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FREQUENCY OF USE AND INDICATIONS
FOR BETA-BLOCKERS IN HEART FAILURE
WITH PRESERVED EJECTION FRACTION

To evaluate trends in beta-blocker prescribing and incidence of possible reasons for beta-blocker
administration, including arterial hypertension (AH), atrial fibrillation (AF), ischemic heart disease
(IHD), and myocardial infarction, in participants of clinical studies enrolling patients with chronic

A systematic literature search was performed in the PubMed and EMBASE databases. The study
included RCSs of pharmacological therapies for patients with CHE-PEF conducted from 1993 through
2019. Studies of beta-blocker efficacy or those including a specific population (CHF-PEF+IHD or
CHF-PEF+AH, etc.) were excluded from the analysis. Baseline characteristics of patients, incidence
rate of beta-blocker prescribing, and prevalence of AH, AF, IHD, and MI were recorded. Trends in
prevalence of concomitant diseases and the proportion of patients using beta-blockers by the year of

14 RCSs of 718 selected publications completely met the inclusion and exclusion criteria. Beta-blocker
prescribing significantly increased between 1993 and 2019 (tau=0.51; p=0.014) and reached 80% in
recent studies. Furthermore, prevalence of IHD, MI, AH, and AF did not significantly change among
the RCS participants (p>0.0S for all). However, while for AH and AF, a tendency toward an increasing
prevalence (tau=0.4; p=0.05S and tau=0.043; p=0.063, respectively) could be considered and became
statistically significant for AF when the ALDO-DHF study was excluded from the analysis (tau=0.5;

Beta-blocker prescribing to patients upon inclusion into RCSs for CHF-PEF has significantly increased
for the recent 20 years while the incidence of formal reasons for beta-blocker administration (AF, AH,
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of drugs However, beta-blockers are relatively commonly

the main group

eta-blockers are
B recommended to improve the prognosis in patients
presenting with chronic heart failure (CHF) and reduced
ejection fraction (HFrEF) [1, 2]. However, there is
no conclusive evidence of the beneficial effect of beta-
blockers on the prognosis in patients with CHF and
preserved ejection fraction (HFpEF).

At the same time, beta-blockers are administered in
patients with HFpEF under the current guidelines based on
the need to control blood pressure (BP) and ventricular rate
in concomitant atrial fibrillation (AF), and/or a diagnosis of
coronary artery disease (CAD) [1, 3]. In the latter case, the
use of beta-blockers seems to be the most reasonable, and
are administered to improve the prognosis in patients with a
recent (<1 year) myocardial infarction (MI) [4-6].

30

administered in patients with HFpEF in clinical practice
(70-80%), which is almost comparable with patients with
HFrEF [7-10]. This is hypothetically due to both the high
prevalence of the above diseases and perhaps an inertial
approach of physicians projecting the treatment of HFrEF
onto patients of this category regardless of a new attitude
to the role of beta-blockers in the treatment of patients with
hypertension and CAD, which has changed over the past
decade.

The perspective of the pathogenesis of HFpEF is
continuously evolving. This has not resulted in new proven
treatments, yet has contributed to the development of
new diagnostic algorithms (including the mandatory
determination of the levels of natriuretic peptides) [1, 3, 11]
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and slightly changed the perceptions of clinical and
demographic profiles of such patients. For example, in the
first trials, patients with HFpEF and HFrEF often differed
only in the ejection fraction [12]. Now it is evident that
there are differences between these two groups in the rates
of other cardiovascular diseases, particularly CAD (e.g., MI)
and hypertension, which is the most relevant in this context
[7, 8, 13]. The role of CAD in the development of HFpEF
appears to be relatively small. Hypertension is considered
to be one of the leading causes of HFpEF [14]. It should be
noted that according to the majority of current guidelines,
beta-blockers are not the first-line of treatment of patients
with hypertension [15-17]. This can mainly be attributed to
the lack of efficacy in reducing central BP [ 18], the increased
levels of which appear to be associated with the development
of diastolic dysfunction and thus HFpEF [19].

Moreover, several recent retrospective trials have
suggested that the use of beta-blockers in patients with
documented HFpEF could be unfavorable from both
hemodynamic and prognostic perspectives [20-22].

Thus, our objective was to assess the rate trend of
using beta-blockers and the possible reasons for their
administration (hypertension, AF, CAD, MI) in the subjects
of randomized clinical trials (RCTs), including patients with
HFpEE.

Material and methods
Literature search

A systematic search of the literature was carried out
in the PubMed and EMBASE databases. The object of
the search was the RCTs of drug therapy of HFpEF from
December 1993 (publication of the MDC trial [23]) to
November 2019. The following keywords were used: heart
failure, preserved ejection fraction, normal ejection fraction,
diastolic dysfunction, random®. The search field is shown in
Figure 1. The abstracts and then the full-text versions of the
publications were reviewed. One researcher retrieved the
data.

The analysis included RCTs carried out in several
centers and included patients with HFpEF (ejection
fraction >40%). Trials were excluded in which exercise-
based treatment programs were tested using beta-blockers
as comparators, and which lacked information about
medication administered, and which included patients with
HFpEF and additional criteria (e.g., hypertension, obesity,
etc.). Patients with CAD and/or history of MI were also
excluded. If a full-text English version was not available, the
publication was not analyzed.

Dataretrieved and analysis
The following data was extracted from each article: trial
title if available/first author’s name, enrollment period, num-
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ber of patients included, average age, ejection fraction as an
inclusion criterion, whether a certain level of NT-proBNP/
BNP was used as an inclusion criterion, percentage of
patients receiving beta-blockers and other drug treatments,
patients with hypertension, AF, CAD, history of MI, and
CHEF of ischemic origin. If there was no required data in the
main publication, an additional search of the trial-related
publications was performed.

The Mann—Kendall test was used to estimate the rate
trends for comorbidities and the percentage of patients
receiving a specific drug treatment based on the inclusion
years. The R statistical package was used. The results were
considered statistically significant at p <0.05.

Results
General characteristics of the trials

The search criteria were met by 718 abstracts. After
reviewing titles and abstracts of the articles, 37 trials
were selected, of which 14 publications (total number of
patients n=18 077) fully met the inclusion and exclusion
criteria and were included in the analysis (see Figure 1).

Figure 1. Flow-chart of the search
and selection of trials included in the analysis

/ Literature search
Databases: PubMed u EMBASE

Search field: ((((heart failure[ Title/Abstract]) AND (preserved
ejection fraction[ Titfe/Abstract] OR normal ejection fraction[Title/
Abstract) OR diastolic dysfunction|[Title/Abstract) OR preserved left
ventricular ejection fraction [Titfe/Abstract) OR normal left ventricular
ejection fraction[Title/Abstract) OR normal LVEF(Title/Abstract) OR
preserved LVEF| Title/Abstract] OR preserved systolic function| Titfe/
Abstract] OR normaf systolic function[ Title/Abstract] OR d iastolic
ventricular dysfunction[Title/Abstract] OR normal EF[Title/Abstract]
OR preserved EF[Title/Abstract] OR HFpEF|Title/Abstract] OR
HFnEF(Title/Abstractj)))) AND random*(Titfe/Abstract]
Limitations: unavailability of English-language full-text analysis,
publications made from December 1993 to November 2019, not reviews,
not meta-analyzes, not congress abstracts.

~

Unique publications
(n=718)
Review of titles
and abstracts
Reasons for exclusion:
n=681

« study of the efficacy of BBs;
« no english version;

) « non-HFpEF patients;

« animal study;

« non-randomized trial;

« specific population
(EIFpEPP+ any disease);

« lack of necessary data

Review
of full-text articles

n=23

Trials included
(n=14)

31



§ ORIGINAL ARTICLES

Table 1. Characteristics of trials included in the analysis

- Period Number EF for Natru.n-etlc Comparison Primary Prlma}'y
Title / first author . . of sub- . . peptides . endpoint
ofinclusion inclusion, % ) . groups endpoint
jects for inclusion result
Zietal. [24] 1997-1999 74 40 No Quinapril 6MWD Negative
vs. placebo
CHARM- Candesartan  Cardiovascular death + .
Preserved [25] B 3023 40 No vs. placebo  hospitalization for HF Negative
o Perindopril All-cause death + .
PEP-CHF [26] 2000-2003 850 40 (40-50) No ve.placebo  hospitalization for Negative
Irbesartan All-cause death +
I-PRESERVE [27] 2002-2005 4128 45* No hospitalization for Negative
vs. placebo . -
cardiovascular diseases
Correction
Oict:f:f;tdnil:nt 18-month survival
TIME-CHF [28] 2003-2006 123 45 Yes 8 without hospitalization Negative
to NT-proBNP
for HF
vs. a standard
approach
Cardiovascular death +
Yes or Spironolactone successful cardiac
TOPCAT [29] 2006-2012 3445 45 hospitalization o Negative
with LIF vs. placebo arrest resuscitation +
hospitalization for HF
Change in E/E’ and E/FE’ positive
Aldo-DHEF [30] 2007-2012 422 s0° No Spironolactone peak 02. consumption and peak QZ
vs. placebo at cardiopulmonary consumption
exercise test negative
Yes or increase Sildenafil vs Chansgenlin Eeak Ct)z
RELAX [31] 2008-2012 216 50 in LV filling ! VS consurtption a Negative
ressure placebo cardiopulmonary
P exercise test
Sacubitril/ .
PARAMOUNT [32] 2009-2011 301 45 Yes valsartan  C12P8° ‘E‘ILTS'P roBNP Positive
vs. placebo
Ivabradine Change in E/E,
EDIFY [33] 2013-2015 179 458 Yes vs. placeb 6MWD, Negative
S-placebo and NT-proBNP
Yes or echo- Isosorbide Daily activity Negative
NEAT-HFpEF [34]  2014-2015 110 S0 cardiographic ~ mononitrate vs. (accelerometer (the drug
signs of LVDD placebo measured) is inferior)
Sacubitril/ Cardiovascular
PARAGON-HF [35] 2014-2016 4,796 45* Yes valsartan death + all Negative
vs. placebo  hospitalizations for HF
Yes or echo- Inorganic C?::Sgenlln fif;ka?z
INDIE-HFpEF [36]  2016-2017 105 50 cardiographic nitrite vs. sump Negative
- cardiopulmonary
signs of LVDD placebo .
exercise test
. Neladenoson .
Shah et al. [37] 2017-2018 305 45 Yes 6MWD Negative
vs. placebo

*, EF 40% was the exclusion criterion, one of the four echocardiographic inclusion criteria was EF 40-50%, explained by the authors

by a common combination of systolic and diastolic dysfunction in HFpEF; *, EF <40% was the exclusion criterion; $, EF 50% was the initial
inclusion criterion. EF, ejection fraction; 6 MWD, 6-minute walk distance; CVD, cardiovascular disease; HF, heart failure; NT-proBNP,
N-terminal pro-brain natriuretic peptide; DD, diastolic dysfunction; LV, left ventricle; HFpEF, heart failure with preserved ejection fraction.
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The characteristics of the included trials are detailed
in Table 1. Several drugs were tested in each trial except
for TIME-CHEF. In these trials, both rigid (6 trials) and
surrogate (8 trials) endpoints were outcomes. Fewer
patients were expectedly included in the latter trials.

In earlier trials, EF 40% was used as the inclusion
criterion — this was 45-50% in subsequent trials. Moreover,
elevated NT-proBNP/BNP levels were not used as
inclusion criteria in earlier trials. In later trials (since 2003),
the elevated levels were used as either mandatory criteria
or options to specific clinical and echocardiographic
characteristics.

Characteristics of patients included in the trial

Table 2 provides the clinical and demographic charac-
teristics of the subjects of each trial. In most trials, a little more
than 50% of all subjects were female. The mean age of patients
was 67-80 years old and in most trials was not higher than 75.

Several points should be emphasized in the charac-
teristics of drug therapies. For example, although digoxin
was administered in every third patient in the earlier
RCTs, the number of patients taking digoxin in later trials
either was not indicated or did not exceed 10-15%. The
rate of angiotensin-converting enzyme (ACE) inhibitor/
angiotensin II receptor blocker use is difficult to estimate
since in the first RCTs they were the trial drugs. Thus,
patients who had already been using them were almost
not included in the trials. In later trials, the rate of their
prescription at inclusion was 54-93%. It can also be noted

that the rate of administration of mineralocorticoid receptor
antagonists increased after the TOPCAT trial was complete.

The NEAT-HFpEF and INDIE-HFpEF trials were
distinguished by the fact that patients much more rarely took
ACE inhibitors, beta-blockers, and were more likely to have
CAD. That was probably due to the fact that the trial drugs
were nitrates, and the authors sought to select a population
with the highest potential for using those agents.

The rate of beta-blocker use
and indications for their use in the trial subjects

It should be noted that not all publications mentioned
both a proposed etiological factor of CHF and the rate of
such diseases as CAD and MI; this reduced the accuracy of
subsequent analysis.

When the rate trends of beta-blocker use and patients
with CAD, MI (Figure 2) was estimated, it was found that
the percentage of patients taking beta-blockers increased
statistically significantly over time (from earlier to later
RCTs) (tau=0.51; p=0.014). The trend of the increase
continued (tau=0.43; p=0.05) even when the earliest
trial (ZI et al.), including only 14% of patients taking beta-
blockers at enrollment, was excluded [24].

The rate of CHD and MI did not change statistically
significantly (tau=-0.07; p=0.86 and tau=-0.73; p=0.06,
respectively). However, it should be noted that only 6 of the
14 trials included data about the latter. In all of them, except
for CHARM-Preserved, the rate of MI did not exceed 30%
(see Table 2).

Table 2. Clinical and demographic characteristics of patients from the trials included in the analysis

Hvoer. CHF of Ave ACE
Title / first author YP CAD MI ischemic AF DM Female 8¢ HR,bpm BB inhibitor/ MCRA Digoxin CCB
tension o . ears
origin ARB
Zietal. [24] 30 ST - - 35 15 65  78+7 14 - - 33 30
CHARM- Excl. (ACE
Preserved [25] 64 - 44 56 29 28 40 6711 7112 56 el ) 11 28 31
75 73
PEP-CHEF [26] 79 - 27 - 21 21 56 [72;79]  [66;82] 5SS Excl. 10 12 33
I-PRESERVE [27] 89 48 24 25 29 28 60 72+7 72+11 59 .EX.CI'. e 15 14 40
inhibitor 26)
TIME-CHF [28] 87 - = 35 = 41 66 807 75+13 68 86 26 14 -
ACE
TOPCAT [29] 91 59 26 - 35 32 52 69+10 68+11 78  inhibitors  Excl. - 38
65/ARB 20
Aldo-DHF [30] 92 40 - - S 17 52  67+8 65%13 72 77 Excl. - 25
69 69
RELAX [31] 85 39 - - S1 43 48 [62;,77] ~[61;78] 76 70 11 - 31
f?g,] OUNT 93 - 21 - 42 38 57 719 7013 79 93 21 -
EDIFY [33] 91 53 - - Exd. 41 65 73 7 74 87 29 - 37
[67;79] [71;79]
All data except for age and heart rate are given as percentage; empty cells — information is not available in the trial publications.
CAD, coronary artery disease; MI, myocardial infarction; CHF, chronic heart failure; AF, atrial fibrillation; DM, diabetes mellitus;
BB, beta-blocker; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker;
MCRA mineralocorticoid receptor antagonist; CCB, calcium channel blocker.
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From a statistical point of view, the percentage of patients
with hypertension and AF (Figure 3) in the RCT subjects
also did not change significantly over time (tau=0.4;
p=0.055 and tau=0.43; p=0.063, respectively). However,
there was a clear trend towards statistical significance
in both cases. At the same time, it is obvious that most of
the hypertension curve is almost parallel to that of beta-
blockers. As for AF, when the ALDO-DHF trial with a
minimal number of patients with AF was excluded from the
analysis since the primary endpoint was a change in E/F’
(which is most informative in sinus rhythm), the increase
in the rate of AF, reached statistical significance as the trials
continued (tau=0.5; p=0.042).

Discussion

Several RCTs assessed the efficacy of beta-blockers
in patients with HFpEF. The first trial was SWEDIC
which demonstrated improved diastolic function versus
placebo in the form of an increased E/A after six-month
therapy using carvedilol [38]. However, the assessment
of predictive value in the J-DHF trial did not show that
carvedilol had a significant effect on the composite endpoint,
which included cardiovascular death and unscheduled
hospitalizations for CHF. It should be noted that the ]-DHF
trial was conducted only in the Japanese population. The
achieved median dose of carvedilol was only 7.5 mg/day,
which could be insufficient to detect its positive effects. An
unplanned analysis to assess the dose-dependent effects

Figure 2. The rate trends of beta-blockers
and representation of patients with CAD and MI

QO B-Beta-blockers QO CAD MI
100%
Pfur(ren«1:0)014'
751
301 ° Peorrens=0,86
251
0 . - . . - . - - . - . .
lied | PERCHF | TORAT | RELAK | EDIY | PARAGONHF | Shhetd
CHARM TIMECHF ~ ALDO-DHF NEATHFpEF  INDIE-HFpEF
[-PRESERVE PARAMOUNT

The interruption of the MI and CAD curves is due to the

lack of information relating to their presence in the subjects
of the corresponding trials. The Y-axis is the percentage

of patients taking beta-blockers or having CAD or Ml in a
corresponding trial. The X-axis presents trials in order of time.
CAD, coronary artery disease; MI, myocardial infarction.
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of carvedilol established that patients who took more than
7.5 mg/day of carvedilol were at lower risk of experiencing
the primary endpoint than those in the placebo subgroup
(odds ratio [OR] 0.54; 95% confidence interval [CI] 0.30—
0.96; p=0.036) [39].

The efficacy of nebivolol was estimated in patients
with CHF in the SENIORS trial which found that from
a statistical point of view the drug significantly reduced
the risk of the primary endpoint, which included all-
cause death and hospitalization for cardiovascular disease
exacerbation (OR 0.86; 95% CI 0.74-0.99; p=0.039) [40].
At the same time, based on the fact that every third subject
had preserved EF (>35%), it was suggested that this data
could be extrapolated to patients with HFpEF. This was
confirmed by the results of a pre-designed subanalysis. This
analysis found that the efficacy of nebivolol was comparable
in the subgroups with reduced (<35%) and conditionally
preserved (=35%) EF (p=0.72) [41]. However, it should
be emphasized that mean EV in the preserved EF subgroup
was only 49%. According to the current classification of
CHE, this would have put most patients into the mid-range
EF subgroup [42]. These patients were more likely to be
more comparable to patients with CHF not only in terms
of clinical and demographic characteristics but also the
responses to various therapies [8, 42-45]. Prospective
randomized clinical trial ELANDD showed no increase in
the 6 -minute walk distance after six-month therapy with
nebivolol in patients with HFpEF (EF >45%) [46].

Figure 3. The rate trends of beta-blockers
and the percentage of patients with hypertension and AF

100-% O B-Beta-blockers (O AF  Q Hypertension Poreni=0,055
% ortren

751 fu: llend:07014

l)\* wm~d:01063
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NEATHREF  INDIEHRGEF
PARAMOUNT

| opcar | e
TMECHF  ALDODHF
PRESERVE

0 —
Titd | PEDCHF
CHARM

The interruption of the AF curve is due to the absence

of information on its presence in subjects of the TIME-CHF
trial and the exclusion of patients with AF from the EDIFY trial.
The Y-axis is the percentage of patients taking beta-blockers

or having CAD or Ml in a corresponding trial. The X-axis
presents trials in order of time. AF, atrial fibrillation.

ISSN 0022-9040. Kardiologiia. 2020;60(6). DOI: 10.18087/cardio.2020.6.n1062



1 TabneTka 2 pa3a B CyTKU

UBabpaaguH
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Thus, RCTs carried out at different times did not demon-
strate any evidence supporting the use of beta-blockers in
patients with HFpEF. However, when we analyzed the rates
of administration of beta-blockers in patients with HFpEF
with the inclusion in RCTs (1997-2018), we found that it
increased to 75-80% in the most recent trials.

This trend could be due, inter alia, to an increase in
the rates of such factors of HFpEF as hypertension, AF,
CAD, MI which serve as an independent indication for
the administration of beta-blockers. For this reason, we
evaluated the rate trends of these diseases in the selected
trials. However, it should be noted that there was a
limitation related to the fact that some of those trials lacked
information about the presence of CAD, MI, and AF. Thus,
it was difficult to judge the validity of our findings. Given
the general trends in the understanding of origin and
pathogenesis of HFpEF [47], it can be assumed that the
rate of CAD and MI in subjects of the RCTs at least did
not increase, whereas there was a certain trend towards a
decrease in the rate of MI. This is important since it is MI,
especially within a year after the accident, which serves
an indication for the administration of beta-blockers to
improve the prognosis [4-6]. Thus, the most reasonable
indication for the use of beta-blockers (i.e., history of MI)
is hardly sufficient to explain the increased rate of their
administration by the RCT subjects.

According to our findings, the rate of hypertension and
AF in the RCT subjects are most likely to increase. The
analysis did not provide a clear explanation of the causal
relationship between this trend and the increased rate of
beta-blocker use, since it did not take into account the
individual characteristics of patients. However, the parallel
curves of the rate trends for beta-blockers and the presence
of hypertension indicate that this relationship is possible
and that hypertension could often be the reason for the
administration of beta-blockers. The latter allows for a
cautious suggestion that the increased rate of hypertension
in the subjects could explain the increased rate of beta-
blocker use. This is also important since, as mentioned
above, beta-blockers are recommended in hypertension
only in specific clinical situations (AF, CAD, MI) [15-17].
The recommendations were provided mainly after the meta-
analysis published by Bangalore et al. in 2008 showing that
a decrease in the heart rate during the use of beta-blockers
in patients with hypertension increased the risk of adverse
cardiovascular events [48]. The increased risk is most
often explained from a pathophysiological point of view
by an insufficient decrease or even an increase in central
BP when beta-blockers are used [18, 49, 50]. However,
despite considerable discussions of this phenomenon, the
rate of beta-blocker use in the RCTs analyzed appeared to
be highest after 2008. Therefore, it is relevant to assess the
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changes in the percentage of patients with AF, since there
are no signs of an increase in the percentage of patients with
CAD and MI in the HFpEF trials. During the trial period,
the number of such patients, as well as the percentage of
patients with hypertension, was most likely to show a trend
towards an increase. From a statistical point of view, this
became significant when the ALDO-DHF trial (with the
selection at inclusion based on AF) was excluded from the
analysis.

At the same time, if we consider AF as the basis for
using beta-blockers in patients with HFpEF in our analysis,
we should pay attention to the EDIFY trial from which
patients with AF were excluded, and a heart rate of more
than 70 bpm was an inclusion criterion. Even in that case,
the rate of beta-blocker use was relatively high (74%) and
comparable to that in other trials conducted in this period.
Moreover, the rate of AF in later trials did not exceed 35-
45%, while almost 80% of subjects took beta-blockers. Thus,
we suggest that the contribution of the increased rate of AF
to an increase in the rate of beta-blocker use in the HFpEF
trials could hardly be considered critical.

In the context of the relevance of using beta-blockers to
control the ventricular rate in AF and HFpEEF, there is as yet
no evidence of the predictive efficacy of beta-blockers in
AF. Moreover, the presence of AF in patients with HFrEF
undermines the positive effects of beta-blockers [43, 51,
52]. Ulimoen et al. have demonstrated that metoprolol or
carvedilol reduced exercise tolerance and increased the N'T-
proBNP levels in patients with permanent AF and no CHF,
while diltiazem or verapamil, on the contrary, increased
exercise tolerance and decreased the NT-proBNP levels
[53]. Therefore, the control of the ventricular rate with
beta-blockers is likely not to be the best tool in the case of
preserved EF.

Finally, another reason for the increased rate of beta-
blocker use due to the time of RCTs may be a better
awareness of the corresponding evidence obtained for
HFrEF at the turn of the centuries [54]. These were
extrapolated to populations with preserved EF and
partially confirmed by the current guidelines. The rate
of beta-blocker use in patients with HFpEF and HFrEF
was often almost comparable and varied by no more than
10-15% in various registers [7-9]. This approach seems to
be not entirely justified and may even be unsafe [S0, 55].
For example, in addition to the absence of data that beta-
blockers are able to improve the prognosis of life in patients
with HFpEEF, there is also a need to stress the results of
several retrospective analyzes, according to which the use
of these drugs in patients with HFpEF may increase the
number of hospitalizations for CHF [20-22]. For example,
in the most recent TOPCAT trial using the fit index paired
design, the use of beta-blockers in patients with EF >50%
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increased the risk of hospitalization for CHF by 74% (OR
1.74, 95% CI 1.28-2.37). It should be noted that prior to
comparingpatients based on various characteristics, the
rates of AF in subgroups of patients taking and not taking
beta-blockers were almost the same, 42.6 and 40.7%,
respectively [22]. It also implicitly confirms our suggestion
that AF has no significant influence on the increasing rate of
beta-blocker use in patients with HFpEF.

The reasons for the lack of efficacy and perhaps partially
the safety of beta-blockers in HFpEF are unclear. The effects
of beta-blockers are known to be inversely associated with
the heart rate in HFrEF [56]. Elevated levels ofe heart rate
(>70 bpm) are common in patients with both HFrEF and
HFpEF. However, in the latter case, the association between
an increase in the heart rate and risk of adverse outcomes
was not identified in all trials [S7]. Otherwise, the lower
heart rate appeared to be associated with better outcomes,
regardless of beta-blocker use [58-60]. This poses the
question whether a decrease in the heart rate is a more
important target than the use of beta-blockers.

In connection with using of a decrease in the heart
rate as a tool to improve the course of HFpEF, the EDIFY
trial should be mentioned. In this the isolated decrease
in the heart rate by 13 ( - 18; — 6) bpm during the use of
ivabradine with the baseline level of 75 (72-78) bpm did
not improve echocardiographic (E/E’), clinical (6-minute
walk distance), and laboratory (NT-proBNP) values in
patients with HFrEF. Moreover, a decrease in the heart
rate appears to have some adverse hemodynamic effects in
HFpEF; mainly when beta-blockers are used. For example,
a possible increase after stres, associated with the increased
pressure in the aorta, was discussed. Besides, the increased
duration of diastole with limited relaxation capacity of the
left ventricle accompanying the decrease in the heart rate
leads to an increase in the end-diastolic pressure in the left
ventricle (which explains the increased NT-proBNP levels
during the use of beta-blockers in patients with HFpEF
(38, 46, 61]). This causes difficulties in its filling and may
eventually be accompanied by a decrease in stroke volume
and, thus, cardiac index [50, 55]. One of the main factors
limiting the functional reserve of patients with HFpEF is a
failure to increase stroke volume and cardiac index under
stress. This is obviously aggravated when drugs slowing
down the heart rate are used [62]. Thus, we acknowledge
that a high heart rate in HFpEF is an adverse factor.
However, it is unclear what level of the heart rate is subject
to pharmacological correction. The use of beta-blockers for
this purpose may not be reasonable.

Despite the lack of convincing evidence of clinical
predictive efficacy and safety of beta-blockers in HFpEF,
the rate of their use in the patient population at inclusion
in randomized clinical trials has increased over the past 20
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years. Our analysis showed that this phenomenon is likely
to be explained by a cumulative effect: a more significant
number of patients with formal indications for beta-
blockers (mainly AF and hypertension) on the one hand,
and the extrapolation of the RCT findings on the use of beta-
blockers in patients with HFrEF to the treatment of patients
with preserved EF on the other. Of particular concern
are the similar trends in the use of beta-blockers and the
increase in the percentage of patients with hypertension, in
which beta-blockers have less prognostic efficacy than other
hypotensive agents. This indirectly indicates the presence
of therapeutic inertness and may partly explain the failure
of RCTs in HFpEF.

Thus, planned and current RCTs assessing the effects
of beta-blocker withdrawal in patients with HFpEF are of
interest [63, 64]. For example, the preliminary results of one
of the trials showed that the withdrawal of beta-blockers is
accompanied by a decrease in NT-proBNP in patients with
HEpEE [64].

Study limitations

The results of our analysis do not reflect real-world
clinical practice since it included the subjects of RCTs. This
was due to our desire to assess the rate of beta-blocker use in
patients with HFpEF over time by the critical stages of the
evolution of knowledge of this disease. In some trials, the
years of patient inclusion coincided, making it difficult to
arrange them in order of time.

Moreover, given the nature of the data analyzed, we did
not have the opportunity to determine the reason for the
use of beta-blockers in each individual case. In most of the
trials analyzed, a history of low EF was not an exclusion
criterion, meaning that it could also be a reason for the use
of beta-blockers in some patients. It is also not inconceivable
that beta-blockers could be administered not for CVDs
(migraine, etc.).

Next, as was stated earlier, some trials lacked data on
the rate of analyzed diseases (AF, CAD, MI) reducing the
accuracy of findings.

Finally, the judgments about the contribution of
projecting the results of HFrEF randomized clinical trials
onto the real-world treatment of patients with HFpEF
are based only on the absence of a statistically significant
association between the trends studied and are purely
evaluative (assumption).

Conclusion

The rate of beta-blocker use in the patient population
at inclusion in randomized clinical trials due to chronic
heart failure and preserved ejection fraction statistically
significantly has increased over the past 20 years. In contrast,
the rate of formal causes for their administration (atrial
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fibrillation, hypertension, myocardial infarction, coronary

artery disease) has not significantly changed. At the same

time, there has been a trend towards including more patients

with hypertension and atrial fibrillation in these trials.

However, the rate of patients with myocardial infarction, the

—

10.

11.
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only listed disease in which beta-blockers are administered

to improve prognosis, was likely to decrease.
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