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ABSTRACT

Introduction: This study assessed the real-life
effectiveness of a single-pill combination (SPC)
of bisoprolol/perindopril for controlling blood
pressure (BP) and symptoms of angina in
patients with hypertension and a history of
myocardial infarction (MI).
Methods: Eligible patients with arterial hyper-
tension and a history of MI were aged 18–-
79 years and had initiated bisoprolol/
perindopril SPC within 3 months of study
enrollment as part of routine Russian clinical
practice. The primary endpoint was mean
change in systolic and diastolic BP (SBP/DBP) at
week 12 compared with baseline (data collected
retrospectively). Secondary endpoints were
assessed at weeks 4 and 12 and included mean
change in resting heart rate (HR), proportion of
patients reaching target level of resting HR,
antianginal effectiveness of the SPC, and pro-
portion of patients reaching target BP levels.

Results: A total of 504 patients were enrolled,
of whom 481 comprised the full analysis set
(mean age 61.4 ± 8.9 years, 68% men). Mean
baseline SBP/DBP and HR values were 148.9 ±

16.8/87.7 ± 11.0 mmHg and 77.4 ± 10.5 bpm,
respectively. Mean durations of hypertension
and CAD were 12.8 ± 8.4 and 6.1 ± 6.3 years,
respectively, and time since MI was 3.8 ±

5.3 years. At week 12, SBP/DBP had decreased by
24.9/12.2 mmHg (P\0.001 vs baseline). Target
BP (\140/90 mmHg) was achieved by 69.8%
and 95.9% of patients at weeks 4 and 12,
respectively, and target HR (55–60 bpm) by
17.3% and 34.5% at weeks 4 and 12 versus 3.1%
at baseline (P\0.001). Reductions in angina
attacks, nitrate consumption, and improve-
ments in HR were statistically significant.
Treatment was well tolerated.
Conclusion: Treatment of symptomatic
patients with CAD, hypertension, and a history
of MI with a bisoprolol/perindopril SPC was
associated with significant decreases in SBP/DBP
and a high proportion of patients achieving BP
treatment goals. This was accompanied by
improvements in angina symptoms and reduc-
tions in HR in a broad patient population rep-
resentative of those seen in everyday clinical
practice.
Trial Registration: ClinicalTrials.gov Identifier
NCT04656847.
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Key Summary Points

Why carry out this study?

Most patients require combination therapy
with two antihypertensive agents to attain
blood pressure targets. For patients with
hypertension and stable coronary artery
disease (CAD), the benefits of a single-pill
combination (SPC) of a beta-blocker and
angiotensin-converting enzyme (ACE)
inhibitor in the form of bisoprolol/
perindopril have been demonstrated.

This 3-month observational study aimed to
extend these findings to the high-risk
population of patients with stable CAD and
a history of myocardial infarction treated
with a bisoprolol/perindopril SPC in routine
clinical practice.

What was learned from the study?

The addition of bisoprolol/perindopril SPC
to background antihypertensive and lipid-
lowering therapy for 3 months was
associated with significant decreases from
baseline in systolic and diastolic blood
pressure (- 24.9/- 12.2 mmHg) as well as
heart rate (- 14.1 bpm) (P\0.001), which
were already observed at 1 month.

These reductions allowed over two-thirds
(69.8%) of patients to achieve target blood
pressure (\140/90 mmHg) at 1 month, and
nearly all (95.9%) at 3 months. Reductions
in angina attacks and short-acting nitrate
consumption were also observed.

Treatment effectiveness was combined with
good tolerability, positioning the bisoprolol/
perindopril SPC as a valuable treatment
option in routine clinical practice for this
population at high cardiovascular risk.

INTRODUCTION

Worldwide trends in hypertension preva-
lence reported by the NCD Risk Factor Collab-
oration indicate that in 2019, the global
number of people with hypertension was over
one billion [1]. The same research reported that
at a country level, there are major differences in
hypertension prevalence, with some regions,
including Eastern Europe, continuing to
observe high rates. In addition, many countries
in Eastern Europe had low blood pressure con-
trol rates despite a relatively high proportion of
patients receiving treatment [1]. Among
patients with coronary artery disease (CAD), the
prevalence of hypertension ranges from 30% to
70% and is associated with a worse prognosis
[2]. There is therefore an urgent need for new
initiatives to improve management of hyper-
tension and CAD and eventually reduce the
burden of cardiovascular morbidity and mor-
tality globally.

One such approach is with the use of single-
pill combinations (SPC) of two first-line anti-
hypertensive agents from different classes. This
strategy is recognized to improve blood pressure
control rates more rapidly and often with fewer
adverse effects compared to doubling the dose
of a single drug, and is associated with increased
long-term adherence [3, 4]. SPCs are now
endorsed worldwide by major societies produc-
ing guidelines for the management of arterial
hypertension [5, 6]. The World Health Organi-
zation has recognized the use of SPCs as best
clinical practice and added them to the 2019
Essential Medicines List [7].

As the majority of hypertension manage-
ment is performed in routine clinical practice,
data on the effectiveness and safety of an SPC
outside the setting of a randomized clinical trial
in a broad range of patients with hypertension
and concomitant conditions is essential for
physicians to make informed decisions about
treatment. Among patients with CAD (whether
patients are symptomatic or not), current
guidelines recommend a beta-blocker to control
exertional angina and prevent ischemic events,
and an angiotensin-converting enzyme (ACE)
inhibitor to reduce risk of cardiovascular events
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including mortality, stroke, myocardial infarc-
tion (MI), or onset of heart failure (HF) in
patients with additional comorbidities such as
hypertension or diabetes [8–16].

This combination is particularly recom-
mended in patients with hypertension and CAD
who have a history of MI [6]. In clinical prac-
tice, a high percentage of patients with CAD are
treated with a beta-blocker and ACE inhibitor
combination, and an SPC with representative
agents from these classes became available in
2016 in the form of bisoprolol/perindopril.
These agents were chosen on the basis of the
collective large evidence base supporting their
long-term efficacy and tolerability, and benefi-
cial effects on cardiovascular outcomes [17].
Each component also has a long elimination
half-life providing 24-h efficacy with once-daily
administration [18, 19].

Recent real-world data have confirmed the
antihypertensive and antianginal benefits of a
bisoprolol/perindopril combination in patients
with hypertension and stable CAD [20, 21]. The
aim of the current observational study was to
extend the previous observational data by
evaluating the effectiveness of a beta-blocker-
based SPC on blood pressure, heart rate, and
anginal symptoms in a high-risk post-MI pop-
ulation with concomitant hypertension.

METHODS

Patients

Male and female patients with stable CAD aged
18–79 years with arterial hypertension and a
history of MI were recruited. Exclusion criteria
included stable angina class IV according to
Canadian Cardiovascular Society (CCS) classifi-
cation, chronic HF class III–IV according to the
New York Heart Association (NYHA) classifica-
tion, a history of MI within the past 3 months,
cerebrovascular diseases (ischemic, hemor-
rhagic stroke, or transient ischemic attack)
within the past 6 months prior to inclusion in
the study, a history of revascularization proce-
dure within 3 months prior to inclusion in the
study, office blood pressure C 180/110 mmHg
on treatment, type 1 diabetes mellitus or

decompensated type 2 diabetes mellitus,
bradycardia with a heart rate of less than
60 beats per minute (bpm), any serious decom-
pensated concomitant diseases requiring regu-
lar medical treatment, pregnancy or breast-
feeding, and any contraindications to ACE
inhibitors and/or beta-blockers.

Study Design

PRIDE was a 3-month, ambispective, observa-
tional, multicenter study conducted in Russia
between March and October 2021 in ambula-
tory patients who were initiated with the biso-
prolol/perindopril SPC by treating physicians as
part of routine clinical practice, independently
from the decision to include the patient in the
study, and within a 3-month period preceding
the patient’s enrollment. Background antihy-
pertensive therapy was at the discretion of the
investigator and could include calcium channel
blockers and diuretics. Criteria for inclusion or
exclusion of patients into the study and base-
line data, including systolic and diastolic blood
pressure (SBP/DBP) and heart rate (HR), were
extracted retrospectively from the patients’
medical records using values proximal to SPC
initiation (i.e., corresponding to the last values
available in the records before SPC initiation).
For other parameters, for which recording in the
patients’ medical records is not mandatory,
such as number of angina attacks and short-
acting nitrate use, baseline data were obtained
prospectively at the enrollment visit.

Patients were appointed to make three visits
to the study site: an enrollment visit (approxi-
mately 2–4 weeks after initiating the SPC), and
two follow-up visits scheduled for 4 weeks (± 1
to 2 weeks) and 12 weeks (± 1 to 2 weeks) after
inclusion. Office blood pressure was measured
on the right arm after 5 min of rest with the
patient in a sitting position using the Korotkoff
method. Three measurements were performed
at 1–2 min intervals, after 5 min of rest. SBP,
DBP, and HR values were taken as the mean of
the last two readings. If there were differences
between two consecutive measurements of SBP
of 15 mmHg or more, repeated measurements
were performed. During the study, patients
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were asked to keep a diary in which they
reported the number of angina attacks, con-
sumption of short-acting nitrates, and any
adverse events. The same information was col-
lected by each of the investigators at scheduled
visits.

At the enrollment visit, all patients were
receiving bisoprolol/perindopril SPC at one of
the following doses: 2.5/2.5 mg (half tablet),
5.0/5.0 mg, 5.0/10.0 mg, or 10.0/10.0 mg. The
dose could be changed during the study at the
discretion of the investigator.

Efficacy Endpoints

The primary objective was to describe the anti-
hypertensive effectiveness of a bisoprolol/
perindopril SPC in patients with CAD, hyper-
tension, and previous MI at week 12 of the
observational period compared to baseline (ret-
rospective data). The main secondary objectives
(measured at weeks 4 and 12 of the observa-
tional period vs enrollment visit [prospectively
collected data]) included anti-ischemic effec-
tiveness of the SPC in terms of change in
number of angina attacks per week, change in
consumption of short-acting nitrates, change in
number of angina equivalents suffered per week
(e.g., shortness of breath, sweating, extreme
fatigue, or pain at a site other than the chest),
and change in limitation of daily activity. The
proportion of patients reaching target levels of
blood pressure and HR at weeks 4 and 12 of the
observational period; mean change in resting
HR from baseline at weeks 4 and 12 of the
observational period; and the association
between the resting HR and achievement of
target levels of blood pressure at week 12 were
also evaluated. Blood pressure goals were in line
with the European Society of Cardiology (ESC)/
European Society of Hypertension (ESH) rec-
ommendations, which state that the first
objective of treatment should be to lower blood
pressure to\140/90 mmHg in all patients and,
provided that the treatment is well tolerated,
treated blood pressure values should be targeted
to 130/80 mmHg or lower in most patients [6].

The study complied with the ethical princi-
ples derived from the Declaration of Helsinki.

The study protocol was approved by the inter-
academic ethics committee (IEC). All patients
provided written informed consent.

Statistical Analysis

Data were analyzed using R statistical software.
All study parameters were presented using
descriptive statistics including mean, standard
deviation, 95% confidence intervals, or as
absolute number and relative frequency of
occurrence of each possible value for qualitative
or categorical variables. Spearman’s rank coeffi-
cient of correlation was used to measure the
strength of relationship between resting HR and
achievement of target blood pressure levels.
Analyses were performed on the full analysis set
(FAS) that comprised data from all patients
included in the study who had at least one
effectiveness assessment accomplished after
enrollment. A value of two-sided P\ 0.05 was
considered statistically significant. Adverse
events were assessed in all patients who received
a dose of study drug.

RESULTS

Patient Disposition and Baseline
Characteristics

A total of 95 general practitioners and cardiol-
ogists recruited 504 patients. Inclusion criteria
were not met by 23 patients and therefore 481
patients comprised the FAS.

Demographic and baseline clinical charac-
teristics are shown in Table 1. The study popu-
lation had a mean age of 61.4 ± 8.9 years
(33–79 years) and were mostly male (n = 327,
68%); the majority were overweight (mean BMI
28.8 ± 4.0 kg/m2). A high proportion of
patients presented at least one cardiovascular
risk factor: 90.9% had dyslipidemia, 37.2% had
a family history of premature cardiovascular
disease, 33.1% were current smokers, and 24.1%
had type 2 diabetes.

Concomitant medical conditions were
prevalent: 62.2% had a history of coronary

2728 Adv Ther (2023) 40:2725–2740



revascularization, 33.5% a history of peripheral
arterial disease, and 6.2% a history of stroke.

The mean duration of hypertension was
12.8 ± 8.4 years, while the mean time from
CAD diagnosis was 6.1 ± 6.3 years and that
from MI was 3.8 ± 5.3 years.

At baseline, the mean SBP/DBP and HR val-
ues were 148.9 ± 16.8/87.7 ± 11.0 mmHg and
77.4 ± 10.5 bpm, respectively. The majority of
patients (73%) had ESC/ESH-defined grade 2 or
3 hypertension [6]. It is worth noting that
29.1% of patients at baseline had SBP/DBP val-
ues less than 140/90 mmHg. Angina pectoris
CCS class I, II, and III was diagnosed in 28.1%,
62.8%, and 9.2% of patients, respectively;
63.2% of patients reported anginal symptoms
with a mean of 4.2 ± 3.2 attacks per week and a
mean short-acting nitrate consumption of
3.5 ± 3.5 per week.

The most frequently taken SPC dose was
bisoprolol 5 mg/perindopril 10 mg (34.3%),
followed by bisoprolol 5 mg/perindopril 5 mg
(33.5%), and bisoprolol 10 mg/perindopril
10 mg (20.2%). The proportions of patients on
the individual SPC doses at each study visit are
shown in Table 2. The majority of patients
made no change to their SPC dose at either the
week 4 (89.0% remained on same SPC dose) or
week 12 visit (98.4% remained on same dose).

In addition to the bisoprolol/perindopril
SPC, patients were receiving a range of cardio-
vascular drugs with the exception of other beta-

Table 1 Baseline patient demographics and clinical
characteristics

Total population
(n = 481)

Age (mean ± SD, years) 61.4 ± 8.9

Gender, n (%)

Men 327 (68.0)

Women 154 (32.0)

SBP (mean ± SD, mmHg) 148.9 ± 16.8

DBP (mean ± SD, mmHg) 87.7 ± 11.0

Heart rate (mean ± SD, bpm) 77.4 ± 10.5

Hypertension, n (%)

Grade 1 132 (27.4)

Grade 2 209 (43.5)

Grade 3 140 (29.1)

Duration of hypertension

(mean ± SD, years)

12.8 ± 8.4

Angina functional class, n (%)

I 135 (28.1)

II 302 (62.8)

III 44 (9.2)

Duration of coronary artery disease

(mean ± SD, years)

6.1 (6.3)

Dyslipidemia, n (%) 437 (90.9)

Type 2 diabetes, n (%) 116 (24.1)

Family history of early onset CVD,

n (%)

179 (37.2)

Current smoker, n (%) 159 (33.1)

Coronary revascularization, n (%) 299 (62.2)

History of stroke, n (%) 30 (6.2)

Concomitant therapy, n (%)

CCB 189 (40.2)

Diuretic 81 (16.8)

Trimetazidine 139 (28.9)

Ivabradine 20 (4.2)

Nicorandil 19 (4.0)

Table 1 continued

Total population
(n = 481)

Ranolazine 9 (0.8)

Short-acting nitrate 232 (48.7)

Long-acting nitrate 11 (2.3)

Antithrombotic agent 315 (65.5)

Antiplatelet therapy 305 (63.4)

Anticoagulant 10 (2.1)

Lipid-lowering agent 464 (96.9)
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blockers or renin–angiotensin–aldosterone sys-
tem (RAAS) inhibitors (Table 1). During the
study there was a significant decrease in the
proportion of patients taking concomitant cal-
cium channel blockers (from 40% at enrollment
to 36% [P = 0.014 vs enrollment] and 35%
[P = 0.001 vs enrollment] at weeks 4 and 12,
respectively) and short-acting nitrates (from
49% at enrollment to 19% [P = 0.001 vs
enrollment] and 8% [P = 0.001 vs enrollment]
at weeks 4 and 12, respectively). The proportion
of patients taking other antianginal drugs also
significantly decreased from 40% at enrollment
to 32% (P = 0.014 vs enrollment) and 31%
(P = 0.001 vs enrollment) at weeks 4 and 12,
respectively. Observed changes were mainly
driven by reduction in use of long-acting
nitrates, nicorandil, and ranolazine (from 6%,
10%, and 5% at enrollment to 4.8%, 5% and 3%
at week 12, respectively).

Efficacy Results

Blood Pressure Lowering
Mean SBP decreased by 24.9 mmHg from
148.9 ± 16.8 mmHg at baseline to
124.6 ± 8.2 mmHg at week 12, and mean DBP
by 12.2 mmHg from 87.7 ± 11.0 mmHg at
baseline to 75.9 ± 5.9 at week 12, both
P\ 0.001 (Fig. 1). Statistically significant
reductions compared with baseline were already
observed at the week 4 visit with mean reduc-

tions in SBP and DBP of 17.3 and 8.4 mmHg,
respectively (Fig. 1).

Proportion of Patients Achieving Target Blood
Pressure Goals
The proportion of patients achieving a target
blood pressure level of\140/90 mmHg was
69.8% at week 4 and 95.9% at week 12 com-
pared with 23.9% at baseline (both P\0.001).
For the stricter target level of B 130/80 mmHg,
the proportions were 26.4% and 51.0%,
respectively at week 4 and week 12, compared
with 10.6% at baseline (P\0.001 for the
week 12 value compared with baseline). The
proportion of patients achieving both blood
pressure targets was also statistically significant
for the week 12 compared with week 4 visit
(P\0.001).

Antianginal Effectiveness
During the study, there was a reduction in the
proportion of patients with anginal symptoms
from 63.2% at baseline, to 33.0% at week 4 and
to 10.6% at week 12.

The mean number of angina attacks per week
decreased from 4.2 ± 3.2 at baseline to
2.8 ± 2.3 at week 4, and to 2.0 ± 1.5 at week 12
(Fig. 2). Mean consumption of short-acting
nitrates per week decreased similarly from
3.5 ± 3.5 at baseline to 1.8 ± 2.1 at week 4, and
to 1.0 ± 0.9 at week 12 (Fig. 2). For both angina
attacks and short-acting nitrate consumption
the reductions observed were statistically sig-
nificant for each visit compared with baseline
and for the week 12 compared with week 4 visit
(all P\0.001).

A reduction in anginal equivalents was also
observed, with 32.2% of patients reporting
them at baseline, compared with 15.3% at
week 4, and 3.7% at week 12. The mean number
of anginal equivalents suffered per week
reduced from 3.4 ± 4.4 at baseline to 2.0 ± 1.5
at week 4 and 1.3 ± 0.6 at week 12 (P\0.001).
The reduction in anginal equivalents at week 12
compared with week 4 was also statistically
significant (P = 0.003).

Table 2 Number of patients receiving doses of the biso-
prolol/perindopril single pill combination at each study
visit

Bisoprolol/
perindopril
dose (mg)

Number (%) of patients

Enrollment Week 4 Week 12

2.5 ? 2.5 58 (12.1) 41 (8.7) 38 (8.8)

5.0 ? 5.0 161 (33.5) 146 (30.9) 136 (31.3)

5.0 ? 10.0 165 (34.3) 172 (36.4) 157 (36.2)

10.0 ? 10.0 97 (20.2) 113 (23.9) 103 (23.7)
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The improvement in anginal symptoms
during the study was associated with fewer
patients limiting their daily activity. Among the
patients for whom this information was avail-
able at baseline (n = 152), the majority (131
[86.2%]) reported they limited their daily
activity because of anginal symptoms or equiv-
alents. After 4 weeks of treatment this had
reduced to 62.3% (P\0.001), and by week 12
only 35.3% of patients were limiting their daily
activity (P = 0.003). The improvement in the
proportion of patients limiting their daily
activities was also significant between the
week 12 and week 4 visit (P = 0.008).

Reductions in Resting Heart Rate
The resting HR decreased significantly
(P\0.001) from baseline to week 12 (by
14.1 ± 10.5 bpm, from 77.4 ± 10.5 bpm to
63.3 ± 5.0 bpm). The majority of this effect was
already observed at the first follow-up visit
(corresponding to 4 weeks [± 1 to 2 weeks] of
prospective observation) decreasing by
10.5 ± 9.1 bpm, to 67.0 ± 7.4 (Fig. 3).

Consequently, the proportions of patients
with target resting HR values (55–60 bpm)
increased significantly from baseline (3.1%) to
week 4 and from baseline to week 12 (17.3%
and 34.5% respectively) (P\ 0.001). The
increase in patients achieving HR targets was

Fig. 1 Change in mean blood pressure over the course of
the study. Baseline values were obtained retrospectively
from patients’ medical records. For both SBP and DBP,
changes were statistically significant for the week 4 and
week 12 visits compared with both the baseline and

enrollment values (all P\ 0.001). Changes were also
significant between the week 4 and week 12 visits
(P\ 0.001). Me median
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also significant for the week 12 compared with
week 4 visit (P\ 0.001).

Correlation Between Changes in Resting Heart
Rate and Achievement of Blood Pressure
Targets
There were statistically significant but weak
negative correlations between changes in rest-
ing HR and achievement of \140/90 mmHg
and B 130/80 target blood pressure levels at
week 12 of the observational period
(rho = - 0.172 and - 0.169, respectively,
P\ 0.001), which indicates that, as resting HR
decreases, achievement of target blood pressure
increases (Fig. 4).

Safety

No adverse events or adverse drug reactions
related to the bisoprolol/perindopril SPC were
observed and no withdrawals for any adverse
events were reported.

DISCUSSION

The results of this observational study con-
ducted in routine clinical practice have shown
that in a high-risk population of patients with
CAD, hypertension, and a previous history of
MI, initiation of treatment with a bisoprolol/
perindopril SPC was associated with statistically
significant decreases in SBP, DBP, and HR after
12 weeks. During the observational period of
the study when patients were receiving the SPC,

Fig. 2 Change in number of angina attacks per week and
frequency of short-acting nitrate use over the course of the
study. For both variables, changes were statistically signif-
icant for the week 4 and week 12 visits compared with the

enrollment visit (all P\ 0.001). Changes were also
significant between the week 4 and week 12 visits
(P\ 0.001). Me median
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there was a statistically significant reduction in
use of concomitant antihypertensive and
antianginal medications (calcium channel
blockers, long- and short-acting nitrates, nico-
randil, ranolazine). This occurred in parallel to
the changes in blood pressure and HR, sug-
gesting that the improvements in patient
hemodynamics were linked to initiation of the
SPC.

It is now well established that the majority of
patients with hypertension will require more
than one drug to achieve recommended levels
of blood pressure control. Beta-blockers and

ACE inhibitors are effective for the treatment of
a broad range of patients with hypertension
[17], and in patients with CAD, hypertension,
and a history of MI they are recommended as a
preferred treatment strategy by a number of
international guidelines [8–16], including those
of the ESC/ESH, based on evidence that they
improve outcomes post MI [6, 22]. This is sup-
ported by data from a recent retrospective
cohort study from a large Korean registry of over
50,000 patients who had undergone revascu-
larization for MI and received a beta-blocker at
hospital discharge [23]. Over a median follow-
up of 3.5 years, patients who had received beta-
blocker therapy for at least 1 year after their MI
had a significantly reduced risk of all-cause
death compared with those who received beta-
blocker therapy for less than 1 year. A further
registry study, this time using data from the UK
Clinical Practice Research Datalink, compared
the effects of bisoprolol, other beta-blockers,
and drugs other than beta-blockers on the long-
term risk of mortality and cardiovascular events
in patients with angina [24]. Treatment of new-
onset angina with bisoprolol was associated
with significantly greater reductions in the risk
of mortality as well as other cardiovascular
outcomes compared with other treatments in a
real-world primary care population.

The two classes have complementary mech-
anisms of blood pressure lowering, via actions
on the sympathetic nervous system (SNS) and
RAAS. In the current study, a mean blood
pressure reduction of 24.9/12.2 mmHg was
achieved at week 12 compared with baseline,
and a reduction of 17.3/8.4 mmHg was already
evident at week 4, suggesting that the majority
of the effect was obtained early after initiating
treatment. These reductions allowed the
majority of patients (96%) to achieve blood
pressure\140/90 mmHg at week 12.

Data from a 2016 meta-analysis of 123 ran-
domized controlled trials of antihypertensive
therapy indicated that every 10 mmHg reduc-
tion in SBP was associated with a 17% reduction
in the risk of CAD [25]. More recent data from
the Blood Pressure Lowering Treatment Trial-
ists’ Collaboration analysis of 48 randomized
clinical trials revealed that a 5-mmHg reduction
of SBP reduced the risk of major cardiovascular

Fig. 3 Change in resting heart rate over the course of the
study. Baseline values were obtained retrospectively from
patients’ medical records. Changes were statistically signif-
icant for the week 4 and week 12 visits compared with
both the baseline and enrollment values (all P\ 0.001).
Changes were also significant between the week 4 and
week 12 visits (P\ 0.001). Me median
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Fig. 4 Correlation between changes in resting heart rate
and achievement of blood pressure targets. There were
statistically significant but weak negative correlations
between changes in resting HR and A achievement

of\ 140/90 mmHg and B B 130/80 target blood pres-
sure levels at week 12 of the observational period
(rho = - 0.172 and - 0.169, respectively, P\ 0.001)
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events by about 10% over a mean of 4 years
follow-up [26].

The addition of bisoprolol/perindopril SPC
to the treatment plan also led to significant
reductions in the number of both angina
attacks and anginal equivalents, as well as use of
short-acting nitrates. Chronic angina is the
most common clinical manifestation of
myocardial ischemia and both bisoprolol and
perindopril have cardioprotective effects in the
ischemic heart independent of blood pressure
lowering. Bisoprolol has been shown to
improve flow-mediated vasodilatation (a mar-
ker of endothelial function) [27], and to mark-
edly reduce the number and duration of
transient ischemic episodes, as well as the HR at
which ischemic episodes occur [28]. This is
achieved via actions that include decreasing
myocardial oxygen demand and elevated rest-
ing HR [29]. The anti-ischemic effects of
perindopril are thought to be a result of its
numerous vasculo-protective properties. These
include vasodilatory actions to increase coro-
nary blood flow, preventing the inactivation of
endothelium-derived nitric oxide by superoxide
anions, and antiatherogenic properties via its
effects on smooth muscle cell proliferation [30].
The inhibitory effects of ACE inhibitors on
angiotensin II-induced thrombogenesis, sym-
pathetic nerve activation, endothelin release,
and plaque instability may also be involved
[30, 31].

Recent data from the CLARIFY registry indi-
cate that angina and ischemia predict worse
cardiovascular outcomes [32]. Compared with
patients without angina, persistence and
occurrence of angina at 1 year were each asso-
ciated with an increased risk of cardiovascular
death or MI. These findings are supported by
those from the REACH registry in which
patients with stable angina had an increased
risk for adverse cardiovascular outcomes, par-
ticularly heart failure, cardiovascular hospital-
ization, and coronary revascularization,
compared with those without angina [33].

Evidence for the benefits of a beta-blocker/
perindopril combination for reducing adverse
cardiovascular outcomes in patients with CAD
comes from several landmark trials including
EUROPA [34, 35] and a retrospective pooled

analysis of EUROPA, ADVANCE, and PROGRESS
[36]. Among patients who were already on beta-
blocker therapy, the addition of perindopril was
associated with statistically significant reduc-
tions in the primary composite endpoints,
which included cardiovascular mortality and
non-fatal MI. Further evidence for the benefits
of a beta-blocker/ACE inhibitor combination
comes from the Spanish PRIAMHO-II Registry,
which followed over 5000 patients who were
discharged from hospital after suffering an
acute MI and followed them for 1 year [37].
Among patients who received the combination,
1-year mortality was reduced to a significantly
greater extent that with ACE inhibitors or beta-
blockers alone [37].

PRIDE was a short-term observational study
designed to assess the real-life effectiveness of a
bisoprolol/perindopril SPC for the control of BP
and symptoms of angina in patients with
hypertension and a history of MI. As such it
could not determine the effectiveness of the
combination for secondary prevention of CVD.
The majority of PRIDE participants were also
taking a lipid-lowering therapy (97%) and
around two-thirds were on antiplatelet therapy
(63.4%), reflective of a polypill strategy. Such
strategies are associated with reductions in CVD
outcomes, as most recently illustrated by the
results of the SECURE trial. In this randomized
controlled trial, patients with an MI in the
previous 6 months were randomized to an
aspirin, ACE inhibitor, atorvastatin-containing
SPC or usual care and followed for a median of
3 years [38]. The polypill regimen was associ-
ated with a significant reduction in major
adverse cardiovascular events and higher med-
ication adherence.

Frequent episodes of angina pain and dis-
comfort are also a burden for the patient and
associated with physical limitations and a
reduced quality of life, irrespective of the degree
of CAD [39, 40]. In the current study, 86% of
patients were limiting their daily activity at
baseline because of anginal symptoms or
equivalents, but by the end of the study this had
more than halved with just over a third (35%)
continuing to limit activity.

Most episodes of ischemia are associated
with a preceding period of increased HR. In an
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ambulatory monitoring study of 50 patients
with stable CAD, 81% of ischemic episodes were
preceded by an increase in HR of at least 5 bpm
[41]. Furthermore, the likelihood of developing
ischemia was directly proportional to both the
magnitude and duration of the HR increase as
well as the baseline HR. Similar findings have
been reported in other studies [42, 43]. Elevated
resting HR is also an independent predictor of
cardiovascular morbidity and mortality [44],
and as levels rise above 70 bpm, the more likely
patients are to be in a higher angina functional
class [45]. HR control is the first and most
important step in order to achieve symptomatic
control in patients with stable angina. HR
reduction decreases oxygen consumption in the
cardiomyocyte, maintaining its viability. In
addition, HR reduction prolongs diastolic per-
fusion time and improves coronary flow reserve.
When combined, these effects increase the
ischemic threshold and reduce the likelihood of
angina [46]. In the current study, mean resting
HR was 77.4 bpm at baseline, well above current
guideline targets of 55–60 bpm [9]. Statistically
significant HR reductions were already achieved
at week 4, and by week 12, HR had decreased to
63.3 bpm and the proportion of patients
achieving the HR target of 55–60 bpm was
34.5% compared with only 3.1% at baseline.
These results are an improvement over the
results from the ATHENA study in which a
resting HR of 55–60 bpm on beta-blocker-based
therapy was achieved in only 15.5% of patients
with stable angina and hypertension in routine
clinical practice [47]. In addition, our study
demonstrated a small but statistically signifi-
cant negative correlation between changes in
resting HR and achievement of target blood
pressure levels at week 12, indicating that as
resting HR decreases achievement of target
blood pressure increases.

A number of studies have provided real-
world evidence to support the benefits of com-
bining bisoprolol with perindopril
[21, 27, 48, 49]. The most recent data come
from a post hoc analysis of three large Canadian
observational studies [21]. The three studies all
shared the same design, including the same
inclusion and exclusion criteria, treatment
duration (16 weeks), and primary outcome,

which allowed the post hoc analysis to assess
the effectiveness and safety of adding perindo-
pril to bisoprolol-based therapy in patients with
mild-to-moderate hypertension [21]. The com-
bination was associated with statistically sig-
nificant reductions in blood pressure compared
with baseline, and achievement of blood pres-
sure goals in at least three out of four patients at
study end.

The PRIDE results complement the findings
from the Canadian observational studies by
providing data with a bisoprolol/perindopril
SPC. The PRIDE design was similar to that of the
STYLE study, also conducted in Russian clinical
practice, with the exception that all patients
had a history of previous MI, compared with
only 26% in the STYLE study [20]. Both studies
demonstrated statistically significant reductions
in blood pressure from as early as 4 weeks after
the initiation of the SPC, with continued
improvements throughout the study. This was
accompanied by reductions in HR and
improvements in angina symptoms. In both
studies, treatment was very well tolerated with
no safety concerns raised during 12 weeks of the
observation.

A recent review article describes the numer-
ous concomitant medical conditions frequent
in patients with hypertension for which beta-
blockers are prescribed. It suggests that they
should be regarded as first-line agents for
hypertension in clinical practice, particularly if
characterized by a long half-life, highly selective
beta-1 blocking activity and no intrinsic agonist
properties [50]. This study provides important
real-world evidence obtained from observa-
tional data generated during routine clinical
practice. Taken together the results confirm the
benefits of combining bisoprolol with perindo-
pril as an SPC in the full spectrum of patients
with hypertension and CAD, both with and
without a history of MI.

Strengths and Limitations

In this real-world study, participants were not
randomized or otherwise pre-assigned to a
treatment arm, and the choice and dose of
treatment was at the discretion of the treating
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physicians. Consequently, the results do not
permit any causal inferences to be made about
treatment effectiveness. Additional limitations
were that the SPC was initiated on background
treatment with antihypertensive drugs and the
study did not assess when such treatments were
started or how changes in the doses of these
medications during the study could have influ-
enced observed results. The number of angina
attacks and frequency of short-acting nitrate use
were assessed on the basis of patient self-re-
ported data and may have been associated with
a risk of recall bias. The inclusion and exclusion
criteria as well as the baseline data were (for the
most part) retrospectively evaluated using
recorded clinical data from medical records. The
exception was variables that are not routinely
recorded in the patients’ medical record such as
angina frequency and short-acting nitrate use,
which were obtained at the enrollment visit.
This single-group study design may have some
limitations from a comparative effectiveness
standpoint and should therefore be interpreted
with caution. Finally, the patients enrolled in
this study could be described as having mature,
long-standing CAD, with most of the dangerous
coronary lesions already revascularized or hav-
ing caused MI. This population represents a
large proportion of patients observed in clinical
practice, and also characterizes populations
evaluated in large registry studies such as
CLARIFY [32].

CONCLUSION

Data collected in routine Russian clinical prac-
tice indicate that an SPC of bisoprolol/
perindopril is a suitable treatment for patients
with CAD, hypertension, and a history of MI.
Treatment was associated with statistically sig-
nificant and clinically meaningful reductions
from baseline in SBP, DBP, and HR, which were
already apparent at week 4. The reductions
allowed the majority of patients to achieve a
target blood pressure and were accompanied by
improvements in angina symptoms and short-
acting nitrate use. The treatment was very well
tolerated in a population at very high cardio-
vascular risk.
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