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ABSTRACT

Objective: This study was aimed to investigate the effects of olmesartan or nebivolol treatment on blood pressure and some endothelial function
markers in newly diagnosed patients with stage 1 essential hypertension.

Methods: This randomized open label study included 85 newly diagnosed patients with stage 1 hypertension (50 males, mean age: 52+9 years).
Blood pressure, flow mediated vasodilatation (FMD) and echocardiographic measurements of the patients were taken before and 8 weeks after
the beginning of treatment with olmesartan or nebivolol. Nitric oxide, plasminogen activator inhibitor 1 (PAl-1) and C reactive protein (CRP)
levels measured in serum samples before and after treatment, were compared. Basal variables that can affect the antihypertensive response
were evaluated by multivariate logistic regression analysis.

Results: The reduction observed in the systolic and diastolic blood pressures after antihypertensive treatment was significant (p<0.05). FMD
was significantly improved after treatment in both nebivolol and olmesartan groups; however, there was no significant difference between
nebivolol and olmesartan groups (p=0.6). While CRP and PAI-1 levels decreased, nitric oxide levels increased in both nebivolol and olmesartan
treatment groups; but these changes were not statistically significant. No drug related complication was observed.

Conclusion: This study has indicated that olmesartan and nebivolol causes similar changes in blood pressure response, FMD and endothelial function
biomarkers improved. These results suggest that antihypertensive treatment, independent of the medication used, is associated with endothelial func-

tion improvement. (Anadolu Kardiyol Derg 2014; 14: 363-9)

Key words: flow mediated vasodilatation, endothelial biomarkers, antihypertensive treatment

Introduction

The endothelium has an important role in the maintenance of
vascular structure and tone owing to its roles in coagulation-
fibrinolysis system, platelet aggregation and vascular smooth
muscle cell proliferation (1, 2). It has been reported in numerous
studies that endothelin, which is one of the vasoconstrictor
molecules secreted from endothelium, is increased in both
hypertensive and pre-hypertensive patients and is associated
with a proinflammatory and prothrombotic state (3). Contrarily,
nitric oxide, one of the vasodilator agents secreted from endo-
thelium, is a strong vasodilator with a short half-life, and inhibits
platelet aggregation and adhesion, vascular smooth muscle cell
proliferation and migration (4, 5).

Assessment of endothelial functions is important as it is an
indicator of atherosclerosis (6). Measurement of flow-mediated
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vasodilation (FMD) of the brachial artery is one of the methods most
commonly used in assessing endothelial functions. Nitric oxide
(NO) is the most important molecule among those that enable this
vasodilation (1). Therefore, in endothelial dysfunction, along with
the impairment in vascular structure and tone, decreased endothe-
lial NO leads to a decrease in anti-inflammatory and antithrombotic
effects; thereby, a prothrombotic state is induced (7). Additionally,
‘plasminogen activator inhibitor-1" (PAI-1), which is secreted from
the endothelium, impairs the balance between normal haemostasis
and fibrinolysis and thus contributes to the prothrombotic state (8).

The relation between hypertension and endothelial dysfunc-
tion has been demonstrated in many studies (9, 10). Besides,
effective treatment of hypertension both prevents the occur-
rence of atherosclerotic diseases and causes improvement in
endothelial functions (11, 12). Previous studies have found that
the drugs that block the renin-angiotensin system had a higher

©Copyright 2014 by Turkish Society of Cardiology - Available online at www.anakarder.com
D0I:10.5152/akd.2014.4793



Nahit Sendur et al.
Antihypertensive therapy and endothelial markers

364

effect on FMD compared to the other antihypertensive drugs
(13, 14). However, third generation beta blockers in particular
also possess vasodilator properties. The present study investi-
gated the effects of olmesartan, which is frequently used in
antihypertensive therapy, and nebivolol, whichhas NO-dependent
vasodilator properties, on FMD and endothelial function mark-
ers.

Methods

Study group

Patients >18 years who presented to the outpatient clinics of
Internal Medicine Units of the Department of Internal Medicine,
between May 2009 and March 2010 and newly diagnosed with
stage 1 essential hypertension according to the recently pub-
lished guidelines of the European Society of Cardiology formed
the patient group of this randomized, open-ended study (15).
Patients, who had been receiving drugs with antihypertensive
effects for various reasons and had a blood pressure >160/100
mm Hg, those who had to receive combination therapy accord-
ing to the current guidelines, and those who had been receiving
or had to receive statins or antidiabetic therapy at the time of
admission, were not included in the study. Since renal or hepat-
ic dysfunction are likely to influence drug distribution and
metabolism and thus the response to antihypertensive therapy,
patients with elevated hepatic transaminase levels (greater than
3 folds) and elevated creatinine levels (>1.5 mg/dL) were also
excluded from the study In addition, pregnant women, patients
receiving non-steroidal anti-inflammatory drugs, those with a
body mass index (BMI) >35 kg/m2, those with hypothyroidism,
hyperthyroidism, systemic inflammatory disease and neoplastic
diseases, or those with a history of coronary artery disease or
peripheral artery disease were not included in the study.
Patients included in the study were randomized to olmesartan or
nebivolol groups in the order of admission to the outpatient
clinic. Blood pressure response and alterations in endothelial
functions were considered as the primary end points of the
study. Informed consents were obtained from the patients and
the study was approved by the local ethics committee (FON
09/39-40).

Measurements and examinations

Blood pressure

In accordance with the recommendations of the current
guidelines for hypertension, blood pressure measurement was
performed in both arms for at least 2 times at 5-minute intervals
and the mean of two measurements was calculated (15).
Patients with a blood pressure of 140/90 mm Hg and higher were
invited for a control blood pressure measurement one week
later and were evaluated in the same way for the second time.
Blood pressures of all patients were measured by the same
person using a mercury sphygmomanometer.
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Echocardiography

Echocardiographic images were obtained via GE Vivid 5
(General Electric, Vingmed, System Five, Horten, Norway) ultra-
sound machine using a 3.75 MHz standard probe in accordance
with the guidelines of “American Society of Echocardiography”
(16). Posterior wall thickness (PWT), interventricular septum
thickness (IVST), left ventricular end-systolic diameter (LVESD)
and left ventricular end-diastolic diameter (LVEDD) were mea-
sured in all patients. As was recommended by the American
Society of Echocardiography, left ventricular mass (LVM) was
calculated according to the Devereux method (17). Accordingly,
LVM=1.04 [(IVST+LVEDD+PWT)3-(LVEDD)3 1-13.6 (gr). “Left ven-
tricular mass index” (LVMI) was calculated dividing LVM by
body surface area.

Flow-mediated vasodilation

In the present study, FMD was measured by B-Mode
Ultrasound using a 7.5 MHz vertical vascular transducer
(General Electric, Vingmed, System Five, Horten, Norway) and
the diameter of the brachial artery and flow rate using a pulsed
Doppler signal at an angle 70° to the artery, were measured (18).
After brachial artery was identified at the antecubital fossa in
the longitudinal plane and after appropriate transducer position
was provided, this area was marked and the arm was kept in the
same position throughout the study. An appropriate size sphyg-
momanometer cuff was placed 2 cm proximal to the antecubital
fossa and inflated to 50 mm Hg over the systolic blood pressure
(SBP) and kept inflated for 5 minutes. Then the cuff was rapidly
inflated and at the 60th second of reactive hyperaemia observed
following deflation of the cuff FMD was obtained by measuring
the diameter of the brachial artery and by calculating the per-
centage of change in baseline diameter. For obtaining standard-
ized images, arterial diameter was measured at a fixed distance
from an anatomical marker. The distance from the anterior to the
posterior interface between the media and adventitia (M line)
was measured under continuous ECG monitoring synchronized
with the R wave peaks at the end of diastole. For each study, the
mean diameter was calculated from four cardiac cycles.
Brachial artery dilatation in response to reactive hyperaemia
was expressed as the percent change in the diameter before the
cuff was inflated.

Endothelial markers

Samples obtained from the patients before and after treat-
ment were centrifuged at 4°C for 10 minutes in the ‘Nuve nf 800r
Centrifuge’ branded device. The serum samples were transferred
into eppendorf tubes and kept at -80°C until the time of analysis.
After all samples were collected, they were analysed at the labo-
ratories of the Biochemistry Department. Nitric oxide
(nitrite+nitrate) and PAI-1 values were obtained after preparing
the standards for Elisa. C reactive protein (CRP) levels were mea-
sured by rate nephelometry (IMAGE, Backman, USA) method.
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Follow-up

The patients with newly diagnosed stage 1 hypertension
were assigned to olmesartan or nebivolol groups as a single
antihypertensive agent. After the patients were informed about
compliance with therapy, they were invited for control examina-
tions on the 8th week by phone. In addition to blood pressure
measurement, endothelial biomarker and FMD measurements
were repeated. No drug-related adverse event was observed.

Statistical analysis

Statistical analysis was performed using the SPSS for
Windows 15.0 program (SPSS, Chicago, IL). Numerical variables
were presented as mean+standard deviation, whereas categor-
ical variables were presented as number and percentage.
Baseline characteristics of the antihypertensive therapy groups
were compared by t-test or Chi-square test. Variables were
analysed by Shapiro-Wilk test and it was determined that vari-
ables showed normal distribution. Therefore, changes between
the pre-treatment and post-treatment were analysed by repeat-
ed measures analysis of variance in both groups. The level of
significance was set at =0.05. Baseline variables that could
affect antihypertensive response were analysed by multiple
logistic regression analysis. Endothelial function assessment
was done by the same researcher at every assessment and
intraobserver variability for the repeated measurements of the
resting diameter was found to be 0.1+0.06 mm.

Results

A total of 85 patients were analysed out of 96 patients, since
6 of the patients did not attend the control visits, and 2 patients
were diagnosed with coronary artery disease, 2 of them with
hyperparathyroidism and 1 patient with lung cancer during fol-
low-up. Forty two of 85 patients received olmesartan and the
remaining 43 patients received nebivolol. Females accounted for
54.8% of the patients receiving olmesartan therapy and 74.4% of
the patients receiving nebivolol therapy (p=0.095). Whilst the
mean age was 54.9+7.9 years in the olmesartan group, it was
50.1£9.4 years in the nebivolol group (p=0.013). No statistically
significant difference was determined between the groups
receiving antihypertensive therapy in terms of prevalence of
smoking, presence of family history of coronary artery disease,
and prevalence of metabolic syndrome. Moreover, baseline total
cholesterol, triglyceride, LDL, HDL, and fasting plasma glucose
levels of the patients receiving antihypertensive therapy were
similar in both groups (Table 1). In addition, no significant differ-
ence was found between the pre-treatment echocardiography
findings of the patients receiving olmesartan or nebivolol thera-
py in terms of left ventricular systolic functions and left ventricu-
lar mass indexes.

None of the patients receiving olmesartan therapy showed
impairment in liver function tests. Symptomatic bradycardia was
not observed in the patients receiving nebivolol therapy. The
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Table 1. Baseline demographic and clinical characteristics of the
cases

Olmesartan (n=42) | Nebivolol (n=43) P

Age, mean:Std. 54.9+7.9 50.149.4 0013
deviation
Gender, female 23/19 (54.8/45.2) 32/11 (74.4/25.6) 0.095
/male
Smoking| Never 22 (52.4) 28 (65.1)

smoked

Quitted 9(21.4) 4(9.3) 0.268

Current 11(26.2) 11 (25.6)

smoker
Family history of 31/11(73.8/26.2) 32/11(74.4/25.6) 0.949
CAD, no/yes
Metabolic 18/24 (42.9/52.1) 19/24 (44.2/55.8) 0.902
syndrome, no/yes
Total cholesterol, 203.9+36.3 202.0+38.2 0.810
mg/dL
Triglyceride, mg/dL 134.2+52.5 143.2+57.8 0.456
LDL, mg/dL 130.0£29.9 122.8+28.3 0.260
HDL, mg/dL 52.4+11.6 56.6+13.8 0.136
Fasting plasma 95.2+10.5 93.6£11.0 0.084
glucose, mg/dL
BMI, kg/m2 Olmesartan (n=42) 30.6+3.8 30.6+3.9

Nebivolol (n=43) 30.4+4.7 30.4+4.6

Waist Olmesartan (n=42) 104.1£10.9 104.1£11.0
circumference, cm | Nghivolol (n=43) 101.0£125  [100.9+12.2
BMI - body mass index; CAD - coronary artery disease; HDL - high density lipoprotein;
LDL - low density lipoprotein

mean creatinine level increased from 0.82+0.19 mg/dL before
treatment to 0.83+0.18 mg/dL after treatment in patients receiv-
ing olmesartan therapy; whereas, it increased to 0.75+0.14 mg/
dL after treatment from 0.74+£0.16 mg/dL before treatment
(p>0.05) in patients receiving nebivolol therapy. The change was
not statistically significant in either group.

Blood pressure

Pre-treatment SBP was 154.2+4.0 mm Hg in patients receiv-
ing olmesartan therapy and 151.2+4.1 mm Hg in patients receiv-
ing nebivolol therapy; whereas, post-treatment SBP was
131.4£11.8 mm Hg in patients receiving olmesartan therapy and
132.3+9.6 mm Hg in patients receiving nebivolol therapy. While
the decrease in SBP was statistically significant in each treat-
ment group, no significant difference was found between the
groups (p=0.452) (Fig. 1). The mean age of the patients in the
olmesartan group was found to be higher than that of the
patients in the nebivolol group (p=0.013). Antihypertensive
response according to age was assessed by multiple logistic
regression analysis. No significant difference was found
between the groups when adjusted according to the age
(p=0.516). Pre-treatment DBPs were 94.9+2.4 mm Hg and
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93.9+2.5 mm Hg, in patients receiving olmesartan and nebivolol
therapy, respectively; whereas post-treatment DBP was 83.2+2.4
mm Hg in the patients receiving olmesartan therapy and 84.8+6.4
mm Hg in the patients receiving nebivolol therapy. Although the
decrease in diastolic blood pressure was statistically significant
in each group, no significant difference was found between the
groups (p=0.752).

Flow-mediated vasodilation

Pre-treatment and post-treatment brachial artery diameters
were similar (p=0.887 and p=0.584 respectively) in patients receiv-
ing olmesartan therapy and nebivolol therapy. With regard to per-
cent change in FMD, it was observed that FMD increased to
8.0+2.5% from 5.5£2.1% in patients receiving olmesartan therapy
(p<0.001) and to 8.1£2.7% from 5.9+2.1% in patients receiving
nebivolol therapy (p<0.001) (Table 2). The change in either group was
similar with no statistical difference between the groups (p=0.6).

Endothelial markers

The pre-treatment and post-treatment endothelial marker
levels in the olmesartan and nebivolol groups are demonstrated
in Table 3. While there was a decrease in CRP and PAI-1 levels
and an increase in nitric oxide values in both treatment groups,
no significant result was obtained (Table 3).
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Discussion

As far as we know, the present study is the first study that
investigates the antihypertensive efficacy of nebivolol, which
has highly selective vasodilator effects, and olmesartan, which
is an angiotensin receptor blocker, and their effects on endothe-

160
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1304 I
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systolic blood pressure (mm Hg - 95% Cl)

T T
Pre-treatment Post-treatment

Figure 1. The changes in systolic blood pressure levels after treatment
in patients receiving olmesartan or nebivolol therapy

Table 2. The changes in brachial artery diameter and flow-mediated vasodilation (FMD) values with olmesartan and nebivolol therapies

Variable Drug Before treatment | After treatment Time Group Time group Intragroup
Brachial artery diameter, mm | o o an (n=d2) | 3.6:047 361046 F=6.225 F=0070 F=0.387 ;j]g‘;’
Nebivolol (n=43) 36:047 3664053 P=0.015 P=0792 P-0535 F=4.917
T R ' ’ ’ P=0.029
0, —
FMD, % Olmesartan (n=42) | 55221 8.0£25 F-104797 | F=0277 F=0.461 F=58.885
P<0.001
Nebivolol (n=43) 5.9+2.1 8,127 P<0.001 P=0600 p-0dgy | 4622
p<0.001
FMD - flow-mediated vasodilation
Table 3. The changes in endothelial markers with olmesartan and nebivolol therapies
Before treatment | After treatment Time P Group P | Time group P | Intragroup P
Olmesartan (n=42) 0.70+0.73 0.49:0.37 F=13.284
CRP mg/dL F=8.557 F=5.240 F=5.105 p<0.001
Nebivolol (n=43) 0.41+0.22 0.39+0.22 P=0.004 P=0.025 P=0.026 F=0.224
P=0.637
Nitrite +Nitrate total (uM) | Olmesartan (n=42) 11.7+£3.8 13.3+8.3 F=1.135
F<0.001 F=0.930 F=2.356 P=0.290
Nebivolol (n=43) 14.5+9.2 12.946.2 P=0.984 P=0.338 P=0.129 F=1.223
P=0.272
PAI-1, pg/mL Olmesartan (n=42) 3682.0+837.1 3511.4£1101.3 F=0.782
F=3.019 F=0.496 F=0.230 P=0.379
Nebivolol (n=43) 3617.4+1140.9 3316.7£1104.9 P=0.086 P=0.483 P=0.633 F=2.488
P=0.119
CRP - C reactive protein; PAI - plasminogen activator inhibitor
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lial function markers. According to the results of this study, the
decrease in systolic and diastolic blood pressure (DBP), the
increase in FMD and the changes in endothelial markers were
similar both in patients receiving olmesartan and in those
receiving nebivolol.

In the 2007 Guidelines for the Management of Arterial
Hypertension and the 2009 Reappraisal of European guidelines
on hypertension management of the European Society of
Cardiology and European Society of Hypertension, it has been
stated that all antihypertensive medications cause similar
reduction in blood pressure and there is no difference between
the groups (15). However, numerous studies comparing the effi-
cacy of antihypertensive drugs have been conducted. Stumpe et
al. (19) in their study on patients with mild-moderate hyperten-
sion, found that blood pressure response was similar with
atenolol and olmesartan therapy at the end of 104 weeks; whilst
the decrease in mean SBP was 24.6 mm Hg and the decrease in
mean DBP was 15.2 mm Hg at the end of 104 weeks in patients
receiving olmesartan therapy, the decrease in mean SBP was
21.5 mm Hg and the decrease in mean DBP was 13.8 mm Hg in
patients receiving atenolol therapy. Van Nueten et al. (20), who
investigated the effects of nebivolol and enalapril, an angioten-
sin converting enzyme inhibitor, on blood pressure response,
gave 5 mg of nebivolol or 10 mg of enalapril to patients with mild-
moderate hypertension; whilst the decrease in mean SBP was
14 mm Hg and the decrease in mean DBP was 12.3 mm Hg at the
end of 3-months treatment period in patients receiving nebivolol
therapy, the decrease in mean SBP was 13 mm Hg and the
decrease in mean DBP was 9.9 mm Hg in patients receiving
enalapril therapy. In the present study, nebivolol, a new genera-
tion beta blocker, was compared with olmesartan and SBP/DBP
decreased by 22.8/11.7 mm Hg at the end of 8 weeks in patients
receiving olmesartan therapy, whereas a decrease of 19.8/10.7
mm Hg was observed in patients receiving nebivolol therapy.

Unfavourable effects of hypertension on endothelial function
has been known for a long time (21). Previous studies have dem-
onstrated that cardiovascular risk factors including hyperten-
sion impair endothelial functions by initiating oxidative stress
and pro-inflammatory process and decrease NO synthesis,
which enables vasodilation (22, 23). In the present study, besides
the blood pressure lowering effects of antihypertensive drugs,
their effects on endothelial functions have been assessed by
flow-mediated vasodilation method. In the present study, while
a statistically significant increase was observed in FMD in the
nebivolol and olmesartan therapy groups at the end of 8 weeks,
the change in the treatment groups was similar. Lekakis et al.
(24) investigated the effects of nebivolol, one of the new genera-
tion beta blockers, on FMD in patients with a history of coronary
artery disease. On the 4th week of nebivolol and atenolol treat-
ments, they observed a significant increase in FMD in patients
receiving nebivolol; however, this effect was not observed in
patients receiving atenolol; and they stated that this effect of
nebivolol might be nitric oxide-mediated. In another study that
used telmisartan, an angiotensin receptor blocker, a significant
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increase was observed in 8-weeks FMD values versus pre-
treatment values in patients with SBP/DBP <180/100 mm Hg (25).
Perrone-Flardi et al. (26) in patients with hypertension or coro-
nary artery disease receiving beta blockers added candesartan
or placebo to the treatment; while no change was observed in
the blood pressure of patients that received additional candes-
artan at the end of 2 months, a significant increase was
observed in FMD as compared to placebo. The results of this
study demonstrate that both new generation beta blockers and
angiotensin receptor blockers have favourable effects on FMD.

Tarighi et al. (27) conducted a study in 35 patients with mild-
moderate hypertension and investigated the effects of nebivolol
therapy on prothrombotic markers and observed a statistically
significant decrease in tPA and fibrinogen levels on the 2nd
month, whereas a non-significant decrease was observed in
PAI-1 levels. Erdem et al. (28) stated that the effects of angioten-
sin converting enzyme inhibitors on fibrinolytic system might
occur via angiotensin Il blockade. Remkova et al. (29) investi-
gated the effects of telmisartan or perindopril therapies on pro-
thrombotic state in hypertensive patients; whilst a decrease
was observed in PAI-1 levels and other thrombotic markers at
the end of the 15t month in patients receiving perindopril, no
significant change was observed in PAI-1 levels in patients
receiving telmisartan therapy although a decrease was observed
in fibrinogen levels. In the present study, a decrease was
observed in CRP and PAI-1 levels at the end of 8th week in both
treatment groups, whereas an increase was determined in
nitrite and nitrate levels, which are NO products. It has been
suggested that endothelial dysfunction in hypertensive patients
results from decreased synthesis of molecules such as NO that
is secreted from the endothelium and cause vasodilation,
decreased vascular smooth muscle cell response to these mol-
ecules, increased secretion of vasoconstrictor molecules, and
activation of renin-angiotensin-aldosterone system (1, 2). It has
been propounded that angiotensin receptor blockers improve
endothelial functions by decreasing vasoconstriction due to
binding to angiotensin Il type 1 receptors, as well as hinding to
the type 2 receptors that enhance NO synthesis (30, 31). Beta
blockers have been reported to improve endothelial function
markers by decreasing reactive oxygen molecules; but, nebivo-
lol in particular, improves endothelial functions by enhancing
NO synthesis (32). In the present study, improvement was
observed in endothelial markers in both treatment groups with
no significant intergroup or intragroup difference. In studies, the
changes in endothelial biomarkers may seem to be prominent
because of short follow-up period; therefore, it is thought that
the precise effects of these drugs on endothelial markers might
not have completely developed in this study.

Study limitations

One of the major limitations of this study is the limited number
of study population. In addition, BMI of the study participants was
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approximately 30 kg/m2, thereby the results of the present study
cannot be generalized to all hypertensive patients. Moreover, flow
rate was not assessed during FMD measurements. Another limi-
tation is the fact that assessment of adherence to therapy relied
on self-reported history of the patients. However, the study is
important as being the first study that compared the effects of
olmesartan, an angiotensin receptor blocker, and nebivolol, a
highly-selective beta blocker. Although the number of cases was
small, the study included higher number of cases than the clinical
studies with published results, among the studies that investigat-
ed endothelial functions and numerous parameters. We think that
the present study will illuminate detailed clinical studies that
would strengthen the evidence on this subject.

Conclusion

In conclusion, in the present study that investigated the
effects of olmesartan and nebivolol therapies on blood pres-
sure response and endothelial markers in newly diagnosed
stage 1 hypertensive patients, an improvement was observed
both in FMD and endothelial function markers in addition to
blood pressure response at the end of 8 weeks and these
results were found to be similar in both groups. Large-scale
studies are needed on the clinical outcomes of the effects of
antihypertensive drugs on endothelial biomarkers or prothrom-
botic markers in addition to their blood pressure-lowering
effects.
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