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Beta-blockers utilization in heart failure patients: Sub-analysis of a nation-wide 
population-based study in the Czech Republic

Milos Taborskya, Renata Aiglovaa, Marie Lazarovaa, Ludek Pavlua, Josef Danekb, Jan Preceka, Alexander Scheec, Vit Glogerd, 
Marek Vichaa, Tomas Skalaa

Aims. Sub-analysis of a retrospective nation-wide observational analysis of heart failure (HF) epidemiology reported 
to the Czech National Registry of Reimbursed Health Services between 2012 and 2018 aimed at beta-blockers (BBs) 
utilization.
Methods and Results. The beta-blockers were generally used in 81.8% of all patients treated for HF in 2012 (n=52 140); 
81.8% in 2013 (n=53 058); 83.1% in 2014 (n=56 221); 82.1% in 2015 (n=57 421); 83.3% in 2016 (n=59 187); 82.2% in 2017 
(60 058) and in 81.4% in 2018 (n=60 966). In 2018, the majority of patients treated for HF were prescribed metoprolol 
(22 974; 30.7%) and bisoprolol (21 001; 28%). Carvedilol was prescribed in 7 331 patients treated for HF (9.8%), nebivolol 
in 5 392 HF patients. Despite its primary indication, betaxolol was used in 2 341 patients treated for HF (3.1%). All other 
beta-blockers were used in less than 1% of HF patients. In some of the mostly used BBs, their prescription in patients 
treated for HF changed in the last years (metoprolol 32.4% in 2012, 30.7% in 2018; bisoprolol 20.3% in 2012, 28% in 
2018; carvedilol 18.3% in 2012, 9.8% in 2018; nebivolol 2.5% in 2012, 7.2% in 2018; betaxolol 4.2% in 2012, 3.1% in 2018).
Conclusion. In an analysis of beta-blockers utilization in all patients treated for heart failure in the given year in the 
whole country, we have found only slightly lower amount of drug prescription in comparison with specific heart fail-
ure registries. This indicates a good translation of current standard of care into common clinical practice. Metoprolol 
remained the mostly prescribed drug. The prescription of bisoprolol and nebivolol has increased at the expense of 
carvedilol. 
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INTRODUCTION

Heart failure (HF) still poses a major global public 
health challenge. Beta-blockers (BBs) were shown to have 
highly positive effects in patients with HF and they have 
become a cornerstone in its treatment. The mechanisms 
by which BBs exert benefit in HF patients are uncertain1. 
Blocking adrenergic receptors reduces heart rate and al-
ters vascular function. It also has a direct effect on car-
diomyocytes, and modifies the neuro-endocrine response 
to HF (ref.2). The importance of these mechanisms may 
vary by etiology of HF, heart rhythm and clinical indica-
tion of BBs utilization. In patients with HF with reduced 
ejection fraction (HFrEF) in sinus rhythm (SR), BBs im-
prove LV systolic function and reduce mortality3. Benefits 
of BBs also apply for patients with a mid-range ejection 
fraction (HFmrEF) in SR (ref.3). Too few patients have 
been studied in RCTs to evaluate efficacy and safety of 
BBs in HFpEF patients. In HF patients with concomi-
tant AF, no prognostic benefit of BBs was seen. If this 
evidence translates to BBs utilization in common clini-
cal practice is not known. Considering utilization of BBs 

in HF patients, we have data from several HF registries 
in the Czech Republic but no registry evaluated all HF 
patients in the whole country4,5. It is unknown if observa-
tions from within-registry analyses can be extrapolated to 
non-enrolled patients. We can anticipate more frequent 
utilization of novel up-to-date evidence-based diagnostic 
and treatment strategies in hospitals involved in HF reg-
istries6. This can be potentially associated with a better 
outcome of enrolled patients. Differences in the case-mix 
of the registries, age and gender distributions, and comor-
bidities of the participants, can influence interpretation of 
the results. To obtain nationwide data on HF we analyzed 
data from the Czech National Registry of Reimbursed 
Health Services which contains a complete dataset of 
medical claims to all health insurance companies operat-
ing within the country. Of note, only few countries have 
reported nationwide trends in the epidemiology of HF 
and almost no data are available from the former Eastern 
bloc countries. Therefore, results of this study might be 
important for the planning of health expenditures, clini-
cal research and selection of countries for clinical trials.   
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Study aim
The aim of this study is to analyze individual types 

of BBs in all HF patients in the whole country in recent 
years and to compare these data with the currently avail-
able guidelines for the treatment of HF patients7,8.

METHODS 

Study design
This is a pharmacological sub-study of a retrospec-

tive observational analysis of diagnoses, procedures and 
treatment reported to the Czech National Registry of 
Reimbursed Health Services (NRRHS) between 2010 and 
2018. The main time period used in the study was 2012-
2018; time period 2010-2011 was included as a medical 
history of patients only. 

Patients’ selection definition, data extraction and study 
timeline

The patients´ cohort was selected based on the 
International Classification of Diseases (ICD-10) data. 
All patients with I50.x diagnosis code was selected and 
considered as patients with HF. Only the first HF diag-
nosis per single patient was taken into account. The data 
obtained from NRRHS include both in-patient and out-pa-
tient departments. All data were obtained in accordance 
with the national law and policy as anonymized results 
of pre-specified analyses. Data were anonymized before 
the linked database was released to the research group. 
Since this was a retrospective, anonymized study and the 
data are collected according to law no. 372/2011 about 
healthcare services, no informed consent was required.

The medical history of all HF patients was assessed, 
and all comorbidities recorded during 2010-2018 period. 
The pharmacotherapy was evaluated separately for indi-
vidual types of BBs.

Patients “with HF” and “Treated for HF”
Patients “with HF” were all patients that had an I50.x 

ICD diagnosis code accounted for in any given year (2010-
2018). 

Patients were considered as “Treated for HF” if a med-
ical procedure and/or examination at an in- out-patient 
department using an I50.x ICD diagnosis code were ac-
counted for in the given year. 

RESULTS

Prevalence of HF patients, their age and gender are de-
picted in Table 1. There were 176 496 patients with HF in 

2012 (out of 10.51 million citizens of the Czech Republic 
in 2012). Number of these patients grew constantly. In 
2018 (10.65 million citizens of the Czech Republic in 
2018), there were 285 745 patients with HF (mean age 
74.4 ± 12.8); slightly more men (145 297; mean age 71.5 
± 12.5) than women (140 432; mean age 77.4 ± 12.3). The 
majority of HF patients were older than 70 years (70.4%).  

Comorbidities in HF patients in 2018 are summarized 
in Table 2. Cardiovascular and oncological diseases were 
common in HF patients. In 2018, the most prevalent 
were arterial hypertension (92.6% of all HF patients) 
and coronary artery disease (77.9% of all HF patients). 
Moreover, 62.8% of HF patients in 2018 had a history of 
arrhythmias, 49.7% of them had a history of AF. Diabetes 
mellitus (41%) and hyperlipoproteinemia (49.6%) were 
also highly prevalent. Oncological disease was present in 
23.6% of patients. 

The beta-blockers were generally used in 70.8% of all 
HF patients in 2012 (n=124 887); 70.1% in 2013 (n=141 
724); 70.7% in 2014 (n=158 282); 70.0% in 2015 (n=170 
647); 70.4% in 2016 (n=180 807); 69.6% in 2017 (n=189 
127) and in 68.8% in 2018 (n=196 452). 

The beta-blockers were generally used in 81.8% of all 
patients treated for HF in 2012 (n=52 140); 81.8% in 2013 
(n=53 058); 83.1% in 2014 (n=56 221); 82.1% in 2015 

Table 1. Baseline epidemiological characteristics of HF patients.

Prevalence 2012 2013 2014 2015 2016 2017 2018

All 176 496 202 135 223 808 243 683 256 929 271 907 285 745

≥ 65 years 141 441 162 813 180 990 198 075 209 339 222 482 234 120

Male gender 88 591 101 576 112 330 122 566 129 867 137 642 145 297

Table 2. Comorbidities in HF patients in 2018.

n

all HF 
patients 

(%)

Arterial hypertension 264 499 92.6

Coronary artery disease 222 585 77.9

Acute myocardial infarction 44 100 15.4

Valve disease 85 611 30.0

Cardiomyopathy 28 487 10.0

Arrhythmias 179 576 62.8

Atrial fibrillation 141 988 49.7

Stroke 50 266 17.6

Cancer 67 393 23.6

Diabetes mellitus 117 265 41.0

Dyslipoproteinemias 141 764 49.6

Chronic obstructive pulmonary disease 91 052 31.9

Sleep apnea 7 664 2.7

Renal failure 73 998 25.9

Dementia 34 534 12.1

Alzheimer's disease 17 010 6.0
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(n=57 421); 83.3 % in 2016 (n=59 187); 82.2% in 2017 
(60 058) and in 81.4% in 2018 (n=60 966).

Individual types of BBs are depicted in Table 3A (all 
HF patients) and Table 3B (patients treated for HF). 

In 2018, the majority of patients treated for HF were 
prescribed metoprolol (22 974; 30.7%) and bisoprolol 
(21 001; 28%). Carvedilol was prescribed in 7 331 pa-
tients treated for HF (9.8%), nebivolol in 5 392 HF pa-
tients. Despite its primary indication, betaxolol was used 

in 2 341 patients treated for HF (3.1%). All other beta-
blockers were used in less than 1% of HF patients. 

In some of the mostly used BBs their prescription in 
patients treated for HF changed in the last years (meto-
prolol 32.4% in 2012, 30.7% in 2018; bisoprolol 20.3% in 
2012, 28% in 2018; carvedilol 18.3% in 2012, 9.8% in 2018; 
nebivolol 2.5% in 2012, 7.2% in 2018; betaxolol 4.2% in 
2012, 3.1% in 2018).

Table 3A. Individual types of BBs in all HF patients.

2012 2013 2014 2015 2016 2017 2018

Beta-blocker type Number 
treated

% of 
prevalence

Number 
treated

% of 
prevalence

Number 
treated

% of 
prevalence

Number 
treated

% of 
prevalence

Number 
treated

% of 
prevalence

Number 
treated

% of 
prevalence

Number 
treated

% of 
prevalence

SOTALOL 1 202 0.7 1 282 0.6 1 413 0.6 1 487 0.6 1 558 0.6 1 546 0.6 1 622 0.6

METOPROLOL 52 711 29.9 60 256 29.8 67 479 30.2 72 134 29.6 75 754 29.5 77 882 28.6 79 335 27.8

ATENOLOL 2 104 1.2 2 114 1.0 2 141 1.0 2 052 0.8 1 937 0.8 1 907 0.7 1 787 0.6

ACEBUTOLOL 1 876 1.1 1 965 1.0 2 091 0.9 1 982 0.8 2 000 0.8 1 872 0.7 1 725 0.6

BISOPROLOL 30 998 17.6 36 243 17.9 41 327 18.5 46 382 19.0 51 969 20.2 58 107 21.4 64 655 22.6

CELIPROLOL 669 0.4 656 0.3 668 0.3 603 0.2 591 0.2 538 0.2 527 0.2

NEBIVOLOL 3 329 1.9 6 361 3.1 9 802 4.4 12 587 5.2 14 518 5.7 16 097 5.9 17 107 6.0

KARVEDILOL 23 811 13.5 23 994 11.9 23 794 10.6 23 029 9.5 21 763 8.5 20 258 7.5 18 841 6.6

BISOPROLOL and 
THIAZIDES

463 0.3 550 0.3 588 0.3 626 0.3 647 0.3 540 0.2 486 0.2

NEBIVOLOL and THIAZIDES 3 0.0 15 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

BISOPROLOL and other 
antihypertensive drugs

133 0.1 254 0.1 322 0.1 557 0.2 732 0.3 930 0.3 967 0.3

BOPINDOLOL 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

BETAXOLOL 7 227 4.1 7 672 3.8 8 253 3.7 8 736 3.6 8 899 3.5 9 055 3.3 9 018 3.2

ESMOLOL 1 0.0 0 0.0 14 0.0 17 0.0 21 0.0 12 0.0 9 0.0

BISOPROLOL  
in a combination

0 0.0 0 0.0 14 0.0 66 0.0 55 0.0 1 0.0 0 0.0

LABETALOL 0 0.0 0 0.0 0 0.0 1 0.0 0 0.0 0 0.0 0 0.0

ATENOLOL and THIAZIDES 360 0.2 362 0.2 376 0.2 388 0.2 363 0.1 382 0.1 373 0.1

Prevalence of patients with 
heart failure

176 496 202 135 223 808 243 683 256 929 271 907 285 745

All beta-blockers 124 887 70.8% 141 724 70.1% 158 282 70.7% 170 647 70.0% 180 807 70.4% 189 127 69.6% 196452 68.8%

Table 3B. Individual types of BBs in patients treated for HF.

2012 2013 2014 2015 2016 2017 2018

Beta-blocker type Number 
treated

% of 
prevalence

Number 
treated

% of 
prevalence

Number 
treated

% of 
prevalence

Number 
treated

% of 
prevalence

Number 
treated

% of 
prevalence

Number 
treated

% of 
prevalence

Number 
treated

% of 
prevalence

SOTALOL 419 0.7 390 0.6 446 0.7 423 0.6 423 0.6 421 0.6 420 0.6

METOPROLOL 20 666 32.4 21 033 32.4 22 403 33.1 22 720 32.5 23 236 32.7 23 069 31.6 22 974 30.7

ATENOLOL 783 1.2 736 1.1 663 1.0 604 0.9 587 0.8 529 0.7 469 0.6

ACEBUTOLOL 673 1.1 668 1.0 652 1.0 558 0.8 537 0.8 475 0.7 421 0.6

BISOPROLOL 12 949 20.3 13 567 20.9 14 575 21.5 15 670 22.4 17 391 24.5 19 139 26.2 21 001 28.0

CELIPROLOL 274 0.4 241 0.4 213 0.3 169 0.2 161 0.2 140 0.2 127 0.2

NEBIVOLOL 1 616 2.5 2 783 4.3 4 098 6.1 4 673 6.7 5 082 7.2 5 289 7.2 5 392 7.2

KARVEDILOL 11 678 18.3 10 738 16.6 10 217 15.1 9 583 13.7 8 803 12.4 7 998 11.0 7 331 9.8

BISOPROLOL and 
THIAZIDES

182 0.3 189 0.3 169 0.2 185 0.3 194 0.3 151 0.2 135 0.2

NEBIVOLOL and THIAZIDES 3 0.0 9 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

BISOPROLOL and other 
antihypertensive drugs

59 0.1 87 0.1 106 0.2 172 0.2 228 0.3 276 0.4 244 0.3

BOPINDOLOL 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

BETAXOLOL 2 695 4.2 2 473 3.8 2 545 3.8 2 511 3.6 2 417 3.4 2 455 3.4 2 341 3.1

ESMOLOL 0 0.0 0 0.0 7 0.0 10 0.0 11 0.0 7 0.0 4 0.0

BISOPROLOL in a 
combination

0 0.0 0 0.0 2 0.0 18 0.0 9 0.0 0 0.0 0 0.0

ATENOLOL and THIAZIDES 143 0.2 144 0.2 125 0.2 125 0.2 108 0.2 109 0.1 107 0.1

Prevalence of patients with 
heart failure

63 714 64 856 67 685 69 927 71 045 73 026 74 885

All beta-blockers 52 140 81.8% 53 058 81.8% 56 221 83.1% 57 421 82.1% 59 187 83.3% 60 058 82.2% 60 966 81.4%
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DISCUSSION

We have retrospectively evaluated the utilization of 
BBs in all HF patients in the Czech Republic (n=10.6 
million in 2018) that were examined in either in-patient or 
out-patient department and had an established diagnosis 
of HF regardless of its type, severity, treatment or date of 
onset (n=285 745 in 2018). The beta-blockers were used in 
less than 70% of HF patients. The majority of HF patients 
were prescribed metoprolol and bisoprolol. Nebivolol and 
carvedilol were used far less often. Despite its primary 
indication, betaxolol was used in almost a comparable 
number of patients as nebivolol and carvedilol. All other 
BBs were used in less than 1% of HF patients. Metoprolol 
remained the mostly prescribed drug. The prescription 
of bisoprolol and nebivolol increased at the expense of 
carvedilol. Since we were analyzing data from all patients 
of the entire country, the case-mix is different than in the 
HF registries performed usually in specialized centers9. 
The external validity of outcome of patients in specific 
HF registries is limited because of selectivity of individual 
hospitals and/or patients’ participation. When compared 
to the FAR-NHL registry of Czech chronic HF patients 
with 93.8% of chronic HF patients on BBs, there is an 
evident under-treatment when compared to a sought-after 
standard of care4. The explanation of this under-treatment 
compared with the registries could be the fact that pa-
tients in the analyzed population are added successively. 
This means that patients treated for HF in 2012 are still 
included in the analyzed population of HF patients in 
2018 if they are still alive even if they are not treated for 
HF anymore. In the long run, it seems that the BBs utili-
zation decreases when compared to HF registries. Thus, 
we have analyzed the BBs use in patients Treated for HF 
in the given year (see the definition above). This analysis 
is more comparable to the HF registries that include pa-
tients with an episode of HF in the given year or at least 
examined or treated for the HF in the given year. When 
a Treated for HF analysis was used and all types of BBs 
were included, the percentage of BBs use was far more 
comparable with the HF registries (81.8% of patients in 
2012; 81.4% in 2018 vs 93.8% in the FAR-NHL registry) 
(ref.4). Moreover, data from FAR-NHL registry represent 
patients treated in a specialized CV center but the major-
ity of patients are treated in out-patient departments. A 
large number of patients in our database diminishes the 
chance of selection bias. On the other hand, it inevitably 
leads to a low detail of individual patients’ data. Data 
from echocardiography, including left ventricle ejection 
fraction (LVEF), ECG and laboratory samples are miss-
ing entirely. We thus cannot specify the severity of HF 
based on LVEF in our patients. BBs are indicated for the 
treatment of a vast spectrum of HF patients but current 
evidence shows that their benefit on the outcome of HF 
patients differs based on LVEF, type of cardiomyopathy 
and presence of AF. In HFrEF patients in SR, BBs in-
crease LVEF and reduce mortality and are clearly indicat-
ed1. According to a subgroup analysis of the MERIT-HF 
trial, the lower the LVEF, the higher the benefit of BBs 
was present10. A meta-analysis of all the major BBs trials 

in HFrEF patients showed no mortality benefit in HFrEF 
patients with AF (ref.11). However, BBs did not increase 
the risk, and they should be considered for rate control 
in HFrEF patients with AF, especially in those with high 
heart rate. In patients with HF with mid-range ejection 
fraction (HFmrEF) and/or HF with preserved ejection 
fraction (HFpEF), prospective clinical trials are scarce 
and most often have indirect endpoints and a small sam-
ple size that precludes evaluation of clinical endpoints12,13. 
In a recent analysis of 11 HF trials, BBs reduced the risk 
of all-cause and cardiovascular (CV) death in a subgroup 
of 575 patients with LVEF 40-49% (HFmrEF) in SR. 
LVEF increased with BBs in all groups, except those with 
LVEF >50%. The effect of BBs on mortality in patients 
with LVEF 40–49% is similar to that observed with LVEF 
< 40% (ref.3).  Based on these facts, an expert-consen-
sus recommendation for BBs use in HFmrEF patients 
is that BBs may be considered for ambulatory patients 
with symptomatic HFmrEF in SR in order to reduce the 
risk of all-cause and CV death14. Similar improvements in 
LVEF were seen for those in AF, but this did not translate 
into better outcomes with BBs for patients in AF. So far, 
there is no proof for beneficial effects of BBs on better 
outcomes of patients with HFmrEF and AF (ref.3). In a 
recent meta-analysis of randomized controlled trials, no 
clear beneficial effect of BBs on heart failure severity in 
HFpEF patients was found. However, BBs were found to 
be possibly beneficial in HFpEF patients with coronary 
artery disease (CAD) or AF (ref.15). Due to the nature of 
the registry data we are unable to specify the etiology of 
HF in our patients16. Also, the data from echocardiogra-
phy and/or coronary angiography are not available within 
the patient database. We could extrapolate data from oth-
er databases (e.g. the Czech FAR-NHL registry) but they 
do not contain all HF patients in the whole country and 
thus could be linked with a serious bias. The majority of 
patients in our analysis (77.9% of HF patients in 2018) 
had CAD and only 10% of patients had a cardiomyopathy 
in their diagnoses. This does not mean that patients with 
CAD had a disease significant enough to explain the de-
velopment of HF (ref.17-19). These numbers are different 
from the HF registries (e.g. 42.9% of HF patients with 
CAD and 29.5% with idiopathic dilated cardiomyopathy 
in the ESC-HF Long-Term Registry; 50.1% of HF patients 
with CAD and 41.6% with idiopathic dilated cardiomyopa-
thy in the Czech FAR-NHL Registry) (ref.4,20). When com-
pared to the data from the large registries, the difference 
in the number of cardiomyopathy diagnoses is striking. 
A possible explanation could be under-reporting of a car-
diomyopathy diagnosis in our database and thus the data 
about HF etiology should be taken with caution. In our 
registry, more than 60% of HF patients had a history of 
arrhythmias, mostly AF (49.7% of HF patients in 2018). 
AF was thus also far more prevalent when compared to 
the ESC-HF Long-Term Registry (21.5% of HF patients) 
and FAR-NHL registry (34.8% of HF patients) (ref.4,20). 
However, the fact that almost a half of the patients had 
a history of AF does not mean that they were in AF all 
the time. In fact, only one AF paroxysm in the patients’ 
history was enough for the diagnosis.  
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This is a general analysis of a real common practice 
and since some important data (LVEF, type of cardio-
myopathy and the burden of AF) are missing, any com-
parisons with registries (that have however only a limited 
number of selected patients) should be taken with caution. 
Nevertheless, the fact that pharmacotherapy was analyzed 
in all patients in the country outweighs this limitation. 
Despite the fact, that we have found only slightly lower 
amount of drug prescription in comparison with specific 
heart failure registries, there is still a room for improve-
ment in the pharmacotherapy of chronic HF. 

Study limitations
A large number of patients in our database diminish 

the chance of selection bias. On the other hand, it inevita-
bly leads to a low detail of individual patients’ data. Data 
from echocardiography, ECG and laboratory samples are 
missing entirely. We can’t rule out a population bias since 
all patients were diagnosed and treated in one developed 
country with highly advanced healthcare. Individual pa-
tient records might be filled out imperfectly. These po-
tential imperfections should not have an impact on the 
pharmacology analysis. There is no single classification 
system for the causes of HF, with much overlap between 
potential categories. This makes a precise assessment of 
a single diagnosis of HF in such a database challenging. 

CONCLUSION

In an analysis of beta-blockers utilization in all patients 
treated for heart failure in the given year in the whole 
country, we have found only slightly lower amount of drug 
prescription in comparison with specific heart failure reg-
istries. This indicates a good translation of current stan-
dard of care into common clinical practice. Metoprolol 
remained the mostly prescribed drug. The prescription 
of bisoprolol and nebivolol has increased at the expense 
of carvedilol. 
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