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Introduction

The alpha-adrenolytics (AA) are currently not rec-
ommended in patients with ejection fraction (EF) 

reduced heart failure because of the safety concerns 
resulting from neurohormonal activation, fluid reten-
tion and exacerbating heart failure [1]. These drugs 
were also shifted to fourth line treatment of hyper-
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tension [2]. The above guidelines recommendations 
are primarily driven by the results of a well-known 
Antihypertensive and Lipid Lowering Treatment to 
Prevent Heart Attack Trial (ALLHAT) trial that re-
vealed the incidence of heart failure (HF) nearly 
doubled in doxazosin group compared with chlor-
thalidone group in patients treated for hypertension 
[3]. Some observational studies in elderly patients 
with hypertension also pointed to the at least double 
risk of development of HF related to the monother-
apy with AA comparing thiazides [4, 5].

However, newer observations revealed no harm 
related to the AA treatment in HF [6], and recently 
propensity-score analysis of a large cohort of one 
institution disclosed the reduction of mortality in 
HF with the AA treatment [7].

AA are the drugs used most commonly for male 
lower urinary tract symptoms (LUTS) treatment, dis-
regarding whether or not related to benign prostatic 
enlargement (BPE) and are considered the first-line 
drug treatment for men with moderate-to-severe 
LUTS according to the European Association of 
Urology (EAU) guidelines [8]. In the cross-sectional 
study of 122,630 elderly U.S. Medicare beneficiaries 
with HF, BPE occurred in 6% of men [9].

Therefore, the aim of our study was to assess 
the safety of AAs in patients hospitalized due to 
exacerbation of HF and the influence of these drugs 
on long-term all-cause mortality and combined end-
point consisting with mortality and readmissions 
due to exacerbations of HF in large database includ-
ing the cases all-over the country.

Material and methods

We used data collected by the National Health 
Fund (NHF), the only public and obligatory health 
insurer in Poland. The NHF is practically the sin-
gle payer that signs contracts with public and pri-
vate healthcare providers. 

The NHF database tracks all patient admissions, 
main diagnoses and taking of the drug prescrip-
tions longitudinally throughout the entire country. 
The database also includes birth and death dates. 
The database search included the period from Jan 1st 
2012 to December 31st 2018.

Inclusion criteria were patients who were hospi-
talized with International Classification of Diseas-
es Tenth Revision (ICD-10) diagnosis code of I50 
(congestive heart failure) due to HF exacerbation 
(specific NHF codes) in the 2013 year. We excluded 
patients who were hospitalized with the ICD-10 
code I50 in the previous year disregarding the main 

reason for the hospitalization as well as the pa-
tients who died during and within 30 days after 
the index hospitalization. We also excluded patients 
who had not bought any prescribed HF drugs in-
cluding angiotensin converting enzyme inhibitors 
(ACEi), angiotensin receptor blockers (ARB), aldo-
sterone receptor antagonists (MRA) or beta-blockers 
(BB) within period of 30 days after the index hos-
pitalizations. The earliest procedure was considered 
the index one.

The primary outcome variable was all-cause mor-
tality and the secondary was the first readmission 
due to HF or all-cause death occurring more than 
30 days after discharge.

Survival analysis was performed for primary 
and secondary outcomes adjusting for age, sex, du-
ration of the index hospitalizations, severe HF as re-
ported to NFH (defined as need for vasopressors or 
dialysis), taking the prescription for the selected drugs 
during 30 day period following the discharge. The fol-
lowing medication was included into the analysis: AA, 
ACEi and/or ARB, MRA, BB, any diuretic, digox-
in, dihydropyridine calcium channel blocker (CCB), 
nitrates, antiplatelets other than acetylsalicylic acid 
(ASA), anticoagulants [vitamin K (VKA) or non-vi-
tamin K antagonist oral anticoagulant (NOAC)], 
statins, antidiabetics. All-cause mortality outcomes 
were censored at the end of the study on December 
31st 2018. All data released from NHF were fully an-
onymized by applying encrypted personal identifiers 
before the authors had any access to them. 

Statistics
Variables were compared using Fisher’s exact test 

and Mann-Whitney U test. Estimates of cumulative 
event rates were calculated by means of the Ka-
plan-Meier method with the log-rank comparison 
of survival curves. Cox proportional-hazards analy-
ses were performed for primary and secondary out-
comes. The covariates for the models were selected 
using criteria of p < 0.1 in univariate analysis among 
above mentioned variables. Additional subanalysis 
was also performed by repeating the calculations in 
patients who received BB.

In BB subanalysis, treatment with carvedilol (or 
not) and treatment with HF approved BB (carve-
dilol, metoprolol, bisoprolol or nebivolol) were ad-
ditionally analyzed.

P-values of less than 0.05 were considered sig-
nificant. The statistical analysis of the data was 
performed using R (R version 3.6.1, R-core Team, 
R Foundation for Statistical Computing, Vienna, 
Austria, 2019, https://www.r-project.org), graphs 
with “survminer” and “forestmodel” R packages.
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The study was not considered for review by the lo-
cal ethical committee since the database was previ-
ously collected by a government agency and all data 
were fully anonymized, and fully encrypted before 
the authors had any access to them. Moreover, there 
was no direct patient contact whatsoever.

Results

Of 140 668 patients who were hospitalized be-
cause of HF in the year 2013, 53 317 were included 
in the final analysis. Figure 1 presents the flow-
chart of patient selection, Table 1 characteristics of 
all patients included in the final analysis. Patients 
were followed for a median of 56.3 months [inter-
quartile range (IQR): 43.2 months]. Primary out-
come (long-term all-cause mortality) occurred in 
29 226 (54.8%) and secondary outcome (combined 
long-term mortality with readmissions) in 34 319 
(64.4%) overall. The group treated with non-se-
lective alpha-adrenolytics (AA) consisted of 2436 
of patients who were significantly older and more 
frequently men as compared with 50 881 patients 
not treated with AA (nonAA group) (Tab. 1). Most 

of the patients (n = 2409; 98.9%) were treated with 
doxazosin, the remaining with terazosin. Selective 
alpha blockers were used in a small number of all 
patients — 1898 (3.6%) — with no significant dif-
ference between the compared groups.

The duration of hospital stay differed marginally, 
and the proportion of advanced HF was the same 
in both groups. The treatment assessed with fill-
ing the prescriptions differed between the groups, 
with significantly higher use of ACEi/ARB, CCB, 
nitrates, statin, antidiabetic drugs and lower usage 
of MRA, diuretics, digoxin, anticoagulants in AA 
group (Tab. 1). The proportion of patients treat-
ed with BB and antiplatelets (excluding ASA) was 
the same in both groups.

Primary end-point
AA patients had lower long-term all-cause mor-

tality [n = 1285 (52.8%) vs. n = 27941 (54.9%), 
p = 0.038 for crude mortality]. One year 
all-cause mortality was already lower in AA group 
[n = 8381 (16.5%) vs. n=340 (14.0%), p < 0.001 
for crude mortality].

All-cause mortality trends over time are presented 
in Figure 2A with respective significant log-rank P 

Hospitalized in 2013 because 
of exacerbation of HF

(n = 140 668)

Diagnosis of HF during hospitalization in 2012
(n = 33 439)

n = 107 229

Died during index hospitalization
(n = 11 010)

n = 96 219

Died 30 days after index hospitalization
(n = 5287)

n = 90 932

Readmitted 30 days after index hospitalization
(n = 4625)

n = 86 307

Final group
(n = 53 317)

Not realized prescription for HF
(n = 32 990)

Figure 1. The flowchart of patient selection. HF — heart failure
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values for the comparison of Kaplan-Meier curves. 
Cox analysis revealed that the treatment with AA 
positively and independently affected long-term sur-
vival (adjHR: 0.82, 95% CI: 0.78–0.87, p < 0.001). 
The analysis also disclosed age, gender, duration 
of hospitalization, and most of concomitant medi-
cations as independent covariates of long-term mor-
tality (Fig. 3A).

Secondary-end point
Readmissions combined with mortality occurred 

less frequently in AA than in nonAA group [n = 1527 
(62.7%) vs. n = 32 792 (64.4%), p = 0.079 for crude 
data]. 

The incidence of one year secondary-endpoint 
was lower in AA group [n = 11 475 (22.6%) vs. 487 
(20.0%), p = 0.0039 for crude data].

Secondary-endpoint trends over time are pre-
sented in Figure 2B with respective significant 
log-rank P values for comparison of Kaplan-Meier 
curves. Cox analysis revealed that the treatment 
with AA positively and independently influenced 
secondary endpoint (adjHR: 0.85, 95% CI: 
0.81–0.90, p < 0.001) with age, gender, duration 
of hospitalization, and most concomitant medica-
tions (Fig. 3B).

Sub-analysis in BB treated patients
Characteristics of a subgroup of patients who 

fulfilled prescription for BB was similar to that of 

the total group with lower ACEi/ARB use (Tab. 2). 
In contrast to the total group, in the subgroup treat-
ed with BB no difference between AA and nonAA 
groups were observed regarding ACEi/ARB, diuretic 
or anticoagulant treatment. 

The most frequently used BB was carvedilol 
(n = 13 022; 59.1%), followed by metoprolol 
(n=3093; 14.0%), nebivolol (n = 2976; 13.5%), bi-
soprolol (n = 1153; 5.24%) and other, non-HF-ap-
proved BB (n = 1779; 8.08%).

Carvedilol was more frequently used in AA group 
compared with nonAA group (n = 12 494 (59.4%) 
vs. n = 528 (52.9%); p < 0.001) while non-signif-
icant difference in non HF approved BB was seen 
between the groups.

Primary endpoint occurred less frequently in 
AA group compared with nonAA group (n = 553 
(55.4%) vs. n = 12119 (57.6%), p = 0.162 for 
crude data) (Fig. 2C). Cox analysis revealed that 
difference as significant (adjHR: 0.82, 95% CI: 
0.75–0.90, p < 0.001), with age, gender, and most 
concomitant medications as independent covari-
ates (Fig. 4A). Secondary endpoint occurred less 
frequently in AA group compared with nonAA 
group [n = 648 (64.9%) vs. n = 14 057 (66.9%), 
p = 0.202 for crude data] (Fig. 2D). Cox analysis 
revealed that difference as significant (adjHR: 0.85, 
95% CI: 0.78–0.92, p < 0.001), with age, gender, 
and most concomitant medications as independent 
covariates (Fig. 4B).

Table 1. Characteristics of the total group

All patients Without AA AA p

N 53 317 50 881 2436

Age [yrs] 78.0 (13.0) 78.0 (13.0) 77.0 (712.0) 0.001

Females 29766 (55.8%) 29236 (57.5%) 530 (21.8%) < 0.001

Hospital stay [days] 7.0 (4.0) 7.0 (5.0) 7.0 (4.0) 0.032

Advanced HF 2455 (4.60%) 2344 (4.61%) 111 (4.56%) 0.947

RASI 39507 (74.1%) 37619 (73.9%) 1888 (77.5%) < 0.001

MRA 23356 (43.8%) 22416 (44.1%) 940 (38.6%) < 0.001

BB 22023 (41.3%) 21024 (41.3%) 999 (41.0%) 0.777

Diuretics 29550 (55.4%) 28102 (55.2%) 1448 (59.4%) < 0.001

Digoxin 7397 (13.9%) 7183 (14.1%) 214 (8.78%) < 0.001

CCB 9680 (18.2%) 8864 (17.4%) 816 (33.5%) < 0.001

Nitrates 5614 (10.5%) 5312 (10.4%) 302 (12.4%) 0.002

Antiplatelets 1672 (3.14%) 1592 (3.13%) 80 (3.28%) 0.711

Anticoagulant 9944 (18.7%) 9533 (18.7%) 411 (16.9%) 0.023

Statins 20706 (38.8%) 19564 (38.5%) 1142 (46.9%) < 0.001

Antidiabetics 13857 (26.0%) 12988 (25.5%) 869 (35.7%) < 0.001

BB — beta-blockers; AA — alpha-adrenolytics; RASI — renin–angiotensin system inhibitors (converting enzyme inhibitor and/or angiotensin receptor blocker); MRA — aldosterone 
receptor antagonists; CCB — dihydropyridine calcium channel blockers. Data presented as numbers (percentages) or medians (IQRs)
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Discussion

The results of our study revealed that in pa-
tients hospitalized all over the country in the year 
2013 due to exacerbation of HF those additionally 

treated with AA had 18% lower risk of all-cause 
death mortality and 15% lower risk of secondary 
endpoint (mortality or readmission) compared to 
the patients not treated with AA.
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Figure 2. Primary (A) and secondary (B) endpoint in all patients, and beta-blocker (BB) treated patients respectively (C) and (D). 
AA — alpha-adrenolytics
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Table 2. Characteristics of subgroup treated with beta blockers

All BB patients BB without AA BB with AA p

N 22023 21024 999

Age [yrs.] 78.0 (13.0) 78.0 (13.0) 77.0 (12.0) 0.012

Females 12031 (54.6%) 11834 (56.3%) 197 (19.7%) < 0.001

Hospital stay [days] 7.0 (4.0) 7.0 (4.0) 7.0 (4.0) 0.164

Advanced HF 1083 (4.92%) 1029 (4.89%) 54 (5.41%) 0.513

RASI 13645 (62.0%) 12999 (61.8%) 646 (64.7%) 0.077

MRA 9203 (41.8%) 8835 (42.0%) 368 (36.8%) 0.001

Diuretics 12877 (58.5%) 12275 (58.4%) 602 (60.3%) 0.253

Digoxin 3442 (15.6%) 3342 (15.9%) 100 (10.0%) < 0.001

CCB 3671 (16.7%) 3340 (15.9%) 331 (33.1%) < 0.001

Nitrates 2587 (11.7%) 2442 (11.6%) 145 (14.5%) 0.006

Antiplatelets 749 (3.40%) 718 (3.42%) 31 (3.10%) 0.658

Anticoagulant 4355 (19.8%) 4169 (19.8%) 186 (18.6%) 0.369

Statins 8783 (39.9%) 8294 (39.5%) 489 (48.9%) < 0.001

Antidiabetics 5903 (26.8%) 5534 (26.3%) 369 (36.9%) < 0.001

BB — beta-blockers; AA — alpha-adrenolytics; RASI — renin–angiotensin system inhibitors (converting enzyme inhibitor and/or angiotensin receptor blocker); MRA — aldosterone 
receptor antagonists; CCB — dihydropyridine calcium channel blockers. Data presented as numbers (percentages) or medians (IQRs).

Figure 3. Cox analysis for primary (A) and secondary (B) endpoints in all patients. AA — alpha-adrenolytics; RASI — renin angiotensin 
system inhibitors (converting enzyme inhibitor and/or angiotensin receptor blocker); MRA — aldosterone receptor antagonists; CCB 
— dihydropyridine calcium channel blockers
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Compared to classic registry data, the patients in 
our study were 5 to 9 years older [10–17].

Balsam et al. analyzed 1415 hospitalized patients 
from Polish cohorts of both EURObservation-
al Research Programme: The Heart Failure Pilot 
Survey (ESC-HF Pilot) and The European Society 
of Cardiology Heart Failure Long-Term Registry 
(ESC-HF-LT) [17]. The mean age was lower (69 
yrs) than in our cohort. Hypertension was diag-
nosed in 68.9%, coronary artery disease (CAD) in 
43.6%, arterial fibrillation (AF) in 43.6% pts, diabe-
tes in 35.1%, chronic kidney disease (CKD) 20.9%, 
chronic obstructive pulmonary disease (COPD) 
18.8% of patients.

Despite the fact that only patients who purchased 
at least one of the classic drugs increasing survival 
were eligible for the study, in our cohort a lesser per-
centage of patients filled prescriptions for CV drugs 
when comparing treatment at discharge in men-
tioned above Polish cohorts of European registries. 
While the difference regarding ACEi and ARB was 
approximately 10%, and for MRA approx. 20%, in 

case of BB, diuretics, digoxin, statins the percentage 
was two times smaller [17].

These differences may reflect the poor compli-
ance and filling prescriptions among real-life HF 
patients.

Probably, some drugs were not prescribed at 
the time of discharge from hospital, possibly due to 
contraindications (hypotension, bradycardia, renal 
failure). Our cohort represents real life data and in-
cluded exclusively patients with exacerbation of HF 
in contrast to registry studies that also included 
stable and outpatient HF patients and were conduct-
ed most often by selected centers of the tertiary level, 
often academic, so probably selecting patients with 
lower age, smaller number of concomitant diseases 
and with better compliance.

The in-hospital mortality was 2–3 times higher 
than in registry studies [11, 13, 17].

Similarly to other registers that included acute-HF 
patients, there was a high long-term mortality de-
spite the fact that we excluded patients who died or 
were readmitted early [18, 19]. Also, one-year mor-

Figure 4. Cox analysis for primary (A) and secondary (B) endpoints in the subgroup treated with beta-blocker. AA — alpha-adrenolytics; 
RASI — renin angiotensin system inhibitors (converting enzyme inhibitor and/or angiotensin receptor blocker); MRA — aldosterone receptor 
antagonists; CCB — dihydropyridine calcium channel blockers
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tality was 50% higher than reported in Polish co-
horts of European registries [17].

On the other hand, patients who were not hos-
pitalized with the diagnosis of heart failure during 
the previous year and who purchased at least one 
drug reducing the risk of death in HF within 30 
days were enrolled, so the study group probably 
included more patients with de novo heart failure 
and cooperating well.

We decided to combine readmissions with to-
tal mortality as a secondary endpoint, since we have 
data on readmissions due to exacerbation of HF 
only but not total cardiovascular hospitalizations. 
Moreover, high mortality in our cohort interferes 
with assessment of other endpoints.

Unlike randomized drug trials conducted in HF, 
our group was not selected in terms of HF severity, 
New York Heart Association (NYHA) class, EF, 
etiology, renal function and other clinical param-
eters. Most of the randomized trials in HF have 
ruled out multiple coexisting chronic diseases, so 
the populations studied do not reflect well the pa-
tients treated in the hospital for worsening heart 
failure. The real-word data differs from randomized 
controlled trials (RCT) because of frequent exclu-
sion of concomitant chronic conditions. In one 
analysis, 83% of RCT for heart failure excluded 
at least one chronic condition, including CAD, 
hypertension, stroke, AF, COPD, depression or 
dementia [20]. 

Results

The results of our study stays in contrast to the re-
sults of the ALLHAT study that disclosed nearly 
double the incidence of heart failure compared with 
chlorthalidone group in high risk hypertensive pa-
tients [3]. Although many authors explained the re-
sults of ALLHAT in doxazosin arm by the effect of 
neurohormonal activation from unopposed alpha 
receptor antagonism [21], others pointed to numer-
ous limitations of the trial and issues needed to be 
addressed [22]. Systolic blood pressure was about 
3 mm Hg higher in the doxazosin arm and in-
creased incidence of heart failure in the doxazosin 
group was not accompanied by parallel increase 
in mortality. Moreover, the heart failure end-point 
in ALLHAT was much higher than that observed 
in other trials of similarly high-risk patients 
and the curves for heart failure incidence in the dox-
azosin and chlorthalidone groups separated within 
weeks after randomization with little further separa-
tion thereafter. Therefore, the treatment with doxaz-

osin may rather have unmasked occult heart failure 
while diuretic treatment would have been more 
likely to maintain control of signs and symptoms of 
preexisting heart failure [22].

The results of the Matsui et al.’s study assessing 
the benefits of adding bed-time dose of doxazosin 
for controlling morning blood pressure and the left 
ventricular structure and function in hypertensive 
patients were unequivocal [23].

In the doxazosin group, an increase in the left 
ventricular diameter was only seen in patients who 
did not take diuretics throughout the study. Authors 
conclude that the prior use of diuretics can prevent 
the unfavorable effects of doxazosin on the left ven-
tricular structure. These observations can explain 
the results of early studies with AA in HF.

On the other hand, in a classical study compar-
ing monotherapy with various 5 drugs in hyperten-
sive men in the prazosin group there was no excess 
of oedema during more than one year follow-up, al-
though the drug had also the highest rate of adverse 
effects leading to the termination of treatment [24].

In non-randomized analysis in the Anglo-Scan-
dinavian Cardiac Outcomes Trial–Blood Pressure 
Lowering Arm (ASCOT-BPLA) that included al-
most 40 000 patient-years the addition of doxazosin 
to the hypertensive treatment resulted in BP lower-
ing by approximately 12/7 mm Hg with achieving 
target BP in one third of participants with no appar-
ent excess of heart failure [25].

The observations regarding the use of AA in hy-
pertensive patients may not necessarily reflect well 
the use of these drugs in already treated HF.

In historical double-blind comparison of capto-
pril and prazosin in HF, despite the maintained va-
sodilatation half of the 16 patients deteriorated after 
one month [26]. In our study, patients took (bought) 
at least one drug reducing mortality in heart failure. 
The study therefore tested the differences between 
adding AA as an additional drug to current therapy 
for heart failure, and did not compare AA with other 
classic drugs used in the treatment of HF.

The use of AA in a patient with HF in a situation 
where the drug is used to inhibit sympathetic activity 
and/or the RA system may not lead to excessive neu-
rohormonal activation. The V-HeFT I trial revealed 
no differences in all-cause hospitalization between 
patients randomized to prazosin or hydralazine with 
isosorbide dinitrate or placebo in HF patients on 
background therapy of digitalis and diuretics [27].

The results of our study appear similar to 
the Jackevicius et al.’s study [7]. The authors per-
formed the propensity score analysis of HF hos-
pitalized in one institution from 2002 to 2015. 
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Of 169 911 patients who were hospitalized in 
the period of interest. 28% were on AA. The au-
thors matched 35 715 pairs according to the AA 
treatment status using numerous covariates, un-
fortunately with the exception of the most im-
portant such as SBP and EF. The mean age of 
the matched group was lower (75 yrs) than in our 
study, and the usage of analyzed drugs was higher 
than in our group with the exception of ACEi or 
ARB which was similar and MRA which was high-
er in our group. The treatment with AA was as-
sociated with lower 2-year all-cause mortality in 
the whole group (42.8% versus 46.5% (HR: 0.93; 
95% CI: 0.91 to 0.94; p < 0.0001)) and also in BB 
treated group (HR: 0.91; 95% CI: 0.89 to 0.92; 
p < 0.0001). Higher doses and nonselective AAs 
were also associated with lower mortality, regardless 
of BB treatment. These secondary analyses were 
performed in a very similar way as ours. Authors 
conclude that AAs may be used safely in HF pa-
tients where clinically indicated. 

Another example suggesting the benefits of add-
ing AA to the treatment of HF is the Carvedilol Or 
Metoprolol European Trial (COMET) that revealed 
a significant reduction in total and cardiovascu-
lar mortality with carvedilol compared with metop-
rolol [28].

Limitations of the study

Our study presents the typical limitations of a ret-
rospective analysis of reimbursement data. Due to 
the limitations of the NHF database we were un-
able to assess many other important clinical param-
eters. In particular, evaluating patients in groups 
with preserved and reduced ejection fraction would 
be important. However. we had data on duration 
of hospitalization, advanced HF (requiring treat-
ment with positive inotropes or renal replacement 
therapy) and post discharge treatment. We assume 
that including these covariates into analysis partially 
substitutes controlling on important clinical param-
eters or concomitant diseases. Some of the stud-
ies mentioned in the above discussion also did not 
control results on crucial data such as SBP or EF due 
to incompleteness [7].

Autopsies are rarely performed in Poland 
and a majority of deaths took place outside hospitals 
therefore we were unable to establish the cause of 
death. 

A risk of potential errors or underreporting of 
diagnoses or procedures should also be taken into 
consideration.
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