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Effects of nebivolol versus bisoprolol on endothelial
function in hypertensive patients
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OBJECTIVE: To determine the effects of two beta-blockers, nebiv-
olol and bisoprolol, on endothelial function in newly diagnosed hyper-
tensive patients.

METHODS: Twenty-five hypertensive patients with a mean (+ SD)
age of 45.3+11.5 years were randomly assigned to receive either nebiv-
olol or bisoprolol for eight weeks in an open-label, crossover design.
Flow-mediated endothelial-dependent vasodilation (FMD) was mea-
sured at baseline and after each eight-week treatment period. At the
end of each treatment period, 24 h ambulatory blood pressure (BP)
monitoring was performed.

RESULTS: The effect of the two beta-blockers on BP was similar.
The mean FMD before initiation of treatment was 4.14+3.55%. After

treatment with nebivolol, FMD increased to 8.99+4.21%, with a sta-
tistically significant difference from baseline (P<0.001). The effect of
bisoprolol treatment on FMD was not as dramatic (3.72+6.84%), with
no statistically significant difference from baseline. Comparing FMD
after each therapeutic regimen, nebivolol treatment resulted in a
marked increase in the reactivity of the brachial artery (ie, improve-
ment of endothelial function) compared with bisoprolol treatment
(P<0.001).

CONCLUSION: Nebivolol treatment of untreated hypertensive
patients led to a significant improvement in endothelial function com-
pared with bisoprolol treatment, despite the similar effect on BP with
either therapeutic agent.
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rterial hypertension (AH) is considered to be a major risk

factor for atherosclerotic cardiovascular disease as well as
for diseases that predispose individuals to increased cardiovas-
cular risk. AH has been listed as the number one cause of death
worldwide in a World Health Organization report (1). The
initiation of antihypertensive treatment leads to a significant
reduction in cardiovascular morbidity and mortality.

There are five major classes of antihypertensive agents suit-
able for initiation and maintenance of AH treatment. The
main benefit of therapy is the lowering of blood pressure (BP).
The different classes of antihypertensive agents, however,
have specific mechanisms of action that can favourably or
unfavourably affect different organs or systems. An example of
this is the effect of antihypertensive agents on endothelial
function.

Endothelial function depends on the ability of endothelial
cells to produce and release nitric oxide (NO) — a powerful
endogenous vasodilator. Endothelial dysfunction may be
defined as the loss of the ability of endothelial cells to respond
with vasodilation to pathological vasoconstrictor stimuli (ie, a
pathological vasoconstrictor response to a stimulus that, in
normal situations, would lead to vasodilation).

Flow-mediated endothelial-dependent vasodilation (FMD)
of the brachial artery is a method capable of detecting changes
in endothelial function. The method was first described and
implemented in clinical practice by Celermajer et al (2). For
more than two decades, the method has been used to evaluate
early atherosclerotic changes in patients with various risk fac-
tors for coronary atherosclerosis.

AH is accompanied by endothelial dysfunction (3) as a
consequence of elevated BP (4). The decrease in FMD values
is greater in hypertensive patients with established end-organ
damage (5) as well as in patients who are defined as ‘nondip-
pers’ (6).

The objective of the present study was to determine the
effects of two different beta-blockers (nebivolol and bisoprolol)
on endothelial function (measured as changes in FMD) in
newly diagnosed hypertensive patients.

METHODS

Study group

The study group consisted of 25 newly diagnosed hypertensive
patients. The demographic characteristics and risk factor distri-
bution of the patients are presented in Table 1. Patients
included in the study were 18 years of age and older, with newly
diagnosed AH, willing to commence treatment and deemed by
a physician to be cooperative and compliant.

Excluded from the study were patients with previously treated
AH, individuals with angina pectoris or established coronary
artery disease, patients with hemodynamically significant valve
heart lesions, as well as patients with other comorbidities that
necessitated drug use that could potentially interfere with the
estimation of endothelial function.

Ethics

The study was conducted in accordance with the Declaration
of Helsinki. All patients provided written informed consent for
inclusion in the study as well as for FMD measurement. The
study protocol was approved by the local ethics committee.
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TABLE 1
Demographic characteristics and risk factor distribution of

the study group (n=25)

Variable Distribution
Age, years (mean + SD) 45.3+11.5
Female sex 7 (28)
Body mass index, kg/m? (mean = SD) 28+5.2
Arterial hypertension* 25 (100)
Systolic blood pressure, mmHg (mean + SD) 152.4+18.5
Diastolic blood pressure, mmHg (mean = SD) 99.3+9.3
Diabetes mellitus’ 0(0)
Dyslipidemia¥ 7 (28)
Present smokers 7 (28)
Former smokers 4 (16)
Passive smokers® 3(12)
Family history of coronary artery disease' 12 (48)

Data presented as n (%), unless indicated otherwise. *Defined according to
the guidelines for the management of arterial hypertension (1); Defined
according the guidelines on diabetes, prediabetes and cardiovascular dis-
eases (7); *Defined according to the European guidelines on cardiovascular
disease prevention in clinical practice (8); SDefined as exposure to cigarette
smoke for 1 h per day for three consecutive years; Defined as first-degree
relatives with established coronary artery disease diagnosed before 55 years
of age for men and 65 years of age for women

Study design

Before inclusion in the study, patients underwent a medical
history evaluation and clinical examination. Special attention
was given to the duration of AH, maximal and usual values for
systolic BP (SBP) and diastolic BP (DBP) registered by the
patient, and the presence of other atherosclerotic risk factors.
All patients underwent an electrocardiogram (ECG) and echo-
cardiographic examination.

Ambulatory BP was measured after the patient rested for
15 min. Three measurements were taken at least 5 min apart;
mean values for SBP and DBP were calculated using only the
second and third measurements.

The next day, the patient was asked to arrive early in the
morning for FMD measurement (see below) and was randomly
assigned to receive either nebivolol 5 mg or bisoprolol 5 mg in
an open-label, crossover fashion. After two weeks of treatment,
BP and heart rate measurements were taken, the values of
which were defined as the controls. To achieve optimal BP con-
trol, the dosage of either nebivolol or bisoprolol was increased,
and hydrochlorothiazide (HCT) was added if necessary.

Eight weeks after the first visit, 24 h ambulatory BP was
monitored, FMD was measured and the patient was switched to
the other active treatment regimen (Figure 1). Another con-
trol visit (10th week) and a final visit (16th week) with 24 h
ambulatory BP monitoring and FMD evaluation were per-
formed. Patients were asked about the occurrence of medica-
tion side effects after each treatment period.

FMD

FMD testing was performed according to the guidelines for
ultrasound assessment of endothelial-dependent FMD of the
brachial artery (9). The investigator had the experience of 100
supervised FMD scans and measurements before assuming
independence, and completed at least 100 scans per year to
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Figure 1) Flow diagram of the study. FMD Flow-mediated
endothelial-dependent vasodilation; 24-h ABPM 24 h ambulatory
blood pressure monitoring

maintain competency. The inter- and intraobserver variability
of the method was evaluated on a sample of 40 patients, with a
correlation coefficient of greater than 0.92 and P<0.001 (10).

FMD measurements were performed between 07:00 and
09:00. Patients were asked to refrain from eating, consuming
alcohol or smoking after 20:00 the day before. On the morning
of the study, the patient was asked not to consume anything
but water, refrain from vigorous physical activity and not to
smoke. They were also requested to postpone taking the pre-
scribed medication until after FMD measurements were taken.

After 15 min of rest in a quiet and temperate room, the
investigation started with BP measurements taken on the dom-
inant arm. The cuff of the sphygmomanometer was placed on
the forearm of the same arm with the patient supine. A longitud-
inal image of the brachial artery with optimal visualization of the
intima using a linear array transducer at 3 MHz to 11 MHz and
an echocardiograph (Sonos 5500, Philips Medical Systems,
USA) was obtained. A 5 s to 10 s recording of the baseline
state of the brachial artery was captured on a video cassette
recorder. The cuff was inflated to a pressure of 200 mmHg or
50 mmHg above the systolic arterial pressure of the respective
patient, whichever was higher, and maintained for 5 min. A
new recording during the last 30 s of the ischemic phase (cuff
inflated) and at 120 s after cuff deflation was obtained. The
entire image was ECG-gated.

Measurement

Data analysis was not performed during image acquisition. The
diameter of the brachial artery on different occasions was meas-
ured manually. The investigator was blinded to patient identity
and medication regimen. Two parameters were considered: the
baseline and maximum postischemic diameter of the brachial
artery. All measurements were performed in the end-diastole
(the beginning of the R on ECG) from endothelial to endo-
thelial surface, along a line perpendicular to the artery’s long
axis. For the baseline diameter, at least three heart beats were
used and the distances between the intimal surfaces of the
artery at three different locations along the vessel’s axis were
measured, from which the mean value for the baseline diam-
eter was calculated. In the reactive hyperemia phase, the diam-
eter of the brachial artery was measured at 10 s intervals,
beginning 30 s after cuff deflation and proceeding until 120 s.
For every measurement, the diameter was estimated at three
different locations along the vessel’s axis, with the mean diam-
eter being calculated from these three measurements. The
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largest mean diameter of the 10 s interval measurements cor-
responded to the maximal response of the brachial artery dur-
ing the reactive hyperemia phase.

The FMD was measured and expressed as a per cent value,
derived by the formula:

FMD (%) = [(postischemic diameter of the brachial
artery — baseline diameter) / baseline diameter] x 100

24 h ambulatory blood pressure monitoring

Twenty-four hour ambulatory BP measurement was measured
with the Oscar 2 system (SunTech Medical, USA) using
AccuWin Pro, version 1.5 software. The system requires a
patient number, treatment regimen, and an approximate time
period during which the patient will be asleep. The device
measured BP in 30 min intervals during the day and in 60 min
intervals during the night. The target BP levels were set at
140 mmHg for SBP and 85 mmHg for DBP during the daytime,
and 120 mmHg for SBP and 80 mmHg for DBP during the
nighttime.

The software presented the results graphically as well as
exact values regarding the maximal, minimal and mean SBP
and DBP, and mean heart rate during the daytime and night-
time period. The percentage of values exceeding the target BP
levels was also recorded.

Statistics

The distribution of continuous variables was evaluated using
the Kolmogorov-Smirnov test. All data were normally distrib-
uted and presented as mean + SD. Categorical variables were
expressed as a percentage. The FMD and BP values were com-
pared at baseline and after each treatment period, with the
paired samples ¢ test used for normally distributed data, and the
Wilcoxon signed-rank test for non-normally distributed data. A
linear regression analysis with stepwise entry criteria was used
to determine the variables that independently predicted FMD
values. A two-tailed P<0.05 was considered to be statistically
significant. All tests were performed with SPSS 13.0 (SPSS
Inc, USA) for Windows (Microsoft Corporation, USA).

RESULTS

BP control

Nebivolol was used in 14 of the participants and 11 patients
were treated with bisoprolol before the crossover. Optimal BP
control was achieved in all patients. During the nebivolol
treatment phase, 5 mg nebivolol was required in 19 of the par-
ticipants, 7.5 mg in three and 10 mg in three (mean nebivolol
dose 5.9 mg). HCT was added to the therapeutic regimen in
three patients (mean dose 13.3 mg). Optimal BP levels on biso-
prolol treatment were achieved with 5 mg and 10 mg of the
agent in 16 and nine patients, respectively (mean bisoprolol
dose 6.6 mg). The addition of HCT was necessary in three
patients (mean dose 13.3 mg).

The mean SBP and DBP during the eight-week nebivolol treat-
ment were reduced from 152.4+18.5 mmHg and 99.3+9.3 mmHg,
respectively, to 131.8+11.5 mmHg and 82.4+7.1 mmHg, respect-
ively (P<0.001). The BP values achieved after the eight-week
bisoprolol treatment were 129.7+10.2 mmHg and 83.1+7 mmHg
for SBP and DBP respectively (P<0.001).
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TABLE 2

Mean percentage of values exceeding the target systolic
(SBP) and diastolic (DBP) blood pressure during the
daytime and nighttime period after each treatment regimen

Target BP, Treatment
Variable mmHg Nebivolol Bisoprolol P
SBP, daytime 140 6.72+7.46 8.4+10.33 0.37
DBP, daytime 85 8.52+11.88 7.92+12.16 0.78
SBP, nighttime 120 4.76+9.43 5.48+10.18 0.8
DBP, nighttime 80 2.52+5.29 2.36+4.5 0.72

Data are presented as % (mean * SD), unless indicated otherwise

The percentage of values exceeding the target SBP and
DBP for the daytime and the nighttime period after each treat-
ment regimen are presented in Table 2. There was no statistic-
ally significant difference between the SBP- and DBP-lowering
effect achieved with nebivolol and bisoprolol.

Endothelial function

The mean FMD value for the 25 participants in the study
before initiation of treatment was 4.14+3.55%. Independent
predictors for FMD values in this setting were DBP and patient
age. These variables can be combined in a model predicting
FMD values, expressed by the following equation:

FMD (%) = 26.17 — 0.17 x DBP (mmHg) — 0.13 x
patient’s age (years)

The unstandardized coefficients had a significance P<0.01,
with an R?=0.56 (ie, 56% of the variance in FMD values could
be explained by the model).

After the eight-week treatment with nebivolol, the mean
FMD values increased to 8.99+4.21%, which resulted in a
highly statistically significant difference from the mean base-
line FMD values (P<0.001). The effect of bisoprolol treatment
on FMD values was not as dramatic: FMD after the eight-week
treatment was 3.72+6.84%, with no statistically significant dif-
ference from the baseline values.

Comparing the FMD values after each therapeutic regimen,
nebivolol treatment resulted in a marked increase in the reac-
tivity of the brachial artery (ie, improvement of endothelial
function) compared with bisoprolol treatment (P<0.001)
(Figure 2).

Patients initially treated with nebivolol (n=14) had a mean
FMD value of 9.65+4.51% at the end of the eight-week treat-
ment period. This value decreased significantly after the cross-
over to bisoprolol (5.02+2.63%; P=0.005).

For the remaining patients initially receiving bisoprolol
(n=11), the mean FMD value after the first treatment period
was 3.45+4.4%, which increased significantly after switching
to nebivolol (8.55+3.77%; P=0.001).

During the treatment period, very few side effects were
reported. One of the patients experienced headache, a female
patient reported weight gain, and a male patient complained of
fatigue and erectile dysfunction. All of these side effects were
reported during the bisoprolol treatment period.

47



PERSONAL USE ONLY - DO NOT COPY

Simova et al

12,00
p=075

10,00~

p <0.001

p <0.001

8,00

FMD mean (%)

baseline nebivolol hisopralol

Error bars: 95.00% Cl

Figure 2) Mean flow-mediated endothelial-dependent vasodilation
(FMD) wvalues with 95% CI at baseline and after eight weeks of

treatment with nebivolol and bisoprolol

DISCUSSION

The effect of nebivolol and bisoprolol treatment on endothel-
ial function in 25 newly diagnosed, untreated, hypertensive
patients were evaluated in a randomized, open-label, crossover
design. BP control achieved with either of the therapeutic
regimens was comparable. Bisoprolol treatment did not lead to
a significant change in FMD values, despite the lower BP levels
attained at the end of the treatment period. Nebivolol treat-
ment resulted in a statistically significant improvement of
baseline endothelial function (ie, increase in FMD) compared
with the FMD values attained after bisoprolol treatment.

AH and its treatment have significant social and economic
impact, because it involves a considerable number of patients
and is lifelong in most of the cases. There is unequivocal evi-
dence that treatment of AH with angiotensin-converting
enzyme inhibitors (11), angiotensin receptor blockers (12) and
dihydropyridine calcium channel antagonists (13) could lead
to an improvement of endothelial function.

The effect of beta-blockers on the reactivity of the brachial
artery is, however, not straightforward. In addition to activat-
ing alpha receptors, blocking of peripheral beta,-receptors
causes one of the major untoward hemodynamic effects of beta-
blockers — peripheral vasoconstriction. This could be the rea-
son why the use of conventional beta-blockers does not lead to
an improvement in endothelial function. Comparing atenolol
with perindopril (14) and with losartan (15), it has been found
that the use of angiotensin-converting enzyme inhibitors and
angiotensin receptor blocker agents lead to a greater increase
in FMD values.

The pharmacodynamic properties of nebivolol, however,
differentiate it from the other agents of its class. The beta-1
selectivity of nebivolol surpasses that of atenolol and biso-
prolol (16). Moreover, nebivolol has a unique mechanism of
action — activating the L-arginine/NO pathway, which leads to
vasodilation of resistance vasculature (17). This could explain
the results of a study by Lekakis et al (18), in which the authors
compared the effect of atenolol 50 mg with nebivolol 5 mg in a
four-week treatment regimen. They reported that atenolol had
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no effect on endothelial function, whereas nebivolol led to a
statistically significant increase in FMD values.

Bisoprolol, however, is a beta-blocker with a higher beta-1
selectivity than atenolol (16) and, therefore, causes less vaso-
constriction of the resistant vessels. There are no previous
studies comparing the effect of bisoprolol and nebivolol on
endothelial function; thus, prompting the present investiga-
tion. Our finding that nebivolol exerts a more beneficial effect
on endothelial function could be explained by its specific
mechanism of action. These results were independent from the
effects of nebivolol and bisoprolol on BP, which were similar, as
reported in other studies (19). Given the well-recognized con-
nection of endothelial dysfunction with untoward cardiovascu-
lar events, we suspect that long-term nebivolol treatment
would reduce the incidence of such events compared with
other beta-blockers.

The effects of nebivolol and bisoprolol on BP were investi-
gated in the Nebivolol, Bisoprolol Multicenter Study (NEBIS)
(19). There was no statistically significant difference in the
degree of BP control achieved with either therapeutic regimen
(5 mg dose) in 273 patients treated for 12 weeks. These results
are in accordance with our findings, which were, however,
determined with a considerably smaller group and shorter
treatment duration.

The FMD values at study initiation were relatively low for
patients without angina pectoris or established coronary artery
disease (20). This could be the result of untreated AH (3,5,6)
— SBP and DBP values at the beginning of the present study
were high and DBP was an independent predictor of FMD val-
ues in the multiple regression analysis.

We conducted the present study according to the guidelines
for ultrasound assessment of endothelial-dependent FMD of
the brachial artery (9), which recommend a study group of at
least 20 to 30 participants in a crossover design. As limitations
of our study, we acknowledge the open-label and single-centre
design, manual FMD measurement and the absence of
NO-independent vasodilation determination. Despite these
limitations, we believe that the present study contributes to
the understanding of the differential effects on endothelial
function of beta-blockers used in the treatment of AH.

CONCLUSION

In a randomized, open-label, crossover study in hypertensive
patients, we found that an eight-week treatment regimen with
nebivolol led to an improvement in baseline endothelial func-
tion. Such an effect was not found for bisoprolol. FMD values
were statistically significantly higher after nebivolol treatment
than with bisoprolol, despite the similar effects on BP with
either therapeutic agent.
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