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Aim 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 
heart failure with preserved ejection fraction (CHF-PEF).

Material and methods A systematic literature search was performed in the PubMed and EMBASE databases. The study 
included RCSs of pharmacological therapies for patients with CHF-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 
enrollment to the study were analyzed with the Mann-Kendall test.

Results 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>0.05 for all). However, while for AH and AF, a tendency toward an increasing 
prevalence (tau=0.4; p=0.055 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; 
p=0.042), the MI prevalence tended to decrease (tau= –0.73; p=0.06).

Conclusion 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, 
MI, IHD) did not significantly change.
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Beta-blockers are the main group of drugs 
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].

However, beta-blockers are relatively commonly 
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 
HFpEF.

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.

Data retrieved and analysis
The following data was extracted from each article: trial 

title if available/first author’s name, enrollment period, num-

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 
CHF 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).

Literature search
Databases: PubMed и EMBASE
Search �eld: ((((heart failure[Тitle/Abstract]) AND (preserved 
ejection fraction[Titfe/Abstract] OR normal ejection fraction[Тitle/ 
Abstract) OR diastolic dysfunction[Тitle/Abstract) OR preserved le� 
ventricular ejection fraction[Titfe/Abstract) OR normal le� ventricular 
ejection fraction[Title/Abstract) OR normal LVEF(Тitle/Abstract) OR 
preserved LVEF[Тitle/Abstract] OR preserved systolic function[Тitfe/ 
Abstract] OR normaf systolic function[Title/Abstract] OR d iastolic 
ventricular dysfunction[Title/Abstract] OR normal EF[Тitle/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

Trials included
(n=14)

Review 
of full-text articles

Reasons for exclusion:
• study of the e�cacy of BBs;
• no english version;
• non-HFpEF patients;
• animal study;
• non-randomized trial;
• speci�c population 
   (HFpEF + any disease);
• lack of necessary data

n=681

n=23

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

Title / first author Period 
of inclusion

Number 
of sub-

jects

EF  for  
inclusion, %

Natriuretic 
peptides 

for inclusion

Comparison 
groups

Primary  
endpoint

Primary  
endpoint  

result

Zi et al. [24] 1997–1999 74 40 No Quinapril 
vs. placebo 6MWD Negative

CHARM- 
Preserved [25] 1999–2000 3023 40 No Candesartan 

vs. placebo
Cardiovascular death + 
hospitalization for HF Negative

PEP-CHF [26] 2000–2003 850 40 (40–50)* No Perindopril 
vs. placebo

All-cause death + 
hospitalization for HF Negative

I-PRESERVE [27] 2002–2005 4128 45# No Irbesartan 
vs. placebo

All-cause death + 
hospitalization for 

cardiovascular diseases
Negative

TIME-CHF [28] 2003–2006 123 45 Yes

Correction 
of treatment 

according 
to NT-proBNP 
vs. a standard 

approach

18-month survival 
without hospitalization 

for HF
Negative

TOPCAT [29] 2006–2012 3445 45
Yes or 

hospitalization 
with HF

Spironolactone 
vs. placebo

Cardiovascular death + 
successful cardiac 

arrest resuscitation + 
hospitalization for HF

Negative

Aldo-DHF [30] 2007–2012 422 50# No Spironolactone 
vs. placebo

Change in E/E’ and 
peak O2 consumption 
at cardiopulmonary 

exercise test

E/E’ positive 
and peak O2 

consumption 
negative

RELAX [31] 2008–2012 216 50
Yes or increase  

in LV filling 
pressure

Sildenafil vs. 
placebo

Change in peak O2 
consumption at 

cardiopulmonary 
exercise test

Negative

PARAMOUNT [32] 2009–2011 301 45 Yes
Sacubitril/
valsartan  

vs. placebo

Change in NT-proBNP 
levels Positive

EDIFY [33] 2013–2015 179 45§ Yes Ivabradine  
vs. placebo

Change in E/E’,  
6MWD,  

and NT-proBNP
Negative

NEAT-HFpEF [34] 2014–2015 110 50
Yes or echo- 

cardiographic  
signs of LVDD

Isosorbide 
mononitrate vs. 

placebo

Daily activity 
(accelerometer 

measured)

Negative  
(the drug 

is inferior)

PARAGON-HF [35] 2014–2016 4,796 45# Yes
Sacubitril/
valsartan 

vs. placebo

Cardiovascular  
death + all 

hospitalizations for HF
Negative

INDIE-HFpEF [36] 2016–2017 105 50
Yes or echo-

cardiographic  
signs of LVDD

Inorganic  
nitrite vs. 
placebo

Change in peak O2 
consumption at 

cardiopulmonary 
exercise test

Negative

Shah et al. [37] 2017–2018 305 45# Yes Neladenoson 
vs. placebo 6MWD Negative

*, 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; 6MWD, 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-CHF. 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

Title / first author Hyper- 
tension CAD MI

CHF of 
ischemic 

origin
AF DM Female Age, 

years HR, bpm BB
ACE 

inhibitor / 
ARB

MCRA Digoxin CCB

Zi et al. [24] 30 57 – – 35 15 65 78 ± 7 14 – – 33 30
CHARM- 
Preserved [25] 64 – 44 56 29 28 40 67 ± 11 71 ± 12 56 Excl. (ACE 

inhibitor 19) 11 28 31

PEP-CHF [26] 79 – 27 – 21 21 56 75  
[72; 79]

73  
[66; 82] 55 Excl. 10 12 33

I-PRESERVE [27] 89 48 24 25 29 28 60 72 ± 7 72 ± 11 59 Excl. (ACE 
inhibitor 26) 15 14 40

TIME-CHF [28] 87 – – 35 – 41 66 80 ± 7 75 ± 13 68 86 26 14 –

TOPCAT [29] 91 59 26 – 35 32 52 69 ± 10 68 ± 11 78
ACE 

inhibitors 
65/ARB 20

Excl. – 38

Aldo-DHF [30] 92 40 – – 5 17 52 67 ± 8 65 ± 13 72 77 Excl. – 25

RELAX [31] 85 39 – – 51 43 48 69  
[62; 77]

69  
[61; 78] 76 70 11 – 31

PARAMOUNT 
[32] 93 – 21 – 42 38 57 71 ± 9 70 ± 13 79 93 21 –

EDIFY [33] 91 53 – – Excl. 41 65 73  
[67; 79]

75  
[71; 79] 74 87 29 – 37

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/E’ 
(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 J-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 

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 
CHF, 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].

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 MI in a corresponding trial. The X-axis 
presents trials in order of time. AF, atrial fibrillation.

Pfor trend=0,014

Pfor trend=0,055

Pfor trend=0,063

CHARM
PEP-CHF

TIME-CHF
TOPCAT

ALDO-DHF
RELAX

PA�MOUNT

PA�GON-HF
NEAT-HFpEF

EDIFY

I-PRESERVE

Zi et al Shah et al

100

75

50

25

0

%

INDIE-HFpEF

β-Beta-blockers AF Hypertension

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

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 MI in a 
corresponding trial. The X-axis presents trials in order of time. 
CAD, coronary artery disease; MI, myocardial infarction.

Pfor trend=0,014
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Figure 2. The rate trends of beta-blockers 
and representation of patients with CAD and MI
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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 

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 HFpEF, 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 NT-
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 [50, 55]. 
For example, in addition to the absence of data that beta-
blockers are able to improve the prognosis of life in patients 
with HFpEF, 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 [57]. 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 

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 
HFpEF [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 

only listed disease in which beta-blockers are administered 
to improve prognosis, was likely to decrease.

No conflict of interest is reported.

The article was received on 12/02/20

REFERENCES

1. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS 
et al. 2016 ESC Guidelines for the diagnosis and treatment of acute 
and chronic heart failure: The Task Force for the diagnosis and treat-
ment of acute and chronic heart failure of the European Society of Car-
diology (ESC) Developed with the special contribution of the Heart 
Failure Association (HFA) of the ESC. European Heart Journal. 
2016;37(27):2129–200. DOI: 10.1093/eurheartj/ehw128

2. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE, Drazner MH 
et al. 2013 ACCF/AHA Guideline for the Management of Heart Fail-
ure: Executive Summary: A Report of the American College of Cardio-
logy Foundation/American Heart Association Task Force on Prac-
tice Guidelines. Circulation. 2013;128(16):1810–52. DOI: 10.1161/
CIR.0b013e31829e8807

3. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE, Colvin MM 
et al. 2017 ACC/AHA/HFSA Focused Update of the 2013 AC-
CF/AHA Guideline for the Management of Heart Failure: A Report 
of the American College of Cardiology/American Heart Association 
Task Force on Clinical Practice Guidelines and the Heart Failure So-
ciety of America. Circulation. 2017;136(6):e137–61. DOI: 10.1161/
CIR.0000000000000509

4. Sorbets E, Steg PG, Young R, Danchin N, Greenlaw N, Ford I et al. 
β-blockers, calcium antagonists, and mortality in stable coronary ar-
tery disease: an international cohort study. European Heart Journal. 
2019;40(18):1399–407. DOI: 10.1093/eurheartj/ehy811

5. Hong J, Barry AR. Long-Term Beta-Blocker Therapy after Myocardi-
al Infarction in the Reperfusion Era: A Systematic Review. Pharma-
cotherapy: The Journal of Human Pharmacology and Drug Therapy. 
2018;38(5):546–54. DOI: 10.1002/phar.2110

6. Puymirat E, Riant E, Aissoui N, Soria A, Ducrocq G, Coste P et al. 
β blockers and mortality after myocardial infarction in patients 
without heart failure: multicentre prospective cohort study. BMJ. 
2016;354:i4801. DOI: 10.1136/bmj.i4801

7. Shah KS, Xu H, Matsouaka RA, Bhatt DL, Heidenreich PA, Hernan-
dez AF et al. Heart Failure With Preserved, Borderline, and Reduced 
Ejection Fraction. Journal of the American College of Cardiology. 
2017;70(20):2476–86. DOI: 10.1016/j.jacc.2017.08.074

8. Koh AS, Tay WT, Teng THK, Vedin O, Benson L, Dahlstrom U et al. 
A comprehensive population-based characterization of heart failure 
with mid-range ejection fraction: Characteristics and outcomes in HFm-
rEF. European Journal of Heart Failure. 2017;19(12):1624–34. DOI: 
10.1002/ejhf.945

9. Maggioni AP, Anker SD, Dahlström U, Filippatos G, Ponikowski P, Zan-
nad F et al. Are hospitalized or ambulatory patients with heart failure 
treated in accordance with European Society of Cardiology guidelines? 
Evidence from 12 440 patients of the ESC Heart Failure Long-Term 
Registry. European Journal of Heart Failure. 2013;15(10):1173–84. 
DOI: 10.1093/eurjhf/hft134

10. Garganeeva A.A., Kuzheleva E.A., Kuzmichkina M.A., Ryabov V.V., 
Mareev Yu.V., Mareev V.Yu. Characteristics and treatment of patients with 
heart failure admitted to a cardiology department in 2002 and 2016. Kardio-
logiia. 2018;58(12S):18–26. [Russian: Гарганеева А.А., Кужелева Е.А., 
Кузьмичкина М.А., Рябов В.В., Мареев Ю.В., Мареев В.Ю. Изменения 
характеристик и лечения больных с хронической сердечной недостаточ-
ностью, поступивших в кардиологический стационар в 2002 и 2016 го-
дах. Кардиология. 2018;58(12S):18-26]. DOI: 10.18087/cardio.2605

11. Pieske B, Tschöpe C, de Boer RA, Fraser AG, Anker SD, Donal E et al. 
How to diagnose heart failure with preserved ejection fraction: the HFA-
PEFF diagnostic algorithm: a consensus recommendation from 
the Heart Failure Association (HFA) of the European Society of Cardi-

ology (ESC). European Heart Journal. 2019;40(40):3297–317. DOI: 
10.1093/eurheartj/ehz641

12. Dougherty AH, Naccarelli GV, Gray EL, Hicks CH, Goldstein RA. 
Congestive heart failure with normal systolic function. The Ameri-
can Journal of Cardiology. 1984;54(7):778–82. DOI: 10.1016/S0002-
9149(84)80207-6

13. Ibrahim NE, Song Y, Cannon CP, Doros G, Russo P, Ponirakis A 
et al. Heart failure with mid‐range ejection fraction: characteriza-
tion of patients from the PINNACLE Registry®. ESC Heart Failure. 
2019;6(4):784–92. DOI: 10.1002/ehf2.12455

14. Samson R, Jaiswal A, Ennezat PV, Cassidy M, Le Jemtel TH. Clinical 
Phenotypes in Heart Failure with Preserved Ejection Fraction. Journal 
of the American Heart Association. 2016;5(1):e002477. DOI: 10.1161/
JAHA.115.002477

15. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burni-
er M et al. 2018 ESC/ESH Guidelines for the management of arterial 
hypertension. European Heart Journal. 2018;39(33):3021–104. DOI: 
10.1093/eurheartj/ehy339

16. Whelton PK, Carey RM, Aronow WS, Casey DE, Collins KJ, Denni-
son Himmelfarb C et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/
APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention, De-
tection, Evaluation, and Management of High Blood Pressure in Adults. 
Journal of the American College of Cardiology. 2018;71(19):e127–248. 
DOI: 10.1016/j.jacc.2017.11.006

17. NICE. Hypertension in adults: diagnosis and management. NICE 
guideline [NG136]. [Internet] Available at: https://www.nice.org.uk/
guidance/ng136

18. Williams B, Lacy PS, Thom SM, Cruickshank K, Stanton A, Collier D et al. 
Differential Impact of Blood Pressure–Lowering Drugs on Central Aortic 
Pressure and Clinical Outcomes: Principal Results of the Conduit Artery 
Function Evaluation (CAFE) Study. Circulation. 2006;113(9):1213–25. 
DOI: 10.1161/CIRCULATIONAHA.105.595496

19. Chirinos JA. Deep Phenotyping of Systemic Arterial Hemodynamics in 
HFpEF (Part 2): Clinical and Therapeutic Considerations. Journal of Car-
diovascular Translational Research. 2017;10(3):261–74. DOI: 10.1007/
s12265-017-9736-2

20. Patel K, Fonarow GC, Ekundayo OJ, Aban IB, Kilgore ML, Love TE et al. 
Beta-blockers in older patients with heart failure and preserved ejection 
fraction: Class, dosage, and outcomes. International Journal of Cardiology. 
2014;173(3):393–401. DOI: 10.1016/j.ijcard.2014.03.005

21. Tsujimoto T, Kajio H. Beta-blocker use and cardiovascular event risk in pa-
tients with heart failure with preserved ejection fraction. Scientific Reports. 
2018;8(1):9556. DOI: 10.1038/s41598-018-27799-y

22. Silverman DN, Plante TB, Infeld M, Callas PW, Juraschek SP, Dough-
erty GB et al. Association of β-Blocker Use With Heart Failure Hospi-
talizations and Cardiovascular Disease Mortality Among Patients With 
Heart Failure With a Preserved Ejection Fraction: A Secondary Analy-
sis of the TOPCAT Trial. JAMA Network Open. 2019;2(12):e1916598. 
DOI: 10.1001/jamanetworkopen.2019.16598

23. Waagstein F, Hjalmarson A, Swedberg K, Bristow MR, Gilbert EM, Cam-
erini F et al. Beneficial effects of metoprolol in idiopathic dilated cardio-
myopathy. The Lancet. 1993;342(8885):1441–6. DOI: 10.1016/0140-
6736(93)92930-R

24. Zi M, Carmichael N, Lye M. The effect of quinapril on functional  
status of elderly patients with diastolic heart failure. Cardiovascular  
Drugs and Therapy. 2003;17(2):133–9. DOI: 
10.1023/A:1025387702212

25. Yusuf S, Pfeffer MA, Swedberg K, Granger CB, Held P, McMurray JJ et al. 
Effects of candesartan in patients with chronic heart failure and preserved 



39ISSN 0022-9040. Kardiologiia. 2020;60(6). DOI: 10.18087/cardio.2020.6.n1062

ORIGINAL ARTICLES§
left-ventricular ejection fraction: the CHARM-Preserved Trial. The Lancet. 
2003;362(9386):777–81. DOI: 10.1016/S0140-6736(03)14285-7

26. Cleland JGF, Tendera M, Adamus J, Freemantle N, Polonski L, Taylor J 
et al. The perindopril in elderly people with chronic heart failure (PEP-
CHF) study. European Heart Journal. 2006;27(19):2338–45. DOI: 
10.1093/eurheartj/ehl250

27. Massie BM, Carson PE, McMurray JJ, Komajda M, McKelvie R, Zile 
MR et al. Irbesartan in Patients with Heart Failure and Preserved Ejec-
tion Fraction. New England Journal of Medicine. 2008;359(23):2456–
67. DOI: 10.1056/NEJMoa0805450

28. Maeder MT, Rickenbacher P, Rickli H, Abbühl H, Gutmann M, Erne P 
et al. N-terminal pro brain natriuretic peptide-guided management in pa-
tients with heart failure and preserved ejection fraction: findings from 
the Trial of Intensified versus standard Medical therapy in Elderly pa-
tients with Congestive Heart Failure (TIME-CHF). European Journal 
of Heart Failure. 2013;15(10):1148–56. DOI: 10.1093/eurjhf/hft076

29. Pitt B, Pfeffer MA, Assmann SF, Boineau R, Anand IS, Claggett B et al. 
Spironolactone for Heart Failure with Preserved Ejection Fraction. New 
England Journal of Medicine. 2014;370(15):1383–92. DOI: 10.1056/
NEJMoa1313731

30. Edelmann F, Wachter R, Schmidt AG, Kraigher-Krainer E, Colanto-
nio C, Kamke W et al. Effect of Spironolactone on Diastolic Function 
and Exercise Capacity in Patients With Heart Failure With Preserved 
Ejection Fraction: The Aldo-DHF Randomized Controlled Trial. JAMA. 
2013;309(8):781–91. DOI: 10.1001/jama.2013.905

31. Redfield MM, Chen HH, Borlaug BA, Semigran MJ, Lee KL, Lewis G et al. 
Effect of phosphodiesterase-5 inhibition on exercise capacity and clinical 
status in heart failure with preserved ejection fraction: a randomized clini-
cal trial. JAMA. 2013;309(12):1268–77. DOI: 10.1001/jama.2013.2024

32. Solomon SD, Zile M, Pieske B, Voors A, Shah A, Kraigher-Krainer E 
et al. The angiotensin receptor neprilysin inhibitor LCZ696 in heart fail-
ure with preserved ejection fraction: a phase 2 double-blind randomised 
controlled trial. The Lancet. 2012;380(9851):1387–95. DOI: 10.1016/
S0140-6736(12)61227-6

33. Komajda M, Isnard R, Cohen-Solal A, Metra M, Pieske B, Poni-
kowski P et al. Effect of ivabradine in patients with heart failure with 
preserved ejection fraction: the EDIFY randomized placebo-con-
trolled trial: Ivabradine in HFpEF. European Journal of Heart Failure. 
2017;19(11):1495–503. DOI: 10.1002/ejhf.876

34. Redfield MM, Anstrom KJ, Levine JA, Koepp GA, Borlaug BA, Chen 
HH et al. Isosorbide Mononitrate in Heart Failure with Preserved Ejec-
tion Fraction. New England Journal of Medicine. 2015;373(24):2314–
24. DOI: 10.1056/NEJMoa1510774

35. Solomon SD, McMurray JJV, Anand IS, Ge J, Lam CSP, Maggio-
ni AP et al. Angiotensin–Neprilysin Inhibition in Heart Failure 
with Preserved Ejection Fraction. New England Journal of Medicine. 
2019;381(17):1609–20. DOI: 10.1056/NEJMoa1908655

36. Borlaug BA, Anstrom KJ, Lewis GD, Shah SJ, Levine JA, Koepp GA et al. 
Effect of Inorganic Nitrite vs Placebo on Exercise Capacity Among Pa-
tients With Heart Failure With Preserved Ejection Fraction: The INDIE-
HFpEF Randomized Clinical Trial. JAMA. 2018;320(17):1764–73. 
DOI: 10.1001/jama.2018.14852

37. Shah SJ, Voors AA, McMurray JJV, Kitzman DW, Viethen T, Bomfim 
Wirtz A et al. Effect of Neladenoson Bialanate on Exercise Capacity 
Among Patients With Heart Failure With Preserved Ejection Fraction: 
A Randomized Clinical Trial. JAMA. 2019;321(21):2101–12. DOI: 
10.1001/jama.2019.6717

38. Bergström A, Andersson B, Edner M, Nylander E, Persson H, Dahl-
ström U. Effect of carvedilol on diastolic function in patients 
with diastolic heart failure and preserved systolic function. Results 
of the Swedish Doppler-echocardiographic study (SWEDIC). Euro-
pean Journal of Heart Failure. 2004;6(4):453–61. DOI: 10.1016/j.ej-
heart.2004.02.003

39. Yamamoto K, Origasa H, Hori M, on behalf of the J-DHF Investigators. 
Effects of carvedilol on heart failure with preserved ejection fraction: 
the Japanese Diastolic Heart Failure Study ( J-DHF). European Journal 
of Heart Failure. 2013;15(1):110–8. DOI: 10.1093/eurjhf/hfs141

40. Flather MD, Shibata MC, Coats AJS, Van Veldhuisen DJ, Parkho-
menko A, Borbola J et al. Randomized trial to determine the effect 

of nebivolol on mortality and cardiovascular hospital admission in el-
derly patients with heart failure (SENIORS). European Heart Journal. 
2005;26(3):215–25. DOI: 10.1093/eurheartj/ehi115

41. van Veldhuisen DJ, Cohen-Solal A, Böhm M, Anker SD, Babalis D, 
Roughton M et al. Beta-Blockade With Nebivolol in Elderly Heart Fail-
ure Patients With Impaired and Preserved Left Ventricular Ejection Frac-
tion. Data From SENIORS (Study of Effects of Nebivolol Interven-
tion on Outcomes and Rehospitalization in Seniors With Heart Failure). 
Journal of the American College of Cardiology. 2009;53(23):2150–8. 
DOI: 10.1016/j.jacc.2009.02.046

42. Lund LH, Claggett B, Liu J, Lam CS, Jhund PS, Rosano GM et al. Heart 
failure with mid-range ejection fraction in CHARM: characteristics, out-
comes and effect of candesartan across the entire ejection fraction spec-
trum. European Journal of Heart Failure. 2018;20(8):1230–9. DOI: 
10.1002/ejhf.1149

43. Cleland JGF, Bunting KV, Flather MD, Altman DG, Holmes J, Coats AJS 
et al. Beta-blockers for heart failure with reduced, mid-range, and pre-
served ejection fraction: an individual patient-level analysis of double-
blind randomized trials. European Heart Journal. 2018;39(1):26–35. 
DOI: 10.1093/eurheartj/ehx564

44. Solomon SD, Claggett B, Lewis EF, Desai A, Anand I, Sweitzer NK et al. 
Influence of ejection fraction on outcomes and efficacy of spironolactone 
in patients with heart failure with preserved ejection fraction. European 
Heart Journal. 2016;37(5):455–62. DOI: 10.1093/eurheartj/ehv464

45. Solomon SD, Vaduganathan M, L. Claggett B, Packer M, Zile M, Swed-
berg K et al. Sacubitril/Valsartan Across the Spectrum of Ejection Frac-
tion in Heart Failure. Circulation. 2020;141(5):352–61. DOI: 10.1161/
CIRCULATIONAHA.119.044586

46. Conraads VM, Metra M, Kamp O, De Keulenaer GW, Pieske B, Zamo-
rano J et al. Effects of the long-term administration of nebivolol 
on the clinical symptoms, exercise capacity, and left ventricular function 
of patients with diastolic dysfunction: results of the ELANDD study. 
European Journal of Heart Failure. 2012;14(2):219–25. DOI: 10.1093/
eurjhf/hfr161

47. Borlaug BA. Heart failure with preserved and reduced ejection frac-
tion: different risk profiles for different diseases. European Heart Journal. 
2013;34(19):1393–5. DOI: 10.1093/eurheartj/eht117

48. Bangalore S, Sawhney S, Messerli FH. Relation of Beta-Blocker–Induced 
Heart Rate Lowering and Cardioprotection in Hypertension. Journal 
of the American College of Cardiology. 2008;52(18):1482–9. DOI: 
10.1016/j.jacc.2008.06.048

49. Messerli FH, Rimoldi SF, Bangalore S, Bavishi C, Laurent S. When 
an Increase in Central Systolic Pressure Overrides the Benefits of Heart 
Rate Lowering. Journal of the American College of Cardiology. 
2016;68(7):754–62. DOI: 10.1016/j.jacc.2016.03.610

50. Meyer M, Rambod M, LeWinter M. Pharmacological heart rate lowering 
in patients with a preserved ejection fraction – review of a failing concept. 
Heart Failure Reviews. 2018;23(4):499–506. DOI: 10.1007/s10741-
017-9660-1

51. Kotecha D, Holmes J, Krum H, Altman DG, Manzano L, Cleland JGF 
et al. Efficacy of β blockers in patients with heart failure plus atri-
al fibrillation: an individual-patient data meta-analysis. The Lancet. 
2014;384(9961):2235–43. DOI: 10.1016/S0140-6736(14)61373-8

52. Rienstra M, Damman K, Mulder BA, Van Gelder IC, McMurray JJV, Van 
Veldhuisen DJ. Beta-Blockers and Outcome in Heart Failure and Atri-
al Fibrillation. JACC: Heart Failure. 2013;1(1):21–8. DOI: 10.1016/j.
jchf.2012.09.002

53. Ulimoen SR, Enger S, Pripp AH, Abdelnoor M, Arnesen H, Gjesdal K 
et al. Calcium channel blockers improve exercise capacity and reduce N-
terminal Pro-B-type natriuretic peptide levels compared with beta-block-
ers in patients with permanent atrial fibrillation. European Heart Journal. 
2014;35(8):517–24. DOI: 10.1093/eurheartj/eht429

54. Pandey A, Golwala H, DeVore AD, Lu D, Madden G, Bhatt DL et al. 
Trends in the Use of Guideline-Directed Therapies Among Dialysis Pa-
tients Hospitalized With Systolic Heart Failure. JACC: Heart Failure. 
2016;4(8):649–61. DOI: 10.1016/j.jchf.2016.03.002

55. Meyer M, LeWinter MM. Heart Rate and Heart Failure With Preserved 
Ejection Fraction: Time to Slow β-Blocker Use? Circulation: Heart Failure. 
2019;12(8):e006213. DOI: 10.1161/CIRCHEARTFAILURE.119.006213



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

ORIGINAL ARTICLES§
56. McAlister FA. Meta-analysis: β-blocker dose, heart rate reduction, 

and death in patients with heart failure. Annals of Internal Medi-
cine. 2009;150(11):784–94. DOI: 10.7326/0003-4819-150-11-
200906020-00006

57. Maeder MT, Kaye DM. Differential impact of heart rate and blood pres-
sure on outcome in patients with heart failure with reduced versus pre-
served left ventricular ejection fraction. International Journal of Cardiol-
ogy. 2012;155(2):249–56. DOI: 10.1016/j.ijcard.2010.10.007

58. O’Neal WT, Sandesara PB, Samman-Tahhan A, Kelli HM, Hammad-
ah M, Soliman EZ. Heart rate and the risk of adverse outcomes in pa-
tients with heart failure with preserved ejection fraction. Europe-
an Journal of Preventive Cardiology. 2017;24(11):1212–9. DOI: 
10.1177/2047487317708676

59. Vazir A, Claggett B, Pitt B, Anand I, Sweitzer N, Fang J et al. Prognostic 
Importance of Temporal Changes in Resting Heart Rate in Heart Failure 
and Preserved Ejection Fraction. JACC: Heart Failure. 2017;5(11):782–
91. DOI: 10.1016/j.jchf.2017.08.018

60. Lam PH, Dooley DJ, Deedwania P, Singh SN, Bhatt DL, Morgan CJ 
et al. Heart Rate and Outcomes in Hospitalized Patients With Heart 

Failure With Preserved Ejection Fraction. Journal of the Ameri-
can College of Cardiology. 2017;70(15):1861–71. DOI: 10.1016/j.
jacc.2017.08.022

61. Edelmann F, Musial-Bright L, Gelbrich G, Trippel T, Radenovic S, 
Wachter R et al. Tolerability and Feasibility of Beta-Blocker Titration 
in HFpEF Versus HFrEF. JACC: Heart Failure. 2016;4(2):140–9. DOI: 
10.1016/j.jchf.2015.10.008

62. Little WC, Borlaug BA. Exercise Intolerance in Heart Failure With 
Preserved Ejection Fraction: What Does the Heart Have To Do with 
It? Circulation: Heart Failure. 2015;8(2):233–5. DOI: 10.1161/
CIRCHEARTFAILURE.114.001966

63. β-Blockers Withdrawal in Patients With HFpEF and Chronotropic In-
competence: Effect on Functional Capacity (Preserve-HR) (Preserve-
HR). ClinicalTrials.gov Identifier: NCT03871803. Av. at: https://clini-
caltrials.gov/ct2/show/NCT03871803. 

64. Nambiar L, Silverman D, Vanburen P, LeWinter M, Meyer M. Beta-
Blocker Cessation in Stable Outpatients With Heart Failure With a Pre-
served Ejection Fraction. Journal of Cardiac Failure. 2020;26(3):281–2. 
DOI: 10.1016/j.cardfail.2019.08.020


