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Nebivolol, a vasodilatory b1-blocker, may be well suited for
the hemodynamics of the younger hypertensive patient. In
this 8-week trial, 18- to 54-year-olds with a diastolic blood
pressure (DBP) of 95 mm Hg to 109 mm Hg who completed
a 4-week placebo-only phase were randomized to receive
nebivolol (5 mg/d, titrated to 10–20 mg/d based on achieve-
ment of blood pressure <140/90 mm Hg [n=427]) or placebo
(n=214). Primary and secondary efficacy parameters were
changes in trough seated DBP and systolic blood pressure
(SBP), respectively. Safety parameters included adverse
events (AEs). The baseline mean age was 45.3 years;

SBP/DBP, 154/100 mm Hg; and heart rate, 78 beats per
minute. Completion rates were 91.3% (nebivolol) and 88.3%
(placebo). At endpoint, there was a significant effect of
nebivolol over placebo for DBP (�11.8 mm Hg vs �5.5 mm
Hg, P<.001) and SBP (�13.7 mm Hg vs �5.5 mm Hg,
P<.001). Total AE rates were 34.7% (nebivolol) and 32.2%
(placebo). Nebivolol monotherapy is efficacious and well
tolerated in adults younger than 55 years of age
with increased DBP. J Clin Hypertens (Greenwich).
2013;15:687–693. ª2013 Wiley Periodicals, Inc.

Studies have demonstrated a positive correlation
between elevated blood pressure (BP; ie, prehyperten-
sion or hypertension) at a younger age and rates of
cardiovascular morbidity and mortality later in life.1–4

These findings are supported by observations that
elevated BP among young individuals is associated with
pathological changes in target organs, such as coronary
artery calcification,5 atherosclerosis,6 increased carotid
intima-media thickness,7,8 endothelial dysfunction,9 and
increased coronary calcium.10

Probably because the prevalence of hypertension
among individuals 60 years and older is approximately
twice the one observed among individuals aged 40 to
59 years,11 clinical trials have largely neglected to
specifically address treatment issues among younger
patients. A post hoc analysis conducted by E. Freis on
behalf of the Veterans Administration Cooperative
Study Group on Antihypertensive Agents suggested that
the effect of thiazide diuretics on BP is larger in older
(55–69 years) compared with younger patients (21–
55 years), a difference that could not be observed with
b-blockers.12 In addition, a meta-analysis by F. Turnbull
and colleagues, done on behalf of the Blood Pressure
Lowering Treatment Trialists’ Collaboration, found
that age (younger than 65 vs 65 years and older) is
not a factor that significantly determines a drug’s BP-
lowering effects or protection against major cardiovas-
cular events, regardless of drug class.13 However, the

hemodynamic profile of hypertension in a younger
individual—increased sympathetic tone, pulse rate,
and left ventricular contractility (dP/dt), as well as
decreased proximal arterial compliance14,15—is distinct
from the hemodynamic profile of the elderly, which
includes lower cardiac output, pulse rate, stroke vol-
ume, and plasma renin activity.16 As such, hypertension
in younger patients deserves a separate assessment in
prospective, randomized clinical trials.

Nebivolol is a b1-selective blocker with nitric oxide–
dependent vasodilatory properties.17 In clinical trials, it
has been shown to have an adverse event profile similar
to that of placebo,18,19 making it attractive for use in
younger individuals. The purpose of this trial was to
assess the efficacy and tolerability of nebivolol as first-
line therapy in adults 18 to 54 years old with stage 1 or
2 hypertension. To our knowledge, this is the first
prospective, randomized, placebo-controlled trial of an
antihypertensive agent in this age group.

METHODS

Ethical Conduct
This study was conducted in compliance with the
International Conference on Harmonisation of Techni-
cal Requirements for Registration of Pharmaceuticals
for Human Use (ICH) General Considerations for
Clinical Trials and the US Food and Drug Administra-
tion guidelines for good clinical practice and in accor-
dance with the ethical principles that originate from the
Declaration of Helsinki and the US Food and Drug
Administration Code of Federal Regulations Title 21,
section 312.120. All enrolled patients provided volun-
tary, written informed consent prior to participating in
any study procedures. The study protocol, informed
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consent form, and information sheet advertisements
were approved by the centralized institutional review
board (Quorum IRB, Seattle, WA).

Study Design
This was a phase IV, multicenter, randomized, double-
blind, placebo-controlled, parallel-group dose-titration
trial (NEB-MD-28; NCT01415531). Following a 1-
week screening, participants entered a 4-week single-
blind placebo run-in phase, followed by a double-blind
treatment period in which participants were randomized
(2:1) to treatment with nebivolol 5 mg/d or placebo.
Randomization was stratified by body mass index
(BMI). After their BMI was calculated at randomiza-
tion, participants at each center were divided according
to BMI values (<30 or ≥30 kg/m2) before being assigned
their randomization codes. Dosages could be uptitrated
to 10 mg/d or 20 mg/d nebivolol (or the placebo
equivalent) every 2 weeks as necessary to achieve BP
control, defined as <140/90 mm Hg for individuals
without diabetes or <130/80 mm Hg for those with
diabetes. After 8 weeks of double-blind treatment, the
study drug could be tapered off in a 1-week double-
blind down-titration phase at the principal investiga-
tors’ discretion.

Participants
Men and women 18 to 54 years of age were eligible to
participate if they had a heart rate of ≥55 beats per
minute, a normal physical examination, and stage 1 or 2
hypertension with a recent diastolic BP (DBP) measure-
ment of ≥90 mm Hg and <110 mm Hg if currently
receiving hypertension treatment or DBP ≥95 mm Hg
and <110 mm Hg at screening if currently untreated.
Participants were randomized if they demonstrated
≥80% and ≤120% adherence with single-blind study
medication, DBP measurements ≥95 mm Hg and
<110 mm Hg, and a seated pulse rate of ≥55 beats per
minute. Major reasons for exclusion were secondary
hypertension, severe hypertension (systolic BP [SBP]
≥180 mm Hg or DBP ≥110 mm Hg), current treatment
with >2 antihypertensive medications (including com-
ponents of fixed-dose combinations), contraindication
to discontinuing current antihypertensive treatment,
upper arm circumference >42 cm, the presence of
coronary artery disease, reactive airway disease, chronic
obstructive pulmonary disease, second- or third-degree
heart block or sick sinus syndrome, or type 1 diabetes,
poorly controlled type 2 diabetes (hemoglobin A1C

>8%), or uncontrolled thyroid disease within 3 months
of screening.

Outcome Parameters
The primary and secondary efficacy parameters were the
changes in trough seated DBP and SBP, respectively
(calculated as the mean of 3 recordings made using a BP
monitor), from randomization (baseline) to week 8.
Additional efficacy parameters included change from
baseline in mean trough seated DBP and SBP at each

visit, proportion of patients achieving treatment goal
(SBP/DBP <140/90 mm Hg without diabetes or <130/
80 mm Hg with diabetes) at week 8, and proportion of
responders (patients achieving treatment goal or
≥10 mm Hg reduction in SBP or ≥8 mm Hg reduction
in DBP) at week 8. Protocol-specified subgroup analyses
for the primary and secondary efficacy parameters were
performed according to participants’ sex, BMI category,
and ethnicity (Hispanic/Latino or not). Post hoc efficacy
assessments included an analysis of pulse rate and
subgroup analyses by hypertension stage, metabolic
syndrome status, and race (black vs non-black).

Safety and tolerability were assessed by recording
adverse events (AEs) and monitoring vital signs at each
visit, by performing physical examinations at screening
and week 8, by performing electrocardiogram measure-
ments at screening, and by determining clinical labora-
tory parameters from blood and urine taken at
screening, baseline, and at week 8.

Sample Size Determination
Assuming a DBP mean�standard deviation (SD)
between-group treatment difference of 3�10 mm Hg
and a 2:1 randomization ratio, it was determined that
414 patients randomized to nebivolol and 207 random-
ized to placebo would provide approximately 90%
overall power to detect that difference (or greater) at the
2-sided 5% significance level.

Data Analysis
Efficacy parameterswere analyzed based on the intent-to-
treat population, defined as all participants who had at
least one postbaseline DBP measurement, using the last-
observation-carried-forward approach to imputemissing
data; the observed-cases approachwas used for sensitivity
analyses. Continuous efficacy parameters were analyzed
using an analysis of covariance model, with treatment
group and BMI category (<30 kg/m2 or ≥30 kg/m2) as
factors and baseline value as a covariate. Subgroup
analyses were based on an analysis of covariance model
with treatment group, BMI category (except for the BMI
subgroup analysis), subgroup factor, and treatment
group–by–subgroup factor interaction as factors and
baseline value as a covariate. Binary parameters were
analyzed by means of a logistic regression model, with
treatment group andBMI category as factors andbaseline
BP values as explanatory variables. Analyses of safety
measures were based on the safety population, defined as
all randomized participants who took at least one dose of
double-blind study medication, and are presented using
descriptive statistics. No interim analyses were planned
or performed.

RESULTS

Study Conduct, Patient Disposition, and Baseline
Characteristics
The study was conducted between September 2011 and
May 2012 at 76 sites in the United States. A total of 641
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individuals were randomized to treatment with nebiv-
olol (n=427) or placebo (n=214), with completion rates
of 91.3% and 88.3%, respectively (Figure S1). The most
common reasons for early discontinuation in the overall
study population were loss to follow-up (3.1%) and
adverse events (2.7%).

The groups were well matched at baseline (Table I).
Participants in the safety population had a mean age of
45.3 years, 356 (55.5%) were men, 245 (38.2%) were
black, and 202 (31.5%) self-identified as Hispanic or
Latino. A total of 388 (60.5%) were obese (BMI
≥30 kg/m2), 75 (11.7%) had diabetes, and 376
(58.7%) had metabolic syndrome. Among the patients
who formed the intent-to-treat population, mean base-
line SBP and DBP were 154 mm Hg and 100 mm Hg,
respectively, and mean pulse rate was 78 beats per
mintute. During the double-blind phase (safety

population), mean�SD adherence in both groups
(defined as [total number of tablets taken/total number
of tablets expected to be taken]*100) was 99%�4%.
The mean�SD final nebivolol dose was 16.0�5.9 mg/d.
At the end of the double-blind treatment phase, 14.5%,
18.5%, and 67.0% of participants in the nebivolol
group were treated with the 5 mg, 10 mg, and 20 mg
daily dose, respectively.

Efficacy
At the end of the 8-week, double-blind treatment phase,
nebivolol significantly reduced DBP and SBP, compared
with placebo. The effects of nebivolol on DBP and SBP
were significant at each visit, beginning at week 2
(Table II). Nebivolol was also associated with a reduc-
tion in pulse rate (initially designated as a safety
parameter; statistical analysis performed post hoc)
throughout the double-blind treatment period
(Table II).

Subgroup analyses revealed a significant nebivolol
effect for all categories examined and no significant
differences in treatment response between patients with
stage 1 and stage 2 hypertension, men and women,
blacks and non-blacks, obese (≥30 kg/m2) and not obese
(<30 kg/m2), and those with and without metabolic
syndrome. There was, however, a significant difference

TABLE I. Baseline Demographic and Clinical
Characteristics (Safety Population)

Characteristic Placebo (n=214) Nebivolol (n=427)

Demographic

Age, y 46.0�6.9 44.9�6.9

Age, y (median) 48.0 46.0

Age, y (range) 18–54 21–54

Men, No. (%) 119 (55.6) 237 (55.5)

Race, No. (%)

White 115 (53.7) 246 (57.6)

Black 87 (40.7) 158 (37.0)

Asian 10 (4.7) 16 (3.7)

Ethnicity, No. (%)

Hispanic 72 (33.6) 130 (30.4)

Clinical

Trough seated

SBP, mm Hga

153.4�11.1 153.7�11.2

Trough seated

DBP, mm Hga

99.9�3.7 99.9�3.8

Trough seated

pulse rate,

beats per mina

78.4�11.5 77.7�10.8

Stage 1

hypertension,

No. (%)

136 (63.6) 266 (62.3)

Stage 2

hypertension,

No. (%)

78 (36.4) 161 (37.7)

Weight, kg 94.2�21.7 95.2�22.6

BMI ≥30 kg/m2,

No. (%)

129 (60.3) 259 (60.7)

Diabetes, No. (%) 21 (9.8) 54 (12.6)

Metabolic

syndrome, No. (%)

127 (59.4) 249 (58.3)

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure;

SBP, systolic blood pressure.

Data are expressed as mean�standard deviation unless otherwise

indicated.
aIntent-to- treat population: n=211 (placebo) and n=423 (nebivolol).

TABLE II. Baseline-to-Endpoint Changes in SBP,
DBP, and Pulse Rate (Intent-to-Treat Population,
Last Observation Carried Forward)

Outcome Measure Placebo (n=211)

Nebivolol

(n=423)

DBP (primary)

Baseline, mm Hg 99.9�3.7 99.9�3.8

Endpoint, mm Hg 94.3�9.9 88.1�8.9

Baseline-to-endpoint

change, mm Hg

�5.5�9.5 �11.8�8.8

LSMD (95% CI), mm Hg �6.3 (�7.7 to �4.8)

P value <.001

SBP (secondary)

Baseline, mm Hg 153.4�11.1 153.7�11.2

Endpoint, mm Hg 147.9�15.8 140.0�15.7

Baseline-to-endpoint

change, mm Hg

�5.5�13.9 �13.7�14.5

LSMD (95% CI), mm Hg �8.1 (�10.4 to �5.8)

P value <.001

Pulse rate (post hoc)

Baseline, beats per min 78.3�11.8 77.4�10.6

Endpoint, beats per min 75.9�10.1 66.7�10.4

Baseline-to-endpoint

change, beats per min

�2.4�10.7 �10.7�10.1

LSMD (95% CI), beats per min �8.8 [�10.3, �7.2]

P value <.001

Abbreviations: CI, confidence interval; DBP, diastolic blood pressure;

LSMD, least-squares mean difference; SBP, systolic blood pressure.

Data are expressed as mean�standard deviation unless otherwise

indicated.
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in treatment effect between Hispanics and non-Hispan-
ics, as well as a potential trend toward significant
difference in treatment effect in blacks vs non-blacks
that may have not reached a P value <.05 due to an
insufficient sample size (Figure 1). This difference
between Hispanics and non-Hispanics appeared to be
driven by a greater placebo effect in the Hispanic
subgroup: there was a 2- to 4-fold greater placebo
response in Hispanics compared with non-Hispanics
(DBP: �9.4 mm Hg vs �3.7 mm Hg; SBP: �11.5 mm
Hg vs �2.6 mm Hg), which was stronger than the 20%
to 30% higher response in Hispanics to nebivolol (DBP:
�13.4 mm Hg vs �11.2 mm Hg; SBP: �16.2 mm Hg
vs �12.6 mm Hg). In blacks and non-blacks, however,
the difference in treatment effect appeared to be driven
by the response to nebivolol (DBP, blacks vs non-blacks:
�9.8 mm Hg vs �13.0 mm Hg; SBP: �10.7 mm Hg vs
�15.4 mm Hg), whereas the response to placebo was
similar (DBP, blacks vs non-blacks: �5.2 mm Hg vs
�5.8 mm Hg; SBP: �5.0 mm Hg vs �5.8 mm Hg).

Finally, at week 8, a significantly higher proportion of
patients treated with nebivolol achieved their BP treat-
ment goal or treatment response (see Methods) com-
pared with those treated with placebo (treatment goal:
38.3% vs 25.1%; treatment response: 72.8% vs 47.9%;
P<.001 for both) (Figure 2).

Safety and Tolerability
During the double-blind treatment phase, 10 (2.3%)
nebivolol-treated patients and 7 (3.3%) placebo-

treated patients discontinued the study due to an AE,
including 1 patient in the nebivolol group and 2
patients in the placebo group who discontinued due to
a serious AE. In that phase, treatment-emergent AEs
were reported in 148 (34.7%) patients in the nebivolol
group and 69 (32.2%) patients in the placebo group.
The most frequent treatment-emergent AEs experi-
enced in the nebivolol group were upper respiratory
tract infection (nebivolol, 5.4%; placebo, 1.9%),
headache (2.6% vs 7.0%), peripheral edema (1.9%
vs 0.5%), increase in alanine aminotransferase (1.6%
vs 2.3%), and cough (1.6% vs 1.4%). Most treatment-
emergent AEs were mild in severity and were deemed
not related to study medication by the investigator.
Similar rates of distribution of treatment-emergent AEs
by severity and relationship to study medication were
observed between treatment groups. The rates of AEs
considered typical of b-blocker treatment were as
follows: bradycardia, 1.2% (nebivolol) vs 0 (placebo);
fatigue, 0.9% vs 0.5%; erectile dysfunction (men only):
0.4% vs 0.

A total of 10 serious AEs were reported in 9 patients
during the study. Serious AEs were experienced by 3
(0.7%) patients in the nebivolol group and 4 (1.9%) in
the placebo group during the double-blind treatment
phase. All serious AEs were considered unrelated to
treatment, with the exception of transient ischemic
attack in the placebo group, which was considered
possibly related to treatment. No participants died
during the study.

FIGURE 1. Blood pressure reduction at week 8 (nebivolol minus placebo) by subgroup (intent to treat population, last observation carried
forward). †Analysis of covariance model, treatment-by-subgroup category interaction. CI indicates confidence interval; DBP, diastolic blood
pressure; LSMD, least-squares mean difference; HTN, hypertension; SBP, systolic blood pressure; MetS, metabolic syndrome.
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At each postbaseline visit, the mean pulse rate
(assessed as a safety parameter using descriptive statis-
tics only) was lower among nebivolol-treated patients
compared with placebo-treated patients; the difference
in change from baseline steadily increased over time
from 6.1 beats per minute (week 2) to 8.7 beats per
minute (end of double-blind treatment phase). In terms
of key metabolic parameters, nebivolol treatment was
associated with a higher rate of patients who shifted
from normal baseline levels to low endpoint levels of
high-density lipoprotein (HDL) cholesterol (nebivolol,
17.5%; placebo, 9.8%), but also with higher rates of
patients whose low-density lipoprotein cholesterol levels
shifted from high to normal (10.9% vs 5.5%, respec-
tively). Normal-to-high shift rates were 20.8% (nebiv-
olol) and 20.5% (placebo) for glucose, and 15.0% and
16.8%, respectively, for triglycerides. In addition, the
overall incidence of potentially clinically significant
laboratory values was low and similar between groups,
with the most notable difference being observed for
endpoint HDL cholesterol levels <35 mg/dL (nebivolol,
10.5%; placebo, 2.7%). (For an overview of changes in
key metabolic parameters, see Table S1.)

DISCUSSION
Nebivolol treatment resulted in significant DBP and SBP
reductions (observed as early as 2 weeks after treatment
initiation) and improvement in BP control among
relatively young adult patients (mean age: 45.3 years)

with increased DBP. A significant endpoint effect on
DBP and SBP was observed regardless of sex, race (black
vs non-black), ethnicity (Hispanic vs non-Hispanic),
hypertension stage, obesity status, and metabolic syn-
drome status. Overall, the safety and tolerability profile
of nebivolol was similar to that of placebo, with a
relatively low incidence of AEs seen with traditional
b-blockers (eg, bradycardia, fatigue, erectile dysfunc-
tion20).

The placebo-subtracted DBP and SBP reductions in
our trial were similar to those seen in pivotal, fixed-dose
trials of nebivolol, in which participants’ mean age was
54 years.19 Our efficacy results are generally in agree-
ment with findings of the age-stratified pooled analysis18

of 3 pivotal nebivolol trials21–23 (N=1585) and a
German observational study (N=5031),24 which both
showed efficacy of nebivolol across the entire age
spectrum of adulthood. In the German study, a stronger
effect for both DBP and SBP was observed among
younger patients (younger than 59 years) vs older
patients,24 and, in the pooled analysis, a significant
effect on SBP in the oldest group (63–84 years) was
observed only with the dosage of 20 mg/d.18 However,
the extent to which our trial can be compared with
those two studies is limited: The German study and the
3 pooled pivotal studies were all fixed-dose trials,18,24

plus the German study was open-label, with a majority
of patients taking other antihypertensives.24 In addition,
a high percentage of patients who experienced DBP
reduction ≥8 mm Hg (Figure 2) is encouraging, consid-
ering the fact that in individuals younger than 50 years,
DBP is a stronger predictor of coronary heart disease
than SBP or pulse pressure.25

The pharmacologic profile of nebivolol,which includes
high b1 selectivity26 and nitric oxide–dependent vasodi-
latory properties triggered via b3 receptor activation in
the endothelium,17 may well be suited for the etiology of
hypertension in younger patients. In younger patients,
elevated BP appears to be associated with a slightly
increased cardiac output, consistent with elevated sym-
pathetic tone and inappropriately increased peripheral
vascular resistance.14,27 For example, an analysis of
Strong Heart Study participants younger than 40 years
(N=1940) demonstrated a significant association
between elevated BP and mean pulse pressure/stroke
volume index and total peripheral resistance index.15 A
highly cardioselective agent with vasodilatory properties,
such as nebivolol, is positioned to interrupt this patho-
physiologic sequence. Indeed, nebivolol treatment
resulted in a notable reduction of both pulse rate and BP
(Figure 1), ie, it elicited reduction of the rate-pressure
product, also a cardiovascular risk factor.28,29

STUDY LIMITATIONS
There were several limitations to our study. First, it
should be pointed out that the responder analysis
demonstrated a notable proportion of placebo-
treated patients who achieved BP control (25.1%) or
response (47.9%) (Figure 2). The use of ambulatory BP

FIGURE 2. Blood pressure (BP) control and response rates (intent-
to-treat population, last observation carried forward). BP control
(treatment goal) was defined as systolic BP/diastolic BP (SBP/DBP)
<140/90 mm Hg for participants without diabetes or <130/80 mm
Hg for those with diabetes. Treatment response was defined as
achieving treatment goal or a decrease of ≥10 mm Hg in SBP or
≥8 mm Hg in DBP. Overall response indicates achievement of either
BP control or treatment response. Data above the columns
represent odds ratios (ORs) with 95% confidence intervals (CIs),
calculated using a logistic regression model with treatment group
and body mass index category (<30 kg/m2 or ≥30 kg/m2) as factors
and baseline SBP and DBP values as explanatory variables.
***P<.001.
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monitoring (ABPM) devices likely would have resulted
in a lower placebo response30–32; however, it is not
certain that the use of ABPM would have improved the
response rates in the nebivolol group. Second, our data
suggest that the overall metabolic effect of nebivolol
was relatively neutral, with the exception of a decrease
in HDL cholesterol levels in some patients, which is in
agreement with observations from previous short-term
studies.33,34 However, data from an 8-week trial are
insufficient for safety assessment of a long-term treat-
ment, and long-term safety effects of nebivolol, includ-
ing metabolic changes, remain to be elucidated. Third,
medication adherence was assessed using pill counts, a
method that has been associated in some studies with
significant variability.35–37 However, it can be argued
that the treatment regimen applied in our trial—once-
daily administration and labeled blister packs instead of
bottles—favored adherence, and that because of ran-
domization, any variability due to nonadherence would
be equally distributed between the groups and actually
bias the outcome against a significant therapeutic effect.
Finally, high rates of obesity and metabolic syndrome in
our trial (Table I) exceeded those observed in the
general population38 and are a consequence of our
selection criteria (a younger person with hypertension is
expected to be burdened by other cardiovascular risk
factors as well).

CONCLUSIONS
Our study showed that nebivolol monotherapy is an
efficacious and well-tolerated treatment option for the
phenotype of a younger adult with diastolic hyperten-
sion, a relatively neglected patient population. Future
trials should take into account the interaction between
relevant phenotypic characteristics and clinical
outcomes.
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