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Abstract

Research Paper

Introduction

Microalbuminuria  (MA) is a well‑known predictor of poor 
renal and cardiovascular events in patients with essential 
hypertension and type 2 diabetes mellitus (DM).[1] The National 
Kidney Foundation’s Outcomes Quality Initiative guidelines 
define MA as an abnormally increased excretion of albumin 
in the specific range of 30–300 mg in 24 h urine collection 
or albumin to creatinine ratio of 30–300 mg/g in a spot urine 
specimen or albumin concentration of >3 mg/dl in a spot urine 
specimen using an albumin‑specific dip stick.[2]

Several studies have shown the prevalence of MA in 
hypertensive patients between 6.7% to 51% depending on 
the selection criteria, the severity of hypertension, age, 
and ethnic group.[1,3] The advent of more sensitive methods 
to quantitate urinary albumin excretion has revealed 
a higher frequency of MA. Indian study by Aggarwal 
et al., have shown a prevalence of 47% of MA in Indian 
hypertensive patients.[4] The prevalence of MA in people 
with both hypertension and diabetes, as would be expected, 
is alarmingly high at 58.6%.[5]

The exact pathogenesis of MA in patients with essential 
hypertension has not been established. Putative mechanisms 
include: increased glomerular hydrostatic pressure due 
to defect in autoregulation, increased permeability of 
glomerular basement membrane, overactivation of 
renin‑angiotensin‑aldosterone system (RAAS) and sympathetic 
nervous system  (SNS), oxidative stress, inflammation, and 
endothelial dysfunction. RAAS and SNS activation are crucial 
in the pathogenesis of hypertension, cardiovascular and renal 
disease. Reactive oxygen species  (ROS) are an important 
mediator of adverse RAAS‑induced renal and cardiovascular 
effects. Increased level of ROS reduces the production of 
endothelium‑derived nitric oxide  (NO) through inhibition 
and/or uncoupling of nitric oxide synthase (NOS) enzymes. 

Objective: To evaluate the effect of nebivolol on microalbuminuria (MA) in hypertensive patients with or without type 2 diabetes mellitus. 
Materials and Methods: This was an open‑label, prospective study. Drug naive patients with stage I hypertension with or without type 2 
DM with MA (urine albumin: creatinine ratio [UACR] between 30–300 mg/g) were enrolled in the study and were started on nebivolol 5 
mg orally once daily. Efficacy parameters UACR, blood pressure (BP) were measured at baseline and 24 weeks. Paired t‑test was used to 
analyze efficacy endpoints. P < 0.05 was considered to be statistically significant. Results: A total of 30 participants completed the study. 
Participants who received nebivolol showed a significant decrease in mean UACR, systolic BP, and diastolic BP at 24 weeks compared to 
baseline (P < 0.001). No participant discontinued the study because of adverse events. Conclusion: Nebivolol has a favorable effect on MA 
in addition to its antihypertensive effect in hypertensive patients. Further studies with large samples are required to characterize this effect of 
nebivolol on clinical outcomes.
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Decreased production of NO leads to endothelial dysfunction 
and associated glomerular injury and early proteinuria.[6,7]

Numerous studies show that early detection and treatment of 
MA is essential for the prevention of micro and macrovascular 
complications of hypertension and diabetes. Lowering blood 
pressure (BP) by different antihypertensive agents has been 
shown to be able to reduce urinary protein excretion in patients 
with essential hypertension with or without diabetes. Recent 
guidelines recommended RAAS blockers as the agents of first 
choice for the management of hypertension in patients with 
MA and proteinuria, because of the significant renal‑protective 
effects of this class of drugs.[8,9] However, these agents are 
associated with cough, angioedema, hyperkalemia and are 
contraindicated in renovascular hypertension.[10] Recent studies 
have reported that vasodilatory beta‑blockers like nebivolol 
have adequate antihypertensive efficacy and less harmful 
effects on the metabolic profile, and also exert beneficial effects 
on endothelial function and renal protection.[11‑14]

Nebivolol is a third‑generation beta‑blocker, has a unique 
profile among antihypertensive drugs. It is a highly selective 
antagonist of β1‑adrenergic receptors and agonist of β3 
receptors and induces vascular production of NO, the primary 
endothelial vasodilator. The specific mechanism of nebivolol is 
particularly pertinent in hypertension, where NO dysfunction 
occurs.[15] Studies in animal models have shown that nebivolol 
has the ability to reduce the levels of ROS, attenuate oxidative 
stress and endothelial dysfunction.[7,16] Further nebivolol have 
shown beneficial effects on renal hemodynamics, it increased 
renal plasma flow and glomerular filtration rate  (GFR) in a 
dose dependent manner.[15] At recommended doses, nebivolol 
decreased plasma renin and aldosterone levels in hypertensive 
and normotensive patients.[17] In addition, clinical studies have 
shown that nebivolol provides significant BP and MA reductions 
with neutral or beneficial effects on metabolic parameters (lipid, 
glucose, insulin) in patients with diabetes and hypertension.[12] 
This evidence suggests that nebivolol could offer a favorable 
effect on proteinuria in addition to its antihypertensive effect in 
hypertensive patients with or without diabetes. There have been 
limited clinical studies [12,13] exploring the effects of nebivolol 
treatment in states of MA. Hence, this study was undertaken to 
evaluate the effect of nebivolol on MA in hypertensive patients 
with or without type 2 DM.

Materials and Methods

An open‑label, prospective study was conducted in the 
Department of Pharmacology in collaboration with the 
Department of Medicine in Gandhi Medical College, 
Secunderabad after taking approval from the Institutional 
Ethics Committee  (IEC/GMC/2011/dated 07‑11‑2011). 
Written informed consent was taken from all the patients prior 
to participation in the study. The participants were enrolled 
from the general medicine outpatient department (OPD) and 
the study was conducted for 13 months from November 2011 
to November 2012.

Drug naïve patients of either gender, aged 30–70  years, 
having stage‑I hypertension  (systolic BP  [SBP] between 
140–159 mmHg or diastolic BP  [DBP] 90–99 mmHg 
according to Joint National Committee VII guidelines[18]) or 
stage‑I hypertension with type 2 DM with MA (urine albumin: 
creatinine ratio [UACR] between 30–300 mg/g) were included 
in the study.

Patients with overt proteinuria, Type‑1 DM, urinary tract 
infection, Stage 2 hypertension  (BP  ≥160/100 mmHg), 
secondary hypertension, chronic obstructive pulmonary 
disease, bronchial asthma, hepatic and renal diseases, 
significant peripheral vascular disease, sinus bradycardia, 
sick sinus syndrome, A‑V block greater than first degree 
were excluded from the study. Further, subjects with a history 
of unstable angina, myocardial infarction, heart failure, 
cerebrovascular accidents and sensitivity or significant adverse 
reactions to β‑blocker therapy were also excluded. Pregnant 
and lactating women were not included in the study.

Drug naïve adult patients with stage‑I hypertension with or 
without type 2 DM attending the medicine OPD were first 
screened for urine albumin by Albustix dipstick method. 
Morning mid‑stream urine sample, negative for proteinuria by 
Albustix was used to test for MA. A total of 34 participants with 
MA satisfying the inclusion and exclusion criteria were enrolled 
in the study and were started on nebivolol 5 mg orally once 
daily. Participants’ demographic details, the past and current 
medical and drug history, personal history, pulse, BP were 
recorded in a structured case record form. Participants were 
followed up with BP recording every 2 weeks until the end of 
the study. Urine albumin to creatinine ratio was performed in 
the early morning urine samples of all the selected patients at the 
start of the study and repeated at the end of 24 weeks. All these 
patients were advised health‑promoting lifestyle modifications 
and in participants with coexistent diabetes, increased blood 
glucose levels are controlled with diet, oral hypoglycemic 
drugs or insulin. Participants were enquired for the presence of 
adverse drug reaction (ADR) at every visit, and any reported 
ADRs were recorded in the case report form. Compliance with 
therapy was assessed by pill count method.

Five milliliter of first‑morning midstream urine sample was 
collected in a sterile container and analyzed for MA. All 
participants were afebrile at the time of the collection of urine. 
The participants were asked to avoid exercise or exertion 
before urine collection. In the women, urine was collected 
during the nonmenstrual phase of their cycles. The estimation 
of urinary albumin was carried out by immunoturbidimetry 
assay using the Tina‑quant Albumin Gen. 2 kit  (Roche 
Diagnostics Indianapolis USA cat. no. 190) method on 
Roche Hitachi 917 chemistry analyzer. Urinary creatinine 
was estimated by Buffered kinetic Jaffe’s reaction by using 
Creatinine Jaffe Gen. 2 kits (Roche Diagnostics Indianapolis 
USA cat. no. 190).

BP was measured on the right arm of the participants by the 
auscultatory method using a sphygmomanometer with an 
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appropriate cuff size in the sitting position after 5 min of rest. 
The 1st and the 5th Korotkoff’s sound were used to determine 
the SBP and DBP measurements, respectively. The median 
value of two consecutive measurements taken at 5 min interval 
was used for the study.

Efficacy parameters
The primary efficacy endpoint was the mean change in urine 
albumin to creatinine ratio  (MA) from baseline to the end 
of 24 weeks and secondary efficacy endpoint was the mean 
change in SBP and DBP from baseline to the end of the 
24 weeks.

Statistical analysis
Data were presented as mean  ±  standard deviation. Paired 
t‑test was done to determine the changes in urine albumin 
to creatinine ratio and BP within the group. A  P  <  0.05 
was considered to be statistically significant. The statistical 
analysis was done using the Graph Pad Prism software, 
version 4 (Graph Pad Software, La Jolla, CA, USA).

Results

A total of 34 eligible participants were enrolled in the study. Out 
of 34 enrolled participants, three participants were excluded 
from the study because of noncompliance and one subject lost 
the follow‑up. A total of 30 (20 males, 10 females) participants 
completed the study and were included in the analysis. The 
mean age of the study population was 55.6 ± 8.54 years. Of 

the 30 subjects, 11 subjects (8 males and 3 females) had stage 
I hypertension, 19 participants (12 males, 7 females) had both 
hypertension and type 2 DM. The participant’s disposal has 
been depicted in the consort study flow chart [Figure 1].

Urine albumin to creatinine ratio was calculated to determine 
MA. The effect of nebivolol on urine albumin to creatinine is 
shown in Figure 2. In the present study, it was observed that 
nebivolol significantly reduced urine albumin creatinine ratio 
from 87.12 ± 28.79 to 70.5 ± 31.41 at the end of the 24 weeks 
compared to baseline  (P < 0.001). Further mean percentage 
change was also calculated, and the observed mean percentage 
decrease in UACR was 21% from baseline to the end of the 
24 weeks.

The effect of nebivolol on BP has been shown in Figures 3 and 4. 
It was found that nebivolol significantly decreased mean SBP 
from 150.93 ± 5.03 to 128.53 ± 5.22 mmHg [Figure 3] and 
mean DBP from 93.13 ± 2.66 to 81.27 ± 2.85 mmHg [Figure 4] 
at the end of the 24 weeks compared to baseline (P < 0.001). 
The observed mean percentage reduction was 14.84% in SBP 
and 12.74% in DBP.

All participants tolerated therapy well. There were no serious 
adverse events recorded in the study. Two participants 
complained of headaches which got resolved with symptomatic 
treatment. None of the patients discontinued the study 
prematurely because of adverse events.

Assessed for eligibility (n = 106)

Excluded (n = 72)
• Not meeting inclusion criteria (n = 69)
• Declined to participate (n = 3)
• Other reasons (n = 0)

Eligible participants (n = 34)

Diabetes and hypertension (n = 22)

Enrollment

Groups

Follow-Up

 Only hypertension (n = 12)

Non compliance (n = 3) Lost to follow-up (n = 1)

Analysed (n = 19)
Urine for microalbuminuria

and blood pressure

Analysed (n = 11)
Urine for microalbuminuria

and blood pressure

Analysis

Figure 1: The participant’s disposal in the study (CONSORT flow chart)
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Discussion

In this prospective study, participants who received nebivolol 
5 mg/day for 6 months have shown a significant reduction in 
MA (P < 0.001) in addition to substantial reductions in SBP 
and DBP (P < 0.001).

MA is an early predictor of both renal and cardiovascular events 
in hypertensive and diabetic patients. Prevailing preclinical and 
clinical data suggest that generalized endothelial dysfunction 
frequently characterized by decreased NO bioavailability, 
actually precedes the development of MA. One of the key 
factors in endothelial dysfunction is overproduction of ROS 
which cause injury to both renal and systemic vascular beds.[19] 
The modulation of MA and endothelial function might provide 
beneficial effects on future cardiovascular and renal outcomes.

Nebivolol is a third‑generation selective β1‑  blocker with 
vasodilator activity. The vasodilator effect is attributed 
largely to the activation of endothelial NOS and increased 
NO release. In addition, nebivolol also possesses free radical 
scavenging activity with promising antioxidant properties. 
Tzemos et al. in a randomized, double blind, crossover trial in 
hypertensive patients with endothelial dysfunction showed that 
nebivolol reverses endothelial dysfunction through increased 
basal and stimulated endothelial NO release.[20] Mason et al. 
demonstrated that nebivolol prevented eNOS uncoupling 
and restored NO bioavailability in endothelial cells. The 
investigators also reported that the most beneficial action of 
nebivolol on endothelial function is the reduction of oxidative 
stress by the inhibition of NAD (P) H oxidase activity and/or 
direct antioxidant properties of nebivolol.[21] Sendur et  al., 
investigated the effects of olmesartan or nebivolol treatment 
on BP and endothelial function biomarkers  (flow‑mediated 
vasodilatation, NO and plasminogen activator inhibitor‑1) in 
newly diagnosed patients with stage 1 essential hypertension. 
The investigators concluded that olmesartan and nebivolol 
causes similar improvement in BP response and endothelial 
function biomarkers.[22]

The beneficial effect of nebivolol on proteinuria was 
demonstrated in an animal study done by Whaley‑Connell 
et  al. The investigators reported that nebivolol treatment 
results in reductions in proteinuria in the Transgenic Ren2 Rat 
model of RAAS activation that demonstrates hypertension, 
insulin resistance, and proteinuria. Whaley‑Connell et  al., 
also reported that treatment with nebivolol helps maintain 
the integrity of podocyte‑specific proteins in concert with a 
reduction in NADPH oxidase/ROS formation and increases 
eNOS levels in renal cortical tissue.[7]

Clinical studies demonstrating the beneficial effect of nebivolol 
on MA in patients with hypertension are limited. In a pilot study 
of 33 patients with severe renal artery stenosis who underwent 
revascularization, nebivolol  (n = 17) significantly increased 
the estimated GFR and decreased proteinuria  (P = 0.04) as 
compared with the control group.[13] A study done by Fogari 
et al. in hypertensive subjects with type 2 diabetes demonstrated 
that nebivolol in a dose of 5 mg/day given for 24  weeks 
significantly reduced mean SBP and DBP (P < 0.001). Besides, 
Fogari et al. also demonstrated nebivolol caused a decreasing 
trend in proteinuria in the study population.[14] Yestono 
study,[12] a prospective, open‑label, multicenter, postmarketing 
surveillance study was conducted in 2838 patients in Germany 
with arterial hypertension and concomitant type 2 diabetes 
for 3 months. This study showed that nebivolol has a good 
antihypertensive effect, with positive changes in metabolic 
parameters including MA, lipid levels and glycosylated 
hemoglobin. A recent study (2017) done in Russia by Krivonos 
and Kolomiyets reported that addition of nebivolol at a dose of 
5 mg/day to ongoing antihypertensive therapy with lisinopril 
in the dose of 10 mg and amlodipine 5 mg in type 2 diabetic 
hypertensive patients caused a significant reduction in the MA, 
creatinine and improvement in lipid metabolism.[23]

In our study, we observed that nebivolol in a dose of 5 mg/day 
for 6 months, significantly reduced MA (P < 0.001) in addition 

Figure 2: The effect of nebivolol on urine albumin to creatinine ratio (mg/g) 
at baseline and 24 weeks (mean ± SE). Baseline versus at 24 weeks 
P < 0.001. Error bars represent standard error (SE)

Figure 3: The effect of nebivolol on systolic blood pressure (mm of Hg) 
at baseline and 24 weeks (mean ± SE). Baseline versus at 24 weeks 
P < 0.001. SBP: Systolic blood pressure, Error bars represent standard 
error (SE)
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to its antihypertensive effects. Our study results were similar 
to those of Yestono study and Fogari study.

In the present study, the significant reduction in MA levels in 
participants of essential hypertension on nebivolol treatment 
may be explained by its unique dual mechanism of action 
and its antioxidant properties. Beneficial change in MA 
with nebivolol might be partly due to improved BP control 
and partly due to significant improvement in endothelial 
dysfunction through restoration of NO bioavailability and 
reduced oxidative stress by nebivolol.

An advantage of the present study was that it was a prospective 
longitudinal design. Limitations of the study were small sample 
size; short duration and lack of control subjects.

Conclusion

In the present study, nebivolol significantly reduced MA in 
addition to BP in hypertensive patients with or without type 2 
diabetes. Thus, it is suggested that nebivolol has a favorable 
effect on MA in addition to controlling BP. Further studies 
with large samples are required to characterize this effect of 
nebivolol on clinical outcomes.
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