 to 5.93). Likewise, the difference in sitDBP 
reduction was significantly larger in the NEBI/RSV group 
than in the RSV treatment group (LSmean difference = −5.99 
mmHg; 95% CI = −8.13 to −3.84 mmHg) but did not differ 
from that in the NEBI group (LSmean difference = 0.45 
mmHg; 95% CI = −1.72 to 2.62 mmHg).

The BP control rate was 51.09% in the NEBI/RSV 
group, 29.67% in the RSV group, and 48.39% in the 
NEBI group (NEBI/RSV vs RSV, p = 0.003; NEBI/RSV 
vs NEBI, p = 0.714; Figure 2A). The BP response rate was 
45.65% in the NEBI/RSV group, 24.18% in the RSV 
group, and 54.84% in the NEBI group (NEBI/RSV vs 
RSV, p = 0.002; NEBI/RSV vs NEBI, p = 0.212; 
Figure 2B).

Efficacy Regarding LDL Cholesterol 
Reduction
The percent reduction in LDL cholesterol levels from 
baseline after 8 weeks of treatment in the NEBI/RSV 
group was greater compared to the NEBI group (LSmean 
difference = −47.76%; 95% CI = −52.69 to −42.84%), but 

Figure 1 Participants disposition.
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did not differ from that in the RSV group (LSmean differ-
ence = 1.50%; 95% CI = −3.05 to 6.06%) (Table 2).

Changes in total cholesterol, HDL cholesterol, trigly-
ceride, ApoA1, ApoB, ApoB/A1 ratio, and non-HDL cho-
lesterol level are presented in Table 3. Percent reductions 
in total cholesterol and triglyceride, ApoB, ApoB/A1 ratio, 
and non-HDL cholesterol levels were larger in the NEBI/ 
RSV group than in the NEBI group but did not differ from 
that in the RSV group. HDL cholesterol and ApoA1 levels 
were increased in the NEBI/RSV group, but reduced in the 
NEBI group from baseline after 8 weeks of treatment. 
However, increase in HDL cholesterol and ApoA1 levels 
in the NEBI/RSV group were lower than those in the RSV 
group (LSmean difference for HDL cholesterol elevation = 
−6.88; 95% CI = −12.08 to −1.67, LSmean difference for 
ApoA1 elevation = −3.71, 95% CI = −7.40 to −0.02).

The goal achievement rate of LDL cholesterol levels 
was 85.87% in the NEBI/RSV group, 92.31% in the RSV 
group, and 11.83% in the NEBI group (NEBI/RSV vs 
RSV, p = 0.163; NEBI/RSV vs NEBI, p < 0.001; 
Figure 2C).

Results of subgroup analysis (age ≥65 and <65 years, 
men and women, age ≥65 vs <65 years, men vs women) 
are shown in supplementary Tables S1 – S6.

Safety
In the SAF (n = 281), the incidences of AEs considered to 
be related to the study drugs were 8.51% in the NEBI/RSV 
group, 7.45% in the RSV group, and 8.60% in the NEBI 
group, but not significantly different among the treatment 
groups (Table 4, p = 0.950). Among the study drug-related 
AEs, symptomatic bradycardia was found in two cases in 

Table 1 Baseline Characteristics of Study Population (FAS, n=276)

NEB/RSV RSV NEB p

n 92 91 93

Age, years (SD) 62.76 (9.52) 61.74 (9.75) 62.24 (9.49) 0.915a

Sex, men, n (%) 68 (73.91) 65 (71.43) 76 (81.72) 0.235b

Body mass index, kg/m2 (SD) 43.59 (13.42) 42.78 (6.25) 42.98 (5.64) 0.416a

Smoking, n (%)
Never smoked 33 (35.87) 28 (30.77) 29 (31.18) 0.723b

Ex-smoker 38 (41.30) 35 (38.46) 35 (37.63)

Current smoking 21 (22.83) 28 (30.77) 29 (31.18)

Drinking, n (%) 55 (59.78) 55 (60.44) 46 (49.46) 0.240b

Diabetes, n (%) 22 (23.91) 15 (16.48) 18 (19.35) 0.447b

eGFR, mL/min per 1.73 m2 (SD) 85.91 (13.42) 88.90 (16.11) 88.46 (12.96) 0.173a

Cardiovascular disease, n (%)

Ischemic heart disease 19 (20.65) 25 (27.47) 26 (27.96) 0.444b

Peripheral vascular disease 1 (1.10) 3 (3.30) 3 (3.23) 0.911c

Cerebrovascular disease 2 (2.17) 2 (2.20) 7 (7.53) 0.121c

Previous cardiovascular medication, n (%)

Lipid modifying agents 55 (59.78) 68 (74.73) 64 (68.82) 0.093b

ACE inhibitors or ARBs 55 (59.78) 42 (46.15) 52 (55.91) 0.163b

Calcium channel blockers 24 (26.09) 32 (35.16) 23 (24.73) 0.236b

Beta-blocker 11 (11.96) 16 (17.58) 14 (15.05) 0.563b

Cardiac drugs 11 (11.96) 6 (6.59) 10 (10.75) 0.440b

Diuretics 4 (4.35) 4 (4.40) 2 (2.15) 0.669c

Peripheral vasodilators 1 (1.09) 1 (1.10) 1 (1.08) 1.000c

Notes: Groups were compared by aKruskal–Wallis test, bPearson’s chi-square test and cFisher’s exact test. Cerebrovascular disease = carotid artery stenosis + cerebral 
infarction + cerebral arteriosclerosis + cerebral hemorrhage + cerebellar infarction. Peripheral vascular disease = peripheral vascular disorder + peripheral arterial occlusive 
disease + subclavian artery stenosis. Ischemic heart disease = angina pectoris + angina unstable + myocardial infarction + acute myocardial infarction + coronary artery 
disease + Prinzmetal angina + myocardial ischemia. 
Abbreviations: FAS, full analysis set; NEB/RSV, nebivolol 5 mg/rosuvastatin 20 mg treatment; RSV, rosuvastatin 20 mg alone treatment; NEB, nebivolol 5 mg alone 
treatment; eGFR, estimated glomerular filtration rate; ACE, angiotensin-converting enzyme; ARBs, angiotensin receptor blockers.
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the NEBI/RSV group and four cases in the NEBI group. 
However, these patients recovered after discontinuing the 
study drugs. Heart rate was significantly decreased in the 
NEBI/RSV (from 72.51 ± 9.25 bpm to 62.46 ± 8.38 bpm, 
p < 0.001) and NEBI (from 73.00 ± 11.35 bpm to 63.13 ± 
9.30 bpm, p < 0.001) groups, but was not changed in the 
RSV group (from 74.01 ± 10.55 bpm to 73.40 ± 9.10 bpm, 
p = 0.639). One patient had musculoskeletal pain (chest 
pain and tenderness, neck stiffness and shoulder pain). 
Chest pain and tenderness, and neck stiffness were 
improved with analgesics and were classified as unlikely 
when evaluating the relevance to the study drugs. Shoulder 
pain that occurred at a later time could not be classified 
owing to low adherence to study drugs (7.7%). Two 
patients had dizziness that was resolved by discontinuing 
the study drugs.

There were no significant changes in fasting blood glu-
cose levels from baseline after 8 weeks of treatment in the 
NEBI/RSV (mean change ± SD = 0.68 ± 17.99, p = 0.763), 
RSV (mean change ± SD = −0.34 ± 12.34, p = 0.792), and 
NEBI (mean change ± SD = 1.70 ± 30.09, p = 0.263) 
groups. HbA1C levels were not significantly changed 
from baseline after 8 weeks of treatment in the NEBI/ 
RSV (mean change ± SD = 0.02 ± 0.35, p = 0.912), RSV 
(mean change ± SD = −0.03 ± 0.48, p = 0.679), and NEBI 
(mean change ± SD = −0.05 ± 0.48, p = 0.135) groups.

Discussion
This is the first controlled, prospective study showing that 
nebivolol plus rosuvastatin treatment is effective and safe 
in patients with hypertension and hypercholesterolemia, 
without the loss of BP- or the LDL cholesterol-lowering 
effect of each drug. BP reduction by Nebivolol plus rosu-
vastatin treatment was not different from that by nebivolol 
alone treatment, and LDL cholesterol reduction by 

nebivolol plus rosuvastatin treatment was not different 
from that by rosuvastatin alone treatment. Nebivolol treat-
ment either with rosuvastatin or alone significantly 
decreased the heart rate; the treatments also caused symp-
tomatic bradycardia in few participants. However, the 
overall incidence of study drug-related AEs did not differ 
among the three groups.

Hypercholesterolemia and hypertension commonly 
coexist and synergistically contribute to cardiovascular 
disease.6,15 Therefore, both diseases should be controlled 
simultaneously. However, in many patients, high BP and 
LDL cholesterol levels are not controlled simultaneously, 
partly by inadequate doses of statins used.16 In our study, 
the percent change and goal achievement rate for LDL 
cholesterol levels were 48.5% and 85.9%, respectively, in 
the NEBI/RSV group. Recent guidelines recommend more 
intense LDL cholesterol reduction for high and very high- 
risk patients (eg, LDL cholesterol <70 mg/dl for high risk 
and <55 mg/dl for very high risk),4 which, if applied, 
would decrease the goal achievement rate in our study. 
However, the percent reduction and goal achievement rate 
of our study indicate that high-intensity statin treatment 
may further improve the LDL cholesterol control rate in 
the real world, thus helping to prevent cardiovascular 
diseases.

A recent meta-analysis corroborated the inferiority of 
beta-blockers in reducing cardiovascular disease and mor-
tality compared with other antihypertensive drugs, such as 
calcium channel blockers, renin-angiotensin-aldosterone 
inhibitors, and diuretics.17 However, most studies included 
in the meta-analysis used atenolol, a non-vasodilating beta- 
1 selective blocker, which was inferior to angiotensin recep-
tor blockers18 and calcium channel blockers.19–21 Nebivolol 
is a third-generation beta-blocker with unique properties,9 

and such third-generation vasodilating beta-blockers (eg, 

Figure 2 (A) Control rate and (B) response rate of blood pressure, and (C) goal achievement rate of low-density lipoprotein (LDL) cholesterol after 5 mg nebivolol plus 
20 mg rosuvastatin (NEBI/RSV), 20 mg rosuvastatin (RSV), or 5 mg nebivolol (NEBI) treatment for 8 weeks.
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carvedilol and nebivolol) were not included in the above 
meta-analysis because outcome trials on hypertension were 
lacking.17 Although there are no clinical outcome trials, 
nebivolol is expected to perform better than atenolol in 
cardiovascular protection because of its vasodilatory 
property9 and long action period, aspect that differs from 
those of atenolol.22

Beta-blockers can dysregulate lipid metabolism and 
increase insulin resistance and susceptibility to 
diabetes.23,24 Moreover, ASCOT (Anglo-Scandinavian 
Outcomes Trial) results suggested that beta-blockers (ate-
nolol) might attenuate the benefits of statin treatment and 
increase the rate of ischemic events compared to 
a combined calcium channel blocker and statin 
treatment.25 In contrast to traditional beta-blockers, nebi-
volol has a neutral or favorable effect on the metabolic 
profile.7,9 Before our study, randomized controlled studies 
that examined the effect of nebivolol treatment on lipid 
metabolism were sparse and with a small sample size. 
Moreover, no study had evaluated whether nebivolol 
impairs the beneficial effects of rosuvastatin on lipid 
metabolism.

In the present study, nebivolol treatment did not offset 
the effects of rosuvastatin in lowering LDL cholesterol 
level, ApoB, and the ApoB/A1 ratio. In contrast, nebivolol 
treatment reduced HDL cholesterol levels and increased 
triglyceride levels. Three previous studies have also 
reported a neutral effect of nebivolol on HDL cholesterol 
levels,26–28 and two studies even reported a reduction in 
HDL cholesterol levels.29,30 In the present study, nebivolol 
treatment lowered HDL cholesterol levels and seemed to 
attenuate the effect of rosuvastatin on increasing HDL 
cholesterol levels. Reasons for the different results 
among studies could not be clarified as the treatment 
schedule and inclusion criteria were quite different.

Reportedly, the level of HDL cholesterol has been 
inversely correlated with the risk of atherosclerotic cardi-
ovascular disease (ASCVD).31 However, further studies 
are required to assess whether the undesirable lowering 
of HDL cholesterol levels by nebivolol observed in our 
study may attenuate the beneficial effect of rosuvastatin on 
ASCVD risks. Among the previous studies,26–30 none 
reported a significant elevation in triglyceride levels via 
nebivolol treatment. There was no difference in the reduc-
tion in triglycerides between NEBI/RSV and RSV groups. 
In contrast, those in the NEBI group had significantly 
elevated triglyceride levels. Elevated triglycerides are 
a risk factor for cardiovascular morbidity and all-cause %
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mortality.32 Retaining ApoB-containing lipoproteins 
within the arterial intima is a major factor leading to the 
onset and development of atherosclerosis.33 Moreover, the 
risks of ASCVD mediated via triglycerides appear to be 
determined from the level of circulating ApoB-containing 
particles rather than triglyceride levels.34 In this study, as 
elevated triglycerides were not accompanied by changes in 
LDL cholesterol and ApoB levels and ApoB/A1 ratio, our 
findings suggest that elevating triglycerides via nebivolol 
treatment may not be associated with increased risks for 
ASCVD and does not offset the beneficial effect of rosu-
vastatin on the reduction of risks for ASCVD.

Long-term statin treatment increases the risk of new- 
onset diabetes.35 Conversely, nebivolol has favorable 
effects on glucose and insulin resistance.27,29 Neither the 
RSV nor the NEBI/TSV groups displayed an increase in 
fasting blood glucose and HbA1C levels in this study. 
However, a long-term, large cohort study on the effects 
of combining nebivolol and rosuvastatin treatment on 
blood glucose and HbA1C levels is required.

For patients with hypertension, poor adherence to treat-
ment is associated with increased rates of hospitalization and 
mortality.36 Among the methods to improve treatment adher-
ence, using single-pill combination drugs has been shown to 
improve patients adherence to treatment by simplifying 

regimens and reducing pill burden.6,37 Therefore, single-pill 
combination drugs are now recommended in the 
guidelines.5,8 This study showed that combining nebivolol 
and rosuvastatin did not alter the beneficial BP- or the LDL 
cholesterol-lowering effects of each drug; therefore, this com-
bination treatment could be used as a single-pill combination 
drug.

Strength and Limitations
Our study is the first to compare the effects of nebivolol 
plus rosuvastatin treatment on lipid parameters to those of 
nebivolol and rosuvastatin alone treatment. Previously, it 
remained unclear whether combining a vasodilatory beta- 
blocker with a statin would attenuate the beneficial effect 
of a statin on lipid parameters. Further, our study cohort 
was the largest among those in prospective and controlled 
studies evaluating the metabolic effects of nebivolol 
reported to date.

However, there are a few limitations to this study. First, 
age differences in the BP-lowering effects among different 
classes of antihypertensive drugs were not considered in 
the study design. Beta-blockers are considered to be more 
effective in lowering the BP in young hypertensive 
patients.38 However, BP-lowering effects observed in the 
NEBI/RSV group did not differ between older (≥65 years) 

Table 4 Adverse Drug Reaction in the Safety Analysis Set (n=281)

NEB/RSV 
(n=94)

RSV 
(n=94)

NEB 
(n=93)

Number of subjects (%) 8 (8.51%) 7 (7.45%) 8 (8.60%)

Adverse drug reactions, total number of events 8 11 11
Bradycardia 2 (2.13%) 4 (4.30%)

Atrial fibrillation 1 (1.06%)

Ventricular premature beats 1 (1.06%)
Increase in creatine phosphokinase 2 (2.13%) 4 (4.26%) 1 (1.08%)

Increase in body weight 1 (1.06%)
Headache 3 (3.19%)

Dizziness 1 (1.06%) 1 (1.08%)

Diarrhea 1 (1.08%)
Epigastric discomfort 1 (1.06%)

Gastrointestinal disorder 1 (1.08%)

Hyperglycemia 1 (1.08%)
Hyperkalemia 1 (1.06%)

Blurred vision 1 (1.06%)

Thirst 1 (1.08%)
Musculoskeletal pain 1 (1.06%)

Cough 1 (1.08%)

Note: Adverse drug reactions are expressed as number of events and percentages based on the subjects within each treatment group. 
Abbreviations: NEB/RSV, nebivolol 5 mg/rosuvastatin 20 mg treatment; NEB, nebivolol 5 mg alone treatment; RSV, rosuvastatin 20 mg alone treatment.
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and younger (<65 years) patients. Although there is no 
previous study to compare these findings with, these 
results may be explained by the difference in the vasodi-
latory actions of nebivolol and bisoprolol.39 Second, this 
was a short-term study; the efficacy in terms of cardiovas-
cular outcome was not evaluated. Whether favorable 
effects of nebivolol on glucose metabolism and insulin 
resistance offset the risk of new-onset diabetes via statin 
treatment could not be determined. Large-scale, long-term 
outcome studies for the efficacy of nebivolol plus statin 
combination treatment comparing with that of other anti-
hypertensive drugs plus statin for treatment and prevention 
of cardiovascular disease are required.

Conclusion
This study demonstrated that the BP- and LDL choles-
terol-lowering efficacy and safety of combining nebivolol 
plus rosuvastatin treatment are comparable with those of 
nebivolol and rosuvastatin alone treatment in patients with 
hypertension and hypercholesterolemia. The results of this 
study indicate that nebivolol plus rosuvastatin could be 
used without the loss of BP or the LDL cholesterol- 
lowering effect of each drug and an acceptable combina-
tion in treating and preventing cardiovascular diseases.

Abbreviations
CI, confidence interval; AEs, adverse events; ANCOVA, 
analysis of covariance; ASCVD, atherosclerotic cardiovas-
cular disease; BP, blood pressure; bpm, beats per minute; 
FAS, full analysis set; LDL, low-density lipoprotein; 
LSmean, least-square mean; NCEP-ATP III, National 
Cholesterol Education Program Adult Panel III; NEBI/ 
RSV, co-administration of nebivolol 5 mg and rosuvastatin 
20 mg; NEBI, nebivolol 5 mg alone treatment; PPS, per- 
protocol set; RSV, rosuvastatin 20 mg alone treatment; 
SAF, safety analysis set; SD, standard deviation; sitDBP, 
sitting diastolic blood pressure; sitSBP, sitting systolic 
blood pressure; TLC, therapeutic lifestyle change.

Data Sharing Statement
We are not planning to share the data besides what is 
included in the manuscript.
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