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Comparison of bisoprolol to a metoprolol CR/ZOK
tablet for control of heart rate and blood pressure
in mild-to-moderate hypertensive patients:
the CREATIVE study

Tianlun Yang1, Yinong Jiang2, Yuming Hao3, Shuxian Zhou4, Xinjuan Xu5, Baiming Qu6, Xue Lin7

and Tianrong Ma8

This open-label study investigated the long action of bisoprolol compared with metoprolol CR/ZOK for controlling the mean

dynamic heart rate (HR) and blood pressure (BP) in patients with mild-to-moderate primary hypertension. Patients from seven

centers in China were treated with either bisoprolol 5 mg or metoprolol CR/ZOK 47.5 mg once daily for 12 weeks. The primary

end points were the mean dynamic HR reduction and the mean dynamic diastolic BP (DBP) control in the last 4 h of the

treatment period. Secondary end points included ambulatory monitoring of the BP and HR, safety and compliance. A total of

186 patients, with 93 patients in each group, were enrolled and analyzed. In the last 4 h of the treatment period, patients

receiving bisoprolol demonstrated a significantly greater reduction in the mean dynamic HR compared with patients receiving

metoprolol CR/ZOK (least squares means (LSmeans) of difference: −3.79 b.p.m.; 97.5% confidence interval (CI): −7.45,

−0.14; P=0.0202). Furthermore, in the last 4 h of the treatment period, bisoprolol demonstrated non-inferiority vs. metoprolol

CR/ZOK in lowering the mean dynamic DBP (LSmeans of difference: −1.00; 97.5% CI: −4.79, 2.78; P=0.5495). Bisoprolol

further significantly lowered the 24-h mean ambulatory, mean daytime and mean nighttime HR. The overall adverse event rate

was similar between the two groups. Noncompliance was reported in 3 (3.53%) and 6 (7.32%) patients in the bisoprolol and

metoprolol CR/ZOK groups, respectively. In conclusion, bisoprolol provided superior dynamic HR reduction and non-inferior

dynamic BP reduction vs. metoprolol CR/ZOK in patients with mild-to-moderate hypertension. No new safety concerns

were found.
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INTRODUCTION

Hypertension is a common health problem worldwide. In China,
it was estimated that hypertension affected 200 million people in 2010,
meaning 1 in 6 individuals had hypertension.1 Hypertension is a
widely recognized risk factor for cardiovascular (CV) diseases, such as
coronary heart disease and stroke. Adequate hypertension control can
reduce the incidence of heart failure by 50%.2,3

The sympathetic nervous system has an important role in
blood pressure (BP) regulation, especially in the development and
progression of hypertension and target organ damage. β-Blockers are
commonly used antihypertensives that inhibit normal sympathetic
effects through binding to β-adrenoceptors and blocking the binding
of norepinephrine and epinephrine to these receptors.4 Various

European and Chinese guidelines recommend β-blockers as one of
the five classes of antihypertensive drugs for the initial and long-term
maintenance treatment of hypertension.1,5,6 Both bisoprolol fumarate
(Concor) and Metoprolol controlled release/zero-order kinetic tablets
(metoprolol CR/ZOK) are commonly used β blockers in the treatment
of hypertension. However, they have different pharmacodynamic and
pharmacokinetic properties.7–10

Both bisoprolol and metoprolol CR/ZOK are effective in lowering
BP and heart rate (HR) in patients with mild-to-moderate
hypertension.7–10 Bisoprolol has a high oral bioavailability (up to
90%) and a long elimination half-life of 9–12 h in healthy subjects,
which leads to a long duration of action that allows for once-daily oral
administration.8 In addition, bisoprolol is a highly selective β1-blocker
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with a selectivity of 75:1 for β1 and β2 adrenergic receptors.11

Metoprolol CR/ZOK is a moderately selective β1-blocker with a
selectivity of 20:1 for β1 and β2 adrenergic receptors.11 In addition,
metoprolol CR/ZOK is a controlled-release formulation to release
metoprolol succinate at an almost constant rate for 20 h.7,12

Reportedly, 24-h BP variability is an independent risk factor for
target organ damage and is possibly associated with increased CV
events in the morning during the first few hours after waking.13

Because of the circadian pattern of BP, it has been suggested that
such early morning BP surges may contribute to CV events such as
non-embolic strokes and myocardial infarction, because the peak
incidences of these CV events coincide with early morning rapid BP
surges.13,14 Therefore, complete BP control over the entire dosing
period, including the early morning hours, is important.
There have been very few studies comparing efficacies, especially the

long-acting BP control effects of these two long-acting regimens.9,15–17

It has been reported that elevated resting HR was correlated with CV
mortality and was an independent risk factor for CV diseases.18–21 The
European Society of Hypertension and the European Society of
Cardiology stated that HR independently predicts CV morbidity or
fatal events in several conditions, including hypertension.22 In addi-
tion, the coexistence of hypertension and high HR has been reported
to be a predictor of a high incidence of stroke and coronary heart
disease,23 and the risk of albuminuria in patients with type 2 diabetes
was also positively associated with an increase of 1 beat per minute
(b.p.m.) for morning HR and 1 mmHg for morning systolic BP.24

Therefore, HR control should be an important consideration in
choosing a proper 24-h long-acting medication for patients with
hypertension. This phase IV, open-label clinical study aimed to
compare the 24-h BP control and HR reduction capacity of bisoprolol
and metoprolol CR/ZOK by testing their efficacies in lowering BP and
HR during the last 4 h of a 12-week treatment period.

METHODS

Patients
This is a randomized, multicenter, parallel, open-label clinical study. The trial
was performed in seven hospitals in China from December 2011 to April 2014.
Key inclusion criteria included: (1) patients with mild-to-moderate
hypertension (World Health organization (WHO) stages I and II: mild
hypertension—systolic BP (SBP) of 140–159 mm Hg and diastolic BP (DBP)
of 90–99; moderate hypertension—SBP 160–179 mm Hg and DBP
100–109 mm Hg) who had not received antihypertensive drugs before their
screening visit; (2) patients with mild hypertension who had used anti-

hypertensive drugs before their screening visit but who could accept a
2-week washout to eliminate the residual effect of previously used antihyper-
tensive drugs; and (3) patients between 18 and 70 years of age who had a
clinical resting HR⩾ 70 b.p.m.
Key exclusion criteria included: (1) patients with previously treated moderate

hypertension; and (2) patients with secondary hypertension, concomitant
coronary heart disease, concomitant acute or chronic heart failure,
a cerebrovascular event within 6 months of the study or hepatic or renal
impairment as judged by local laboratory standards. Patients working night
shifts were also excluded.
The trial was conducted in compliance with the ICH-Good Clinical Practice

(ICH-GCP E6, 1996) and the Declaration of Helsinki (2013). Informed consent
was obtained from each patient. This study was registered at clinicaltrials.gov
(NCT01508325).

Study schedule and treatment
Baseline information was collected from eligible patients and they received
physical and laboratory examinations at their screening visit (week − 4).
Patients with mild hypertension who had antihypertensive treatment before
their screening visit had a 2-week washout period to eliminate the residual
effects of the previous treatment.
At Visit 1 (week 0), patients were randomized to receive bisoprolol

(bisoprolol fumarate tablet, Merck Serono KGaA, Darmstadt, Germany)
5 mg or metoprolol CR/ZOK (AstraZeneca, Mölndal, Sweden) 47.5 mg every
day. Treatment doses were uptitrated every 4 weeks according to the schedule
of Figure 1 if the patients had an SBP4140 mm Hg and/or DBP490 mm Hg
at one of their subsequent visits (weeks 4, 8 and/or 12). The whole study period
lasted for 12 weeks (Figure 1). At week 12, patients underwent a laboratory
examination and a physical examination that included vital signs and
ambulatory BP monitoring (ABPM).
Because it was not possible to determine the number of patients enrolled at

each center in advance, central randomization was performed for all patients
rather than local randomization at each center. A central randomization table
was prepared, and each center was provided with a copy of part of the central
randomization table and sealed envelopes containing a treatment assignment
card before the study began. Eligible patients were successively added to
treatment groups according to the randomization table and the envelope they
randomly received from the physicians at each center.

End points
The primary efficacy end points were the differences in changes in the mean
dynamic DBP and the dynamic HR as measured by ABPM in the last 4 h at the
end of the 12-week treatment period between the two groups. Secondary
efficacy end points included differences in the change of other BP parameters,
including the mean ambulatory SBP in the last 4 h, the mean ambulatory 24-h
SBP and DBP, the mean ambulatory daytime and nighttime SBP and DBP and
the BP response rate as well as differences in the change of other HR
parameters, including the mean ambulatory 24-h HR, the mean ambulatory
daytime and nighttime HR and the HR response rates. A BP response was
defined as DBP⩽ 90 mm Hg or a ⩾ 10 mm Hg decrease in DBP from baseline.
Patients who had ⩾ 10% decrease in HR were considered to have a HR
response. The ABPM evaluators were blinded when they assessed patient’s
ABPM.
Safety end points included adverse events (AEs), vital signs, BP, HR,

laboratory examination, and electrocardiogram examination. Adverse events
were evaluated during every visit as the randomization was implemented. In
addition to ABPM at baseline and week 12, BPs were also measured using a
regular sphygmomanometer at each visit.
Treatment compliance was measured at visits 2–4. Compliance (%) was

calculated as (total number of used drugs/total number of drugs that should be
used) × 100. Total number of drugs that should be used was calculated based on
the actual treatment duration of each subject. Treatment compliance that was
o80% was considered to be non-compliant. To check patients’ medical
compliance, empty drug boxes that had been used between two visits were
returned, and the amount of study drug used between the two visits was
counted and recorded.

aFor patients with mild hypertension who had antihypertensive treatment before
screening visit.

Ra
nd
o
mi
zat
io

Metoprolol CR/ZOK

71.25 mg 

Visit

Week -4 -2 0 4 8 12

Screening
visit Inclusion 

visit Visit 1 Visit 2 Visit 3 Visit 4

Wash-out
a

Biosoprolol

5 mg

Metoprolol CR/ZOK

47.5 mg

Up-titration if
necessary 

Up-titration if
necessary

Biosoprolol

7.5 mg

Metoprolol CR/ZOK

95 mg

Biosoprolol

10mg

Figure 1 Study flow chart. A full color version of this figure is available at
the Hypertension Research journal online.
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Method of ABPM
Baseline and week 12 dynamic DBP, SBP and HR were monitored by 24-h
ABPM. The time point when patients started wearing, or when they removed,
the dynamic BP monitor and whether it was a workday or a holiday when the
ABPM measurements were performed were recorded for both ABPM measure-
ments. Baseline measurements were made within 4 weeks before the first
administration of the treatment drug. If there was a washout period, a baseline
measurement was made after the washout period. However, baseline ABPMs for
all patients were collected before randomization. For the second ABPM at week
12, subjects were required to take the study drug at 0800 hours± 10 min on the
first day to start the 24-h ABPM and also the next day to assure the same last 4-h
period of the treatment was used for all of the patients. For most patients,
whether to perform the second ABPM on a workday or a holiday was consistent
with their first ABPM. For an example, if the baseline ABPM of a patient
started at 0800 hours on Thursday and ended at 0800 hours on Friday, the
second ABPM for this patient was started at the same time on a workday.
The ABPM device used in this study was manufactured by Spacelabs Healthcare
(Snoqualmie, WA, USA) and verified by British Hypertension Society,
Association for the Advancement of Medical Instrumentation and/or European
Society of Hypertension protocols. In the current study, ABPM measured
BP three times per hour during the daytime and hourly during the nighttime.
Only data with ⩾ 80% valid data were used for analysis. Finally, daytime was
defined as 0600–2200 hours, and nighttime was defined as 2200–0600 hours.

Calculation of sample size
A normal distribution was expected from the changes of the mean dynamic HR
and the mean dynamic DBP. In addition, it was further assumed that,
compared with the metoprolol CR/ZOK, bisoprolol would have a 2-b.p.m.
more decrease in the mean HR with an s.d. of 4 b.p.m. in both arms and a
2-mm Hg less in the change of the mean dynamic DBP with an s.d. of
4 mm Hg in both arms. With a population error rate of 0.05 and a dropout rate
of 20%, it was estimated that a sample size of 184 cases would provide 485%
power for each test.

Statistical analysis
The efficacy statistical analyses were based on the intent-to-treat (ITT)
population, which included all randomized patients with last observation
carried forward, and the per-protocol set (PPS), which included all subjects in
the ITT set without major protocol violations during the study, was used for
supportive analysis. Safety analyses were based on the safety population, which
included all patients who received at least one dose of study drug during
the study.
An analysis of covariance model was used for intergroup comparison of the

primary end points with baseline mean DBP or baseline HR and also with
gender as the covariates and group and center as the fixed effects. For
calculation of the confidence interval (CI), least squares means (LSmeans) of
the difference in change between the two groups (μ test−μ control) and a

Figure 2 Patient flow diagram.
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97.5% CI were calculated based on the model. For comparison of changes in
the mean DBP in the last 4 h of the treatment period between the bisoprolol vs.
metoprolol CR/ZOK groups, the upper limit of the CI of differences in the
change of the mean dynamic DBP was compared with a non-inferiority margin
of 4 mm Hg. Statistical significance was accepted with a P valueo0.025.
Because this study included multiple end points, all results of statistical tests
were adjusted based on multiple tests. Multiple tests were adjusted based on the
Bonferroni method.
For secondary efficacy end points, except the BP and HR response rates,

descriptive statistics was performed. For an intergroup comparison, a t-test was
used. The Cochran–Mantel–Haenszel chi-square test stratified by center was
used for intergroup comparison of the BP response rate and HR response rate
after 12 weeks of treatment.
Various subgroup analyses were performed, including different dose groups

for patients treated with a low dose (without dose adjustment), a medium dose
(uptitration after Visit 1) and a high dose (uptitration after Visit 2), according
to dose adjustment during treatment. Additionally, subgroup analyses were
performed for HR, baseline BP, smoking, age, gender and circadian rhythm of
BP. The same statistical analyses used in the primary and secondary end point
analyses were performed.

RESULTS

Patients
A total of 184 patients were expected, and 186 outpatients with
mild-to-moderate hypertension (WHO stages I and II) from 7

hospitals in China were enrolled in the study. All patients were
randomized (93 in the bisoprolol group and 93 in the metoprolol
CR/ZOK group). Fifty-nine patients had protocol deviations. Four
patients completed the washout period. Seventy-five patients in the
bisoprolol and 72 in the metoprolol CR/ZOK groups finished the
planned treatment (Figure 2). There were more men in the bisoprolol
group than in the metoprolol CR/ZOK group (61.29% vs. 39.78%). All
other demographic data, including vital signs, laboratory exam results
and concomitant medications, were comparable between the two
groups (Table 1). More patients in the bisoprolol group had a low
dose treatment without uptitration (72%) than patients in the
metoprolol CR/ZOK group (58%). The study drug dose distribution
is also shown in Table 1. Overall, 3% of the patients in the bisoprolol
and 5% in the metoprolol CR/ZOK groups had uptitration to a
high-dose treatment (Table 2).

Primary end points
Analyses of primary end points were conducted for the ITT
population. Both bisoprolol and metoprolol CR/ZOK lowered the
mean dynamic HR in the last 4 h of the 12-week treatment period.
Bisoprolol led to a significantly greater reduction vs. metoprolol
CR/ZOK (−8.04 vs. − 4.75 b.p.m., LSmeans of difference (97.5%
CI)=− 3.79 b.p.m. (−7.45, − 0.14); P= 0.0202) (Figure 3a; Table 3).
Both bisoprolol and metoprolol CR/ZOK significantly lowered the

mean dynamic DBP in the last 4 h of the 12-week treatment period
(bisoprolol: − 4.45 mmHg, P= 0.0014; metoprolol CR/ZOK: − 3.39,
P= 0.0168). LSmeans of the difference in the change of mean dynamic
DBP before and after treatment with bisoprolol and metoprolol
CR/ZOK was − 1.00 (97.5% CI: − 4.79, 2.78), P= 0.5495, and the
upper limit of the 97.5% CI was less than the 4 mmHg non-inferiority
margin, which indicates that bisoprolol was non-inferior to
metoprolol CR/ZOK in lowering the mean dynamic DBP
(Figure 3b; Table 3).
The PPS results were consistent with the ITT results (Table 3).

Secondary end points
Our results for the ITT population showed that patients treated with
bisoprolol had a greater mean 24-h ambulatory HR reduction than
patients treated with metoprolol CR/ZOK (−8.46 vs. − 3.24 b.p.m.,
P= 0.0015). The mean ambulatory daytime and nighttime HR
reductions (−9.60 vs. −3.85 b.p.m., P=0.0012; −4.72 vs. −1.50 b.p.m.,
P= 0.0347, respectively) were also greater with bisoprolol vs.
metoprolol CR/ZOK (Table 3).
For 24-h dynamic BP control, our results for the ITT population

indicated that both drugs could lower mean ambulatory SBP in the

Table 1 Comparison of demographic and other baseline

characteristics between the two groups

Treatment groups

Items

Bisoprolol

(N=93)

Metoprolol

CR/ZOK (N=93) P-valuea

Demographic data
Age, years 51.10±10.77 49.89±10.46 0.4401

Male, n (%) 57 (61.29) 37 (39.78) 0.0034

Asian race, n (%) 93 (100) 93 (100) —

Smoker, n (%) 19 (20.43) 16 (17.20) 0.5736

BMI, (kg m−2) 24.86±2.82 24.81±3.24 0.9048

Vital signs (measured by ABPM)
SBP (mm Hg) 143.17±13.74 145.10±12.33 0.3161

DBP (mm Hg) 90.67±9.03 90.10±9.18 0.6699

Heart rate (b.p.m.) 78.70±7.38 78.63±7.24 0.9521

Laboratory exam results
Creatinine (μmol l−1) 81.94±19.00 75.74±20.21 0.0338

Fasting blood glucose (mmol l−1) 5.43±1.09 5.65±2.02 0.3759

Total cholesterol (mmol l−1) 5.16±1.00 5.25±0.90 0.5137

Triglyceride (mmol l−1) 1.97±1.43 1.80±1.18 0.4046

High-density lipoprotein

cholesterol (mmol l−1)

1.25±0.34 1.29±0.30

Low-density lipoprotein

cholesterol (mmol l−1)

3.14±0.80 3.16±0.81 0.3812

Other circulatory system agentsb,

n (%)

18 (19.35) 17 (18.28) —

Abbreviations: ABPM, ambulatory blood pressure monitoring; BMI, body mass index;
b.p.m., beats per minute; CR/ZOK, controlled release/zero-order kinetic; DBP, diastolic blood
pressure; SBP, systolic blood pressure.
aChi-square test or T test was used for intergroup comparison.
bOther circulatory system agents used included atorvastatin, amlodipine, aenazepril, asosorbide
mononitrate, ailtiazem, besartan, aenofibrate fluvastatin, compound danshen, rosuvastatin,
mexiletine, potassium magnesium aspartate, pravastatin, panax notoginseng saponins,
nitroglycerin, simvastatin and edaravone.

Table 2 Treatment doses

Treatment groups

Dosage Bisoprolol (N=93) Metoprolol CR/ZOK (N=93)

Low dose, n (%) 67 (72) 54 (58)

Medium dose, n (%) 13 (14) 26 (28)

High dose, n (%) 3 (3) 5 (5)

Abbreviation: CR/ZOK, controlled release/zero-order kinetic.
Low dose: start from 5 mg per day in the bisoprolol group or 47.5 mg per day in the metoprolol
CR/ZOK group, no dose adjustment during treatment; medium dose: uptitrated dose to 7.5 mg
per day in the bisoprolol group or 71.25 mg per day in the metoprolol CR/ZOK group at week 4,
no further dose adjustment; high dose: uptitrated dose to 7.5 mg per day in the bisoprolol
group or 71.25 mg per day in the metoprolol CR/ZOK group at week 4, then uptitrated dose to
10 mg per day in the bisoprolol group or 95 mg per day in the metoprolol CR/ZOK group at
week 8.
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last 4 h of the treatment period as well as the mean ambulatory 24-h
BP, the mean ambulatory daytime BP and the mean ambulatory
nighttime DBP and SBP (Table 3). No significant differences were
noted between the two treatment groups (Table 3).
In addition, our results in the ITT population showed comparable

BP response rates between the two treatment groups (bisoprolol:

86.67%; metoprolol CR/ZOK: 83.33%; P= 0.5487, Figure 4a). Our
data also showed that there were comparable HR response rates
between the two treatment groups (bisoprolol 72.00%; metoprolol
CR/ZOK: 55.56%; P= 0.0527, Figure 4b).
PPS results for all of the secondary end points were consistent with

the ITT results (Table 3).

Subgroup analysis
Subgroup analysis of the ITT population by dose group, baseline BP,
smoking, age, gender and circadian rhythm of BP did not identify
differences in the primary and secondary end points between the two
treatment groups. Analysis by baseline HR showed that a greater mean
dynamic HR reduction was associated with bisoprolol compared with
metoprolol CR/ZOK in patients with a baseline clinical HR480 b.p.m.

Mean heart rate in the last 4 hours of the treatment period from baselinea

Difference of LSMEAN
of change -3.79

(97.5% CI -7.45, -0.14)
P = 0.0202

75.67

67.93
73.93

70.48

55

60

65

70

75

80

85

90

Baseline End of Treatment

H
ea

rt
 ra

te
 (b

m
p)

Bisoprolol Metoprolol CR/ZOK

aGender was used as an covariance in the analysis. 

Change of DBP in the last 4 hours of the treatment period from baselineb

85.28

81.95

85.68

82.43

75

80

85

90

95

70

100

End of TreatmentBaseline

D
yn

am
ic

 d
ia

st
ol

ic
 b

lo
od

 p
re

ss
ur

e 
(m

m
H

g)

Difference of LSMEAN
of change -1.00

(97.5% CI -4.79, 2.78 )
P = 0.5495  

Bisoprolol Metoprolol CR/ZOK

bGender was used as an covariance in the analysis. 

Figure 3 Changes in the mean heart rate and the mean dynamic diastolic
blood pressure (DBP) in the last 4 h of the treatment period from baseline
(intent-to-treat population (ITT)). (a) Change in the mean heart rate in the
last 4 h of the treatment period from baseline. (b) Change in the DBP in the
last 4 h of the treatment period from baseline.

Table 3 Primary and secondary end points in intent to treat (ITT) and per-protocol set (PPS)

ITT PPS

Variables (changes from end of treatment to baseline)

Bisoprolol

(n=93)

Metoprolol CR/ZOK

(n=93) P-valuea
Bisoprolol

(n=63)

Metoprolol CR/ZOK

(n=64) P-valuea

Mean dynamic heart rate (HR) in the last 4 h (b.p.m.) −8.04±12.65 −4.75±11.34 0.0202 −8.09±12.84 −4.55±11.45 0.0153

Mean dynamic DBP in the last 4 h (mm Hg) −4.45±10.74 −3.39±11.23 0.5495 −4.11±10.72 −3.54±11.34 0.7730

Mean ambulatory SBP in the last 4 h (mm Hg) −5.97±16.63 −5.12±15.12 0.7594 −5.79±16.85 −4.90±15.21 0.7548

Mean ambulatory 24 h SBP (mm Hg) −5.40±14.59 −4.54±11.47 0.7039 −4.83±14.44 −4.83±11.13 0.9996

Mean ambulatory 24 h DBP (mm Hg) −4.58±9.01 −3.78±8.00 0.5872 −4.24±8.92 −3.97±8.00 0.8572

Mean ambulatory daytime SBP (mm Hg) −5.87±15.29 −5.16±12.11 0.7667 −5.03±15.11 −5.52±11.89 0.8423

Mean ambulatory daytime DBP (mm Hg) −4.76±9.34 −3.82±8.69 0.5457 −4.31±9.23 −4.02±8.76 0.8520

Mean ambulatory nighttime SBP (mm Hg) −4.81±14.31 −2.65±14.23 0.3835 −4.57±14.06 −2.95±13.66 0.5137

Mean ambulatory nighttime DBP (mm Hg) −5.08±9.29 −3.39±8.76 0.2824 −4.90±9.14 −3.49±8.53 0.3748

Mean ambulatory 24 h HR (b.p.m.) −8.46±10.43 −3.24±8.03 0.0015 −8.60±10.51 −3.11±8.04 0.0012

Mean ambulatory daytime HR (b.p.m.) −9.60±10.76 −3.85±9.21 0.0012 −9.63 (10.82) −3.67±9.22 0.0012

Mean ambulatory nighttime HR (b.p.m.) −4.72±9.90 −1.50±7.24 0.0347 −4.98 (9.89) −1.46±7.38 0.0257

Abbreviations: b.p.m., beats per minute; CR/ZOK, controlled release/zero-order kinetic; DBP, diastolic blood pressure; SBP, systolic blood pressure.
at-Test was used for intergroup comparison.

Blood pressure response rate 

81.01 78.95

90.28 93.06
86.67 83.33

0

20

40

60

80

100

Bisoprolol Metoprolol CR/ZOK

R
e

s
p

o
n

s
e

 R
a

te
 (

%
)

Week 4 Week 8 Week 12

Heart rate response rate 

56.96

43.32

63.89 66.67
72

55.56

0

20

40

60

80

100

Bisoprolol Metoprolol CR/ZOK

R
e

s
p

o
n

s
e

 R
a

te
 (

%
)

Week 4 Week 8 Week 12

Figure 4 Treatment response rate (ITT). (a) Blood pressure response rate.
(b) Heart rate response rate.
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(bisoprolol: − 12.97 b.p.m.; metoprolol CR/ZOK: − 6.13 b.p.m.;
P= 0.0281). The PPS results were consistent with the ITT results
(data not shown).

Treatment compliance and safety
There were few patients who reported noncompliance during the
study (3 (3.53%) patients in the bisoprolol group and 6 (7.32%)
patients in the metoprolol CR/ZOK group). Overall, 81 (95.29)
patients in the bisoprolol group and 76 (92.68%) patients in the
metoprolol CR/ZOK group reported 80–120% compliance. One
patient in the bisoprolol group reported 4120% compliance.
A total of 19 patients (20.4%) in the bisoprolol group and 16

patients (17.2%) in the metoprolol CR/ZOK group reported AEs.
Among these events, the AEs reported by nine patients in the
bisoprolol group and six patients in the metoprolol CR/ZOK group
were drug related (Supplementary Table S1).
Two patients reported two serious AEs (dizziness and transient

ischemic attack) in the bisoprolol group, and dizziness was judged to
be drug related by the investigator. No serious AEs were reported in
the metoprolol CR/ZOK group (Supplementary Table S1).

DISCUSSION

In this randomized, open-label clinical study, we compared a
therapeutically comparable dose of metoprolol CR/ZOK to bisoprolol.
In the last 4 h of the 12-week treatment period, bisoprolol led to a
significantly greater reduction in the mean dynamic HR and a
non-inferior reduction in the mean dynamic DBP and SBP. Thus
the results indicate a comparable long-acting effect on BP control and
a more potent long-acting effect on HR reduction associated with
bisoprolol vs. metoprolol CR/ZOK. For daytime, nighttime and 24-h
BP and HR reduction, bisoprolol also showed a significantly greater
HR reduction and comparable BP control vs. metoprolol CR/ZOK. In
the subgroup analysis, a significantly greater mean HR reduction was
associated with bisoprolol in a subgroup of patients with a baseline
clinical HR480 b.p.m. Comparable HR and BP response rates were
noted for the two medications. Both drugs had high compliance and
no new safety concerns were noted in our study.
Both bisoprolol and metoprolol CR/ZOK are commonly used

long-acting β-blockers for treating hypertension, and they could
achieve long-acting effects through different pharmacokinetic and
phymacokinetic mechanisms.7–9 The few existing studies comparing
the efficacy and safety of bisoprolol and metoprolol provided
inconclusive results.9,15–17 The BISOMET study demonstrated that,
24 h after drug intake, bisoprolol was significantly more effective at
lowering exercise SBP, DBP and HR as well as resting DBP and HR.9

However, a conventional metoprolol formulation, instead of the
long-acting formulation, was used in that study. Our results were
inconsistent with the results of the study by Kronig17 in that a
significantly greater reduction in exercise HR and BP were
associated with metoprolol CR/ZOK vs. bisoprolol 24 h after drug
administration. This inconsistency could possibly be explained by the
fact that Kronig17 tested exercise HR and BP 24 h after drug
administration, whereas we tested the mean dynamic HR and BP in
the last 4 h of the drug administration interval by ABPM. In addition,
we want to postulate that ethnicity might have a role here. It has been
reported that ethnicity differences may affect BP reduction responses
to various antihypertensive β-blockers.25 One thing worth mentioning
is that in the current study, we chose differences in mean dynamic
DBP reduction instead of SBP reduction as a primary end point
because the patients’ ages ranged from 18 to 70 years in our study with
a mean age of 51.10± 10.77 and 49.89± 10.46 years for the bisoprolol

and metoprolol CR/ZOK groups, respectively (Table 1). It has
been reported that 24-h ambulatory DBP rather than SBP was a
predominant risk factor for coronary complications in patients aged
o50 years.26 Therefore, we wanted to focus our attention on DBP
reduction in this study rather than SBP, which has been studied
more often.
Our results showed that superior HR control was associated with

bisoprolol vs. metoprolol CR/ZOK, which indicated stronger control
overall. Residual HR control also occurred at the end of a dose
interval, especially in patients with a baseline clinical HR480 b.p.m.
Elevated HR is often caused by an imbalance between an overactive
sympathetic system and/or decreased vagal system,20 and it has been
reported that elevated resting HR was correlated with CV mortality
and was an independent risk factor for CV diseases.18–21 The
European Society of Hypertension and the European Society of
Cardiology stated that HR independently predicts CV morbidity or
fatal events in several conditions, including hypertension.22

Furthermore, HR reduction has been associated with a better
prognosis, such as less mortality and less rehospitalization.18 When
compared with daytime HR, nighttime HR acquires increased
importance. It has been found that nighttime HR was a better
predictor of CV events than daytime HR in hypertensive patients.27

This difference may be due to increased sympathetic activity, which
may cause unfavorable hemodynamic effects that could accelerate
atherosclerosis. Therefore, a high nighttime HR could better reflect
mechanical stress-induced arterial injury.27 In fact, the sympathetic
overactivity underlying elevated HR could also explain the reported
association between elevated nighttime HR and BP, sleep apnea, body
mass index and metabolic abnormalities.27 Thus, when choosing a
24-h long-action medication for hypertensive patients, HR control
should be an important consideration. Bisoprolol therefore could be a
preferable antihypertensive β-blocker for treating hypertension
patients with increased sympathetic activity.
Increased sympathetic activity has an important role in hyperten-

sion pathogenesis. The better HR control observed in the bisoprolol
group may be associated with a trend toward better BP control,
especially during the nighttime. As we mentioned earlier, 24-h BP
variability control is important. It has been reported that early
morning hypertension was associated with stroke prognosis, and a
greater degree of morning BP surge was shown to be an independent
risk factor for stroke.28–31 Nighttime BP control has also drawn much
attention because it could be a better predictor of mortality and CV
events, such as stroke, than daytime BP in patients with and without
hypertension,30,31 especially because there have been reports that
an 8% or 10% increase in the night-to-day ratio of SBP was
independently associated with CV morbidity, including stroke, among
untreated older patients with systolic hypertension and also in the
general population.30 There was evidence that bisoprolol could reduce
left ventricular mass, preserve systolic function and improve diastolic
function of the left ventricle in hypertensive subjects with left
ventricular hypertrophy, which demonstrated that organ protection
occurred in hypertensive patients treated with bisoprolol.32 It is
possible that both the reduction of sympathetic neurotoxicity and
the control of nighttime BP may contribute to these effects.
The fact that bisoprolol showed superior HR reduction and

comparable DBP control vs. metoprolol CR/ZOK in the last 4 h of
the daily-dosing period, which is a period when the circulating
concentration of any drug is the lowest during the dosing period,
was significant and meaningful. Early morning BP surges may
contribute to CV events such as non-embolic strokes and myocardial
infarction, because the peak incidence of these CV events coincide
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with early morning rapid BP surges.13,14 Additionally, it has been
reported that an increase of 5 b.p.m. in the home-measured morning
HR was independently associated with a 17% increase in the risk of
CV mortality.33 The risk of albuminuria in patients with type 2
diabetes was positively associated with an increase of 1 b.p.m. in
morning HR and a 1 mmHg increase in morning systolic BP.24

Therefore, BP and HR control over the entire dosing period, including
the early morning hours, is extremely important, and according to our
study, bisoprolol performed very well in this capacity.
One factor that could potentially affect our results on HR was the

fact that there was a significantly higher percentage of male patients in
the bisoprolol group vs. the metoprolol CR/ZOK group (P= 0.0034).
CV autonomic regulation is an important factor in cardiac mortality,
and HR variability as well as baroreflex sensitivity were two commonly
used methods for assessing this automatic regulation.34 It has also
been reported that, in middle-aged women, baroreflex sensitivity and a
low-frequency component of HR variability was attenuated compared
with men, although the high-frequency component of HR was higher
in women compared with men, which suggests that women with a
lower baroreflex sensitivity before an acute ischemic event would be at
greater risk of mortality when they experience the event.34 However,
because analysis of covariance, including gender as one of the
covariates, was used in our study to compare the changes in the
mean HR during the last 4 h of treatment, we expected the effect of
the different distributions of genders in the two treatment groups to be
minimal.
Drug compliance is one important aspect of patient care, and a high

drug compliance could result in good treatment efficacy if the right
drug is selected. Both drugs had high drug compliance, and complying
with the treatment regimen did not pose a problem for patients. Thus
compliance should not have an important role in determining which
one of these drugs should be used to treat a particular patient.
Both bisoprolol and metoprolol CR/ZOK were well tolerated, and

they had a comparable overall AE rate and study-drug-related AE rate.
No new safety concerns were raised in this study. Overall, our results
on AEs were consistent with previous reports.6–8 Both of these drugs
were safe and had few AEs. Therefore, both are proper choices for
treating mild-to-moderate hypertension.

Limitations
This study investigated the efficacy of bisoprolol on HR and BP
control compared with metoprolol CR/ZOK at the end of a 12-week
treatment period. A long-term study is needed to confirm the
effectiveness of the medication and its impact on prognosis. The
study was further limited by the fact that it was an open-label study in
which the doctors and patients were not blinded to their treatment.
However, the ABPM evaluators were blinded when they assessed
ABPMs from patients in the bisoprolol and metoprolol CR/ZOK
groups. As such, the study can be considered an open-label but end
point-blinded study, and the bias inherent in an open-label study
could at least be substantially overcome, although we could not totally
disregard the effect of patients’ expectations on the BP and HR end
points. Another limitation of the study was the relatively high rate of
protocol deviation, which led to a relatively small number of patients
in the PPS (127 patients in the PPS vs. 186 patients in the ITT). In a
non-inferiority test, analyses based on ITT and PPS are equally
important, and to reach a robust conclusion, their results should be
consistent.35 Despite the relatively small sample of our PPS, the fact
that the results of our ITT and PPS analyses were consistent suggested
that the results were robust.

CONCLUSIONS

Both bisoprolol and metoprolol CR/ZOK could have long-term
action. When compared with metoprolol CR/ZOK, bisoprolol showed
superior mean dynamic HR reduction in the last 4 h of the treatment
period, especially in patients with a baseline HR⩾ 80 b.p.m. Bisoprolol
demonstrated non-inferior dynamic BP control vs. metoprolol
CR/ZOK in patients with mild-to-moderate hypertension. No new
safety concerns were found.
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