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Abstract

Background: Due to concerns regarding neurohormonal activation and fluid retention,
adrenergic alpha-1 receptor antagonists (A1Bs) are generally avoided in the setting of heart
disease, namely symptomatic heart failure (HF) with reduced ejection fraction (HFrEF).
However, this contraindication is mainly supported by ancient studies, having recently been

challenged by newer ones.

Purpose: To perform a comprehensive meta-analysis aimed at ascertaining the extent

to which A1Bs might influence cardiovascular (CV) outcomes.

Methods: We systematically searched MEDLINE, Cochrane Central Register of
Controlled Trials and Web of Science for both prospective and retrospective studies, published
up until November 29th 2020, addressing the impact of A1Bs on clinical outcomes, namely
acute heart failure (AHF), acute coronary syndrome (ACS), CV and all-cause mortality, and on
CV surrogate measures, specifically left ventricular ejection fraction (LVEF) and exercise
tolerance, by means of exercise duration (in seconds). Both randomized controlled trials
(RCTs) and studies including only HF patients were further investigated separately. Study-
specific odds ratios (ORs) and mean differences (MDs) were pooled using traditional meta-
analytic techniques, under a random-effects model. A record was registered in PROSPERO
database with the code number CRD42020181804.

Results: 15 RCTs, 3 non-randomized prospective and 2 retrospective studies,
encompassing 32851, 19287 and 71600 patients, respectively, were deemed eligible. 62256
patients were allocated to A1B, on the basis of multiple clinical indications: chronic HF (14
studies, with 72558 patients, including 7 studies, with 850 patients, comprising only HFrEF),
arterial hypertension (4 studies, with 44184 patients) and low urinary tract symptoms (2
studies, with 6996 patients). There were 25998 AHF events, 1325 ACS episodes, 955 CV
deaths and 33567 all-cause deaths. When considering only RCTs, A1Bs were, indeed, found
to increase AHF risk (OR 1.78 [1.46, 2.16] 95% CI, p<0.00001, i? 2%), although displaying no
significant effect on ACS, CV, and all-cause mortality rates (OR 1.02 [0.91, 1.15] 95% ClI, i?
0%; OR 0.95[0.47, 1.91] 95% ClI, i 17%; OR 1.1 [0.84, 1.43] 95% ClI, i? 17%, respectively). In
addition, when only HF patients were evaluated, A1Bs revealed themselves neutral towards
AHF, ACS, CV, and all-cause mortality events (OR 1.13 [0.66, 1.92] 95% ClI, i? 0%; OR 0.49
[0.1, 2.47] 95% ClI, i? 0%; OR 0.7 [0.21, 2.31] 95% ClI, i 21%; OR 1.09 [0.53, 2.23] 95% ClI, i?

17%, respectively). As for HFrEF patients, A1Bs were found to exert a similarly inconsequential
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effect on AHF risk (OR 1.01 [0.5-2.05] 95% ClI, i? 6%). Likewise, LVEF was not significantly
influenced by A1Bs (MD 1.66 [-2.18, 5.50] 95% ClI, i? 58%) and, most strikingly, exercise
tolerance was even higher in those under this drug class (MD 139.16 [65.52, 212.8] 95% ClI,
p<0.001, i? 26%).

Conclusion: A1Bs do seem to increase AHF odds, even though this effect appears to
be driven by those at lower risk, thus contradicting current guidelines. These drugs’ impact on

other major CV outcomes might be trivial.
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Abbreviations

HF Heart Failure

ESC European of Society of Cardiology

AHF Acute Heart Failure

CHF Chronic Heart Failure

AlBs Adrenergic alpha-1 Receptor

Antagonists

AHT Arterial Hypertension

LUTS Lower Urinary Tract Symptoms

HFrEF Heart Failure with Reduced Ejection

Fraction

CV Cardiovascular

PRISMA Preferred Reporting Items for

Systematic Reviews and Meta-Analyses

RCTs Randomized Controlled Trials

ACS Acute Coronary Syndrome

LVEF Left Ventricular Ejection Fraction

ED Exercise Duration

OCAS Oral Controlled Absorption System

MR Modified Release Formulation

NOS Newcastle-Ottawa Scale

ROBINS-I The Risk of Bias in Non-

Randomized Studies — of Intervention Tool

RoB Risk of Bias Tool

robvis Risk-of-bias VISualization

MD Mean Difference

SDs standard deviations

NYHA New York Heart Association

OR Odds Ratio

Cls Confidence Intervals

HFmrEF Heart Failure with Mid-Range

Ejection Fraction

RR Relative Risk

HR Hazard Ratio



Introduction

Heart failure (HF) affects 64.34 million people worldwide.! European Society of
Cardiology (ESC) 2016 guidelines define HF as “a clinical syndrome characterized by typical
symptoms (e.g. breathlessness, ankle swelling and fatigue) that may be accompanied by signs
(e.g. elevated jugular venous pressure, pulmonary crackles and peripheral oedema) caused
by a structural and/or functional cardiac abnormality, resulting in a reduced cardiac output
and/or elevated intracardiac pressures at rest or during stress”.? Its clinical presentations may
be classified as either acute or chronic. Acute HF (AHF) is the most common cause of hospital
admission and in-hospital mortality varies between 4% and 7%,> manifesting as a
decompensation of previous chronic HF (CHF) or due to an abrupt development of the
syndrome de novo.?

Adrenergic alpha-1 receptor antagonists (A1Bs) are a pharmacologic class that may
be used in patients with resistant arterial hypertension (AHT),* since they induce arterial
vasodilation and thus decrease systemic vascular resistance. Resistant AHT may be defined
as the inability to reach the arterial pressure goal despite the use of three antihypertensive
drug classes, being one a diuretic, and is an important phenomenon, since its prevalence
varies between 12 and 15%.° A1Bs also inhibit sympathetic tone, particularly in prostate and
at bladder outlet, establishing themselves as the first-line treatment in patients with lower
urinary tract symptoms (LUTS).® These represent a set of clinical manifestations that affect
50% of men with at least fifty years and 80% with seventy years or more,” and benign prostatic
hyperplasia serves as its most frequent underlying condition. Examples of drugs within this
class are prazosin, doxazosin, terazosin, tamsulosin, alfuzosin, silodosin, indoramin,
trimazosin, bunazosin, urapidil and naftopidil.

Since the discontinuation of the doxazosin arm in the ALLHAT? trial, due to an increase
in the risk of congestive HF, when compared against the one seen in the chlorthalidone group,
guestions were raised about the safety of A1Bs. In HF, there is typically an activation of the
sympathetic nervous system,?which could, in fact, represent a basis for the use of these drugs
in this condition. However, studies®%!! consistently revealed a greater risk of HF
decompensation in patients treated with A1Bs, probably due to neurohormonal activation and
fluid retention. Due to these concerns, they are currently contraindicated as antihypertensive
drugs in patients with HF with reduced ejection fraction (HFrEF) (class of recommendation lIlI
and level of evidence A), by the latest ESC specific guidelines.? Nevertheless, in 2018, a new
large retrospective cohort study?? found that treatment of patients with CHF with A1Bs was
associated with a reduction in HF readmission and all-cause mortality rates. All in all, the

impact of A1Bs in the natural history of HF is still insufficiently known.



Our goal is to systematically review and meta-analyse published literature on the
comparison between A1Bs and other classes of drugs and/or placebo, analysing the risk of
major cardiovascular (CV) outcomes associated with the former therapeutic class, with a

particular emphasis on AHF events.



Methods

Protocol and registration

This systematic review with meta-analysis was developed according to the criteria of
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). A record
has been submitted to the PROSPERO database and registered (CRD42020181804) and is
available at https://www.crd.york.ac.uk/prospero/display record.php?ID=CRD42020181804.

Literature search

Based on PRISMA statement we systematically searched MEDLINE through PubMed,
Cochrane Central Register of Controlled Trials and Web of Science Core Collection on
November 29th 2020, for observational and interventional studies appraising the effect of A1Bs
on major CV outcomes, namely on AHF. The search was limited by article type at PubMed
(“Clinical Study”, “Clinical Trial”, “Clinical Trial Protocol”, “Clinical Trial, Phase I”, “Clinical Trial,
Phase II”, “Clinical Trial, Phase 11", “Clinical Trial, Phase 1V”, “Comparative Study”, “Controlled

” o« LTS LT

Clinical Trial”, “Journal Article”, “Letter”, “Multicenter Study”, “Observational Study

LT

, “Pragmatic
Clinical Trial” and “Randomized Controlled Trial”) and Web of Science Core Collection
(“Article”, “Proceedings Paper”, “Letter” and “Early Access”); by species (‘Humans”) at
PubMed and by language (English, Spanish, Portuguese) whenever possible. MeSH terms
were used at PubMed. No date publication restrictions were implemented. Appendix |
represents the search equation and strategy used in this study. Different publications with the

same patients’ sample were considered as a single study.

Eligibility criteria

The following criteria were established to identify studies suitable to be included in our
study: (1) randomized controlled trials (RCTs), prospective non-randomized studies (both
observational and interventional) or retrospective studies comparing A1Bs with any other
drug(s) and/or placebo; (2) studies encompassing patients with an indication for AlB
treatment, with a particular focus in those with CHF, AHT and LUTS; (3) studies reporting AHF
events (which was given primacy), but also mortality, acute coronary syndrome (ACS) events,
mean left ventricular ejection fraction (LVEF) change and exercise tolerance - mainly by

exercise duration (ED) measurement - modification. Studies with beta-blockers with A1Bs


https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020181804

properties, like carvedilol or labetalol, used as experimental or control arms, and studies with

less than a four-week follow-up were excluded.

Primary and secondary outcomes

Primary outcome consists of AHF events, whereas secondary outcomes include all-
cause mortality, CV-specific mortality, ACS events, exercise tolerance change - by means of
ED - and LVEF modification.

Data collection and management

Two authors (DM and JPS) systematically screened titles and abstracts from the
studies obtained from the literature search with the aim of identifying publications that fulfil the
previously indicated eligibility criteria. The full text of the studies which apparently met eligibility
criteria was independently examined by DM and JPS in order to confirm their eligibility status.
Any disagreement between the two review team members were resolved by discussion and
whenever necessary with the opinion of the third author (RT). Data extraction focused on
baseline demographic and clinical variables, interventions employed, and the previously
outlined primary and secondary outcomes. Studies with sequential publications were accessed

to ensure no duplication of results and gathering of most up-to-date information.

Chapple and co-workers®® showed distinct data for three types of tamsulosin
formulations: oral controlled absorption system (OCAS) 0.4 mg, OCAS 0.8 mg and modified
release formulation (MR) 0.4 mg. To increase statistical power, we combine dichotomous data
of these three formulation types, since they all represent the A1B group. Roehrborn and co-
authors!* reported on patients under tamsulosin in monotherapy, dutasteride in monotherapy
and an association of both drugs. In this case, we combined dichotomous data of monotherapy
of tamsulosin and the association, for the same reason. Cohn and colleagues'® made a
comparison between prazosin, the association of hydralazine and isosorbide dinitrate, and
placebo, therefore we added the dichotomous data of hydralazine/isosorbide dinitrate and
placebo, because they both account for the non-A1B group. In a study by Faconti et al.
(2018),'* some baseline characteristics from doxazosin and spironolactone groups were
presented as per active or placebo juice intake, so, whenever possible, we added these

dichotomous data to form our own pool of both A1B and non-A1B groups.

We defined an AHF event as any decompensation of previously known HF or de novo

AHF and death by HF; all-cause mortality as a death event by any reason; CV mortality as any
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death caused by ACS, stroke, HF, arrhythmia, “other CV” causes or “sudden” reasons; ACS

event as both fatal and non-fatal myocardial infarction and unstable angina.

Risk of bias assessment

DM and JPS independently evaluated the risk of bias of the studies included in this
review. These authors used the Newcastle-Ottawa Scale (NOS)!’ for observational studies
and accessed selection, comparability and outcome domains. In non-randomized clinical trials,
the risk of bias was evaluated using a simplified version of “The risk of bias in non-randomized
studies — of intervention” tool (ROBINS-I)!® addressing the following domains: confounding
bias, selection bias, information bias by means of recall and detection bias, and reporting bias

” W [T ”

through “yes”, “probably yes”, “probably no”, “no” and “no information” judgements. The risk of
bias of RCTs was gauged using the Cochrane Collaboration’s “Risk of bias” tool (RoB)*° using
the following verdicts: “low risk”, “high risk” or “unclear risk”, for random sequence generation,
allocation concealment, blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting, and other biases. The quality
assessment for each study is represented at the NOS summary (Fig. 1A), ROBINS-I simplified
summary (Fig. 1B) and RoB summary (Fig. 1C), the last one created with Risk-of-bias
VISualization (robvis)?°.

In observational studies, and as for the selection domain, there is a possibility of bias
since all studies lack representativeness of the general population. Moreover, in one study,?
ascertainment of exposure was made by self-report. Comparability domain appears not to be
a problem since the majority of the results were adjusted for a multitude of variables
(particularly age, sex and systolic blood pressure). Regarding the outcome domain, bias is
thought to be present in one study,?* because outcome assessment was evaluated by patients’
self-report.

In the non-randomized clinical trial,?> confounding bias may be present because the
non-AlB group (metoprolol) showed worse hemodynamic indexes at baseline. In addition,
there seems to be selection bias since four patients in the active group (metoprolol +
doxazosin) received only half the drug dose, due to intolerance. There was also detection bias

since the study was unblinded.

Most of the RCTs showed an unclear risk of selection bias since their authors often do
not explain how allocation concealment and random sequence generation were processed.
When evaluating performance bias, most studies revealed themselves to be at low risk, since
almost all had a double-blind design and pills used were identical in both groups. However,

three studies served as exceptions: two articles®*?* due to a single-blind design and one
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study® because of lack of blinding altogether. In the latter, blood pressure was even self-
monitored by patients. On the other hand, double blinding also mitigated detection bias in the
majority of studies.

Four studies!®?32627 were analysed through a per-protocol approach and five
studies!!14152829 gyffered from a significant percentage of withdrawals, some of which were
even possibly related with our outcomes of interest, thus revealing a high risk of attrition bias;
another study®* managed to report dropouts, though did not clarify the cause, so it was given
an unclear risk in this domain. Reporting bias was also a problem since some RCTs failed to
report quantitative data judged as relevant [namely p-values, other statistics that would permit
estimation of mean difference (MD), standard deviations (SDs) or other potential outcomes of
interest, like change in weight and New York Heart Association (NYHA) class], preventing them
to be included in the meta-analysis. A high risk of bias was also verified in the cross-over
clinical trial,** due to not reporting results at the time of cross-over. In the “other biases” domain,
two studies!®3! were judged as displaying high risk since a premature termination was

reported.
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Confounding Selection information - Reporting Owverall
Recall Detection
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C
Risk of bias
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Aronow 1977 @ @ . . . . .
Aronow 1979 @ @ . . . . .
Colucei 1980 ® ® @ @ X ® @
Weber 1980 ©) ® O] ) ® ® )
Higginbotham 1983 ® O] ® ® ) ® ®
Markham 1983 @ © ® ® ® ® ®
Bayliss 1985 O] ©) ® ® X ® ®
Kirlin 1985 ©) ©) ® ® ® ® ®
__ Cohn (V-HeFT I) 1986 ® ® ® ® X ® ®
§ Leier 1987 ©) ©) ® ® ® ® ®
DiBianco 1991 O] ©) ® ® ® ® ®
Ajayi 1996 © © ® ® ® ® ®
Dorszewski 1997 . @ . . . . .
Ajayi 2003 © © ® @® @ @ ®
Furberg (ALLHAT) 2003 @ @ @® @ ) @ ®
Chapple 2005 ® ©) ® @ ® ® @
Kieback 2005 ® ©) ® @ ® ® @
Kario (JMS-1) 2008 ©) @ ® ® ® @ @
Roehrborn (CombAT) 2010 | @ ©) @ @ ® @ @
D1: Random sequence generation (selection bias) Judgement
D2: Allocation concealment (selection bias) )
D3: Blinding of participants and personnel (performance bias) . High
D4: Blinding of outcome assessment (detection bias) D Unclear
D5: Incomplete outcome data (attrition bias)
D6: Selective reporting (reporting bias) . Low

D7: Other bias Not applicable

Figure 1 — Risk of bias summary:
A — Newcastle-Ottawa Scale; B — Simplified version of “The risk of bias in non-randomized studies — of

intervention” tool; C — Cochrane Collaboration’s “Risk of bias” tool.

13



Statistical analysis

We pooled dichotomous data using odds ratio (OR) and continuous data using MD to
describe effect sizes, further analysing them under a random-effects and a Mantel-Haenszel
model, as long as a minimum of three studies were deemed suitable. Significance was
postulated if 95% confidence interval (Cl) does not contain the number 1 for dichotomous
variables and the number O for continuous variables. Study heterogeneity was accessed by
the i? statistic (considered excessive if it overtakes 50%) and by funnel plots.

It should be stated that most studies reported the continuous variables of interest only
at baseline and at end of study!526:2832-34 thus allowing MD calculation but without associating
them with the respective SDs. This frequently precluded their incorporation in the quantitative

synthesis, despite SDs being manually calculated whenever possible.

The statistical analysis was performed using Cochrane Review Manager 5.4.1.
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Results

Search results

Literature review resulted in 1030 articles and the JMS-1%® RCT, from which the sub-
study Matsui et al. (2008)*° derived its sample, was added after manual research. After
dismissing 259 duplicate results, 689 articles were excluded through title and abstract
screening and study type (RCTs, non-randomized prospective and retrospective studies
comparing A1Bs with other(s) drug(s) and/or placebo). The eligibility of the remaining 83
studies was confirmed by full-text analysis, leading to further exclusion of 56 records: 15 were
trial sub-analyses [12 from ALLHAT®, 1 from V-HeFT*® and 2 from Bayliss et al. (1985)%];
ALLHAT®, V-HeFT-I®, Leier et al. (1987)%¢ and Aronow et al. (1977)% were themselves picked
between two possible articles with the exact same population, for each RCT; in 16 papers it
was not possible to access the full-text; 7 were just conference meeting abstracts; in 1 study
both the active and control groups were under A1B therapy; and 13 articles did not report
relevant or comparable outcomes. 27 studies were finally assessed as fulfilling the criteria to
be included in the qualitive synthesis. Furthermore, from these, 1 record!! corresponded to a
cross-over trial that did not report outcomes at the exact cross-over period; 1 article?!
presented assigned sample dimension in relative terms (percentage); in 2 studies®%®,
quantitative data reported were not stratified by assigned group allocation; in 1 study34, SDs of
the MDs of LVEF and ED, between baseline and end of study, could not be obtained; 1 study*®
described LVEF change from baseline through least square means; and 1 study?* focused
primarily on NYHA change from baseline, a variable not looked upon in other articles, thus
making it impossible to employ these 7 articles in the meta-analysis. Therefore, 20 records
were engaged in the quantitative review. From these, 15 were RCTs and encompassed 32851
patients, 3 were non-randomized prospective studies including 19287 patients and 2 were
retrospective studies featuring 71600 patients. 62256 patients were treated with A1Bs, which
were introduce for multiple clinical indications. In 14 studies (11 RCTs, 1 prospective non-
randomized and 2 retrospective studies) a total of 72558 patients exhibited CHF. From these
14 articles, 7 (6 RCTs and 1 prospective non-randomized) focused only on HFrEF, accounting
for 850 patients. In addition, 4 other studies (2 RCTs and 2 prospective non-randomized),
which included 44184 patients, AHT was the main clinical indication for A1B initiation. In this
regard, it should be noted that Matsui study®® patients represent a sample from Kario study®
population, hence the inclusion of only the latter. The remaining 2 studies (2 RCTs) were
conducted in 6996 patients with LUTS (Fig. 2). Characteristics of the included studies are

summarized in Table 1.
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Records identified through database Additional records identified through
other sources

searching (n = 1030)

(PubMed = 424; Cochrane = 203;
Web of Science = 403)

(n=1)

h 4

(n=771+1)

Records after duplicates removed

A

Records screened
(n=772)

Records excluded
(n = 689)

v

A 4

Full-text articles assessed
for eligibility
(n=83)

\4

Full-text articles excluded, with reasons
(n=56)

ALLHAT based sub-study (12)
V-HeFT based sub-study (1)

Bayliss et al. based sub-study (2)
Duplicated population (4)

Full text not accessible (16)
Conference meeting abstract (7)
Active and control group under A1Bs
treatment (1)

Study results not relevant (13)

Studies included in
qualitative synthesis
(n=27)

Studies included in
guantitative synthesis (meta-
analysis)

(n =20)

A\ 4

1
2)
3)
4)
5)

6)

Articles excluded of meta-analysis, with
reasons (n=7)

Cross-over trial without results at the
exact cross-over period (1)

Sample dimension in relative terms
(percentage) (1)

Quantitative data not stratified by
assigned group allocation (2)

SDs of MDs of LVEF and ED impossible
to obtain (1)

LVEF change from baseline data shown
as least square means (1)

Lack of information from other studies to
perform an analysis of NYHA change from
baseline (1)

Studies included in meta-analysis divided by base pathology and type of study
(RCT =15, Prospective non-randomized = 3, Retrospective = 2)

1. CHF (n = 14: RCT = 11, Prospective non-randomized = 1, Retrospective = 2)
a.HFrEF (n = 7: RCT = 6; Prospective non-randomized = 1, Retrospective = 0)

2. AHT (n = 4: RCT = 2; Prospective non-randomized = 2, Retrospective = 0)

3. LUTS (n = 2: RCT = 2: Prospective non-randomized = 0. Retrospective = 0)

Figure 2 — PRISMA 2009 flow diagram of literature search.

A1B adrenergic alpha-1 receptor antagonist; SDs standard deviations; MDs mean differences;

LVEF left ventricular ejection fraction; ED exercise duration; CHF chronic heart failure;

HFrEF heart failure with reduced ejection fraction; AHT arterial hypertension; LUTS lower urinary tract symptoms.
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Number of
patients

A1B Non-
Al1B

Age (years £ SD) Sex (males)

Base
pathology

Follow-up

Design (months)

A1B group Non-A1B group

Al1B Non-A1B Al1B Non-

Al1B

Studies included in meta-analysis

Jackevicius, C2  Retrospective CHF AlB-treated AlB-untreated 35713 35713 74.6+10.1 74.7+10.3 35651 35660 24 (outcomes
2018 cohort reported)
Roehrborn, C* RCT LUTS Tamsulosin mon + Tamsulosin and Dutasteride mon 3221 1623 (@ 66.0+6.99 1611 1623 48
2010 (CombAT) Dutasteride
Spoladore, R* Retrospective CHF Doxazosin Non-doxazosin 52 122 69.3+10.1 67.1+9.1 33 91 50 Dox /
2009 cohort 41 Non-Dox
Chapman, N*° RCT sub- AHT Doxazosin Non-doxazosin 11768 7489 62.7+85 62.2+85 9254 5488 Median
2008 analysis 66
Kario, K% RCT AHT Doxazosin Non-doxazosin 308 303 70.2+9.2 70.1+10.0[45.1%][43.6%] 6
2008 (JMS-1)
Matsui, Y RCT sub- AHT Doxazosin Non-doxazosin 112 111 70.1+10.4 70.4+11.2[46.4%)][45.0%)] 6
2008 analysis
Chapple, C* RCT LUTS Tamsulosin 0,4 OCAS + Tamsulosin Placebo 1795 357 (b) 1795 357 2.76
2005 0.8 OCAS + Tamsulosin 0.4 MR
Furberg, C* RCT AHT Doxazosin Chlortalidone 9061 15255 66.8+7.7 66.9+7.7 4858 8084 48
2003 (ALLHAT)
Dorszewski, A¥® RCT CHF Urapidil Placebo 18(c) 18(c) 55.7+24 553+33 17 16 2.76
1997
Ajayi, A% RCT CHF Prazosin and Enalapril Placebo and Enalapril 24 (d) (d) (d) 0.92
1996
Kukin, M?? Non-randomized CHF Doxazosin and Metoprolol Metoprolol mon. 16 (e) 14 (e) From 29to 76 25 3
1996 Controlled Trial Mean 50
DiBianco, R® RCT CHF Doxazosin Placebo 36 37 Mean59.7 Mean 60.0 33 32 3
1991
Leier, C* RCT CHF Indoramin Placebo 11 10 55+ 10 59+6 6 6 2
1987
Cohn, J® RCT CHF Prazosin Hydralazine and Isosorbide 183 459 Mean 58.3 ) 183 459 Up to
1986 (V-HeFT 1) Dinitrate + Placebo 68.4
Higginbotham, M% RCT CHF Prazosin Placebo 11(g9) 11(g) From 25 to 68 11 11 6
1983
Markham, R? RCT CHF Prazosin Placebo 13 (h) 12 (h) (h) 8 6 6
1983
Colucci, W2 RCT CHF Prazosin Placebo 10 12 59+95 58+104 7 10 2
1980
Weber, K* RCT CHF Trimazosin Placebo 10 () 13 () (i) 0] 1.38
1980
Aronow, W4 RCT CHF Prazosin Placebo 12 12 From 26 to 67 12 12 1.38
1979
Aronow, WS RCT CHF Trimazosin Placebo 8 8 From 41 to 66 8 8 1.38
1977
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Jackevicius%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=30316936

Studies only included in qualitative analysis

Faconti, L® RCT sub- Patients with or Doxazosin Spironolactone 43 44 0) 32 28 6
2019 analysis at risk of DMII
Dhaliwal, A% Prospective CHF AlB-treated Al1B-untreated 98 290 73+8 67 +11 [100%] [99%] Upto 37.42
2009 cohort
Kieback, A% RCT CHF Doxazosin 4 + Doxazosin 8 Placebo 15 15 ) 63.6+7.7 11 11 2.76
2005
Bryson, C* Prospective Elderly AlB-treated Al1B-untreated o (0} 0] Up to 137.96
2004 cohort individuals
Ajayi, A% RCT CHF Prazosin and Enalapril Atenolol and Enalapril + 8 20 From 50 to 56 3 11 0.92
2003 Enalapril mon.
Bayliss, J* Randomized CHF Prazosin Captopril 19 (m) From 48 to 74 18 2 (cross-over
1985 cross-over trial Mean 62 at 1 month)
Kirlin, P34 RCT CHF Trimazosin Placebo 9 8 499 51+11  Not reported 6
1985

(a) The tamsulosin mon group age was 66.2 + 7.00 years. The tamsulosin and doxazosin association group age was 66.0 + 7.05 years.

(b) The tamsulosin 0.4 mg OCAS group age was 64.7 + 8.3 years (360 patients). The tamsulosin 0.8 mg OCAS group age was 64.6 + 8.1 years (722 patients). The tamsulosin 0.4 mg MR group age
was 64.7 + 8.3 years (709 patients). The placebo group age was 64.9 + 7.9 years (356 patients). This information was related to the ones who received at least one dose of medication and reported
post-baseline safety information.

(c) 36 patients were randomized, although only in the 29 patients (13 in the urapidil group and 16 in the placebo group) who completed the study was reported LVEF data.

(d) 24 patients were randomized, although only in the 17 patients [10 (7 men) in the prazosin + enalapril group and 7 (5 men) in the placebo + enalapril group] who completed the study was reported
age (49 £ 15 years and 53 £ 9 years, respectively) and ED data.

(e) 30 patients entered the study, although only in the 26 patients (15 in the doxazosin + metoprolol group and 11 in the metoprolol mon group) who completed the long-term study was reported LVEF
data.

(f) The hydralazine and isosorbide dinitrate group mean age was 58.3 years (186 patients). The placebo group mean age was 58.5 years (273 patients).
(g) 22 patients were randomized, although only in 18 patients (9 in prazosin group and 9 in placebo group) was reported ED data.

(h) 25 patients were randomized, although only 23 patients comprised the subject of this report. Within the latter, the prazosin group (11 patients) age was 50 + 14 years, and the placebo group (12
patients) age was 53 + 13 years.

(i) The study population encompassed 27 patients [10 men; mean age 58 years (41 to 79 years)], although only 23 patients were randomized.

() Within the doxazosin group, 27 patients received a placebo juice (age 54.9 + 13.8 years) and 16 patients an active juice (age 58.4 + 14.7 years). Within the spironolactone group, 20 patients
received a placebo juice (age 58.2 + 9.9 years) and 24 patients an active juice (age 57.1 + 13.2 years).
(k) The doxazosin 4 mg/d group (6 patients) age was 57.7 + 11.2 years. The doxazosin 8 mg/d group (9 patients) age was 67.0 + 7.8 years.

() 1195 men (22% in the A1B group, age 71.5 + 4.7 years; 78% in the non-A1B group, age 72.9 + 5.4 years) and 1910 women (8% in the A1B group, age 71.8 + 4.9 years; 92% in the non-A1B group,
age 72.7 £ 5.6 years) were enrolled in the cohort of hypertensive patients. 930 men (5% in the A1B group, age 72.8 + 5.0 years; 95% in non-A1B group, age 72.8 + 5.7 years) were enrolled in the
cohort of normotensive patients.

(m) 19 patients were randomized, although only 16 patients completed the study

Table 1 — Baseline characteristics of included studies.
RCT randomized controlled trial; CHF chronic heart failure; LUTS lower urinary tract symptoms; AHT arterial hypertension; DMII diabetes mellitus type Il; A1B adrenergic alpha-1 receptor antagonist;
mon monotherapy; OCAS oral controlled absorption system; MR modified release formulation; SD standard deviation; Dox doxazosin; LVEF left ventricular ejection fraction; ED exercise duration.
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AHFE events

We found sixteen studies comparing A1Bs with other medications and/or placebo and
reporting on AHF events, which reached 25998 cases in total. Analysis of the thirteen RCTs
included showed a significantly higher odds of AHF among the A1B group (pooled OR 1.78
[1.46, 2.16] 95% CI, p<0.00001, i? 2%, Fig. 3A). On the other hand, a sub-analysis featuring
the nine RCTs which included only CHF patients did not show a statistically significant
difference between groups in this outcome (pooled OR 1.13 [0.66, 1.92] 95% CI, p=0.66, i
0%, Fig. 3B). Furthermore, when considering only patients with LVEF below normal [both
HFrEF and HF with mid-range ejection fraction (HFmrEF), that is, a LVEF lower than 50%],
the joint analysis of six RCTs also failed to reveal a statistically significant difference between
study groups, as far as AHF events are concerned (pooled OR 1.01 [0.50, 2.05] 95% CI,
p=0.97, i2 6%, Fig. 3C).
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Alpha-1 Blocker Control Odds Ratio Odds Ratio
Study or Subgroup Events Te Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI A
Aronow 1977 1 8 0 8 0.3% 3.40[0.12, 96.70] 1977
Weber 1980 1 10 2 13 0.6% 0.61[0.05, 7.88] 1980
Colucci 1980 0 10 2 12 0.4% 0.20[0.01, 4.69] 1980
Higginbotham 1983 1 11 3 11 0.7% 0.27 [0.02, 3.08] 1983 _
Markham 1983 1 13 0 12 0.4% 3.00[0.11, 80.95] 1983
Cohn (V-HeFT 1) 1986 15 183 29 459 8.6% 1.32[0.69, 2.53] 1986 -
Leier 1987 3 11 2 10 0.9% 1.50[0.20, 11.54] 1987
DiBianco 1991 0 36 3 37 0.4% 0.14[0.01, 2.71] 1991
Dorszewski 1997 2 18 1 18 0.6% 2.13[0.18, 25.78] 1997
Furberg (ALLHAT) 2003 584 9061 546 15255 82.8% 1.86 [1.65, 2.09] 2003 -
Chapple 2005 1 1795 0 357 0.4% 0.60 [0.02, 14.70] 2005
Kario (JMS-1) 2008 6 308 0 303 0.5% 13.04 [0.73, 232.55] 2008
Roehrborn (CombAT) 2010 24 3221 4 1623 3.4% 3.04 [1.05, 8.77] 2010
Total (95% Cl) 14685 18118 100.0% 1.78 [1.46, 2.16] &
Total events 639 592
ity: 2= . Chiz = = = .2 = 29 } + + +
Heterogeneity: Tau? = 0.01; Chi? = 12.29, df = 12 (P = 0.42); I? = 2% 0005 200

Test for overall effect: Z = 5.68 (P < 0.00001)
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Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Aronow 1977 1 8 0] 8 2.6% 3.40[0.12, 96.70] 1977
Colucci 1980 0 10 2 12 2.9% 0.20[0.01, 4.69] 1980
Weber 1980 1 10 2 13 4.4% 0.61[0.05, 7.88] 1980
Higginbotham 1983 1 11 3 11 4.8% 0.27 [0.02, 3.08] 1983
Markham 1983 1 13 0] 12 2.6% 3.00[0.11, 80.95] 1983
Cohn (V-HeFT 1) 1986 15 183 29 459 68.1% 1.32[0.69, 2.53] 1986 —i—
Leier 1987 3 11 2 10 6.9% 1.50 [0.20, 11.54] 1987 —
DiBianco 1991 0 36 3 37 3.2% 0.14[0.01, 2.71] 1991
Dorszewski 1997 2 18 1 18 4.6% 2.13[0.18, 25.78] 1997
Total (95% CI) 300 580 100.0% 1.13 [0.66, 1.92]
Total events 24 42
Heterogeneity: Tau? = 0.00; Chi? = 6.02, df = 8 (P = 0.64); I> = 0% + t 1 t t
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Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI C
Colucci 1980 0 10 2 12 4.8% 0.20 [0.01, 4.69] 1980
Higginbotham 1983 1 11 3 11 7.9% 0.27 [0.02, 3.08] 1983
Markham 1983 1 13 0] 12 4.4% 3.00[0.11, 80.95] 1983
Cohn (V-HeFT 1) 1986 15 183 29 459 69.9% 1.32[0.69, 2.53] 1986 —i—
DiBianco 1991 0] 36 3 37 5.3% 0.14[0.01, 2.71] 1991
Dorszewski 1997 2 18 1 18 7.6% 2.13[0.18, 25.78] 1997
Total (95% CI) 271 549 100.0% 1.01 [0.50, 2.05]
Total events 19 38 ) )
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Figure 3 — AHF events — RCTs:
A — Unselected patients; B - CHF patients; C - HFrEF patients.

AHF acute heart failure; RCTs randomized controlled trials;

CHF chronic heart failure; HFrEF heart failure with reduced ejection fraction.
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All-cause and CV mortality

There were thirteen studies reporting on the number of deaths in each group during
follow-up. Ten articles were RCTs and our joint analysis of these did not unveil a statistically
significant difference regarding all-cause mortality between the A1B and the non-A1B groups
(pooled OR 1.10 [0.84, 1.43] 95% CI, p=0.48, i2 17%, Fig.4A). Moreover, when sub-analysing
eight RCTs featuring only CHF patients, a similar trend was observed (pooled OR 1.09 [0.53,
2.23] 95% Cl, p=0.81, i 17%, Fig. 4B).

Moreover, we identified ten studies that discriminate which patients died from CV
causes in each group, eight of them being RCTs. In these, A1B and non-A1B groups also did
not behave differently as far as CV mortality is concerned (pooled OR 0.95 [0.47, 1.91] 95%
Cl, p=0.88, i? 17%, Fig. 4C). In addition, a sub-analysis encompassing the seven RCTs
especially directed towards CHF patients was also not able to identify statistically significant
differences regarding this outcome (pooled OR 0.70 [0.21, 2.31] 95% CI, p=0.56, i? 21%, Fig.
4D).

Of note, in Markham,?® Higginbotham?’ and Kukin?? trials, sudden death cases were
reported without undoubtedly establishing if they were due to CV or non-CV aetiology. In this
position, we felt justified to include these events in our CV mortality outcome. Additionally, Ajayi
et al. (1996)2% reported one sudden death event, though not specifying in which study arm it
occurred, thus resulting in its exclusion from this analysis. However, by adding this event, there

was a total of 33567 all-cause deaths, of which 955 were CV in nature.
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Alpha-1 Blockers Control Odds Ratio Odds Ratio A

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Aronow 1977 1 8 0 8 0.6% 3.40[0.12,96.70] 1977
Colucci 1980 0 10 2 12 0.7% 0.20 [0.01, 4.69] 1980
Higginbotham 1983 2 1 2 1 1.4% 1.00[0.11, 8.73] 1983
Markham 1983 1 13 4 12 1.2% 0.17 [0.02, 1.78] 1983 R
Cohn (V-HeFT 1) 1986 91 183 192 459 31.1% 1.38[0.98, 1.94] 1986 il
Leier 1987 1 11 0 10  0.6% 3.00[0.11, 82.40] 1987
DiBianco 1991 0 36 3 37  0.8% 0.14[0.01, 2.71] 1991
Dorszewski 1997 4 18 1 18 1.3% 4.86 [0.49, 48.57] 1997 ]
Furberg (ALLHAT) 2003 769 9061 1258 15255 61.1% 1.03[0.94, 1.13] 2003 |
Chapple 2005 2 1795 1 357 1.2% 0.40 [0.04, 4.39] 2005 D
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Cohn (V-HeFT 1) 1986 91 183 192 459 55.8% 1.38[0.98, 1.94] 1986 L
Leier 1987 1 11 0 10  43% 3.00[0.11, 82.40] 1987
DiBianco 1991 0 36 3 37 5.2% 0.14[0.01, 2.71] 1991
Dorszewski 1997 4 18 1 18 8.4% 4.86 [0.49, 48.57] 1997 ]
Total (95% CI) 290 567 100.0% 1.09 [0.53, 2.23]
Total events 100 204
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Aronow 1977 1 8 0 8 4.1% 3.40[0.12,96.70] 1977
Colucci 1980 0 10 2 12 4.6% 0.20 [0.01, 4.69] 1980
Higginbotham 1983 1 11 2 11 6.7% 0.45[0.03, 5.84] 1983
Markham 1983 1 13 4 12 7.7% 0.17 [0.02, 1.78] 1983 -
Leier 1987 1 1 0 10 4.2% 3.00[0.11, 82.40] 1987
DiBianco 1991 0 36 3 37 5.0% 0.14[0.01, 2.71] 1991
Dorszewski 1997 4 18 1 18 8.1% 4.86 [0.49, 48.57] 1997 -
Furberg (ALLHAT) 2003 377 9061 551 15255 59.7% 1.16 [1.01, 1.32] 2003
Total (95% CI) 9168 15363 100.0% 0.95 [0.47, 1.91]
Total events 385 563
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Alpha-1 Blocker Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI D
Aronow 1977 1 8 0 8 10.7% 3.40[0.12,96.70] 1977
Colucci 1980 0 10 2 12 11.8% 0.20[0.01, 4.69] 1980
Higginbotham 1983 1 11 2 11 16.4% 0.45[0.03, 5.84] 1983 -
Markham 1983 1 13 4 12 18.4% 0.17[0.02, 1.78] 1983 "
Leier 1987 1 11 0 10 10.8% 3.00[0.11, 82.40] 1987
DiBianco 1991 0 36 3 37 12.8% 0.14[0.01, 2.71] 1991 bl
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Figure 4 — Mortality — RCTs:
All-cause mortality: A — Unselected patients; B — CHF patients;
CV mortality: C — Unselected patients; D — CHF patients.

RCTs randomized controlled trials; CHF chronic heart failure; CV cardiovascular.
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ACS events

Seven studies, all of them RCTSs, reported 1325 events of ACS. Their conjoint analysis

did not reveal a statistically significant difference between groups in this outcome (pooled OR
1.02 [0.91, 1.15] 95%, p=0.71, i? 0%, Fig. 5A). Furthermore, a sub-analysis of four articles

including only CHF patients also did not report a meaningful variation in ACS events between
the A1B and the non-A1B arms (pooled OR 0.49 [0.10, 2.47] 95% CI, p=0.39, i 0%, Fig. 5B).

Alpha-1 Blocker Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI A
Aronow 1977 1 8 0 8 0.1% 3.40[0.12,96.70] 1977
Colucci 1980 0 10 1 12 0.1% 0.37[0.01, 9.98] 1980
Markham 1983 0 13 1 12 0.1% 0.28[0.01,7.67] 1983
DiBianco 1991 0 36 2 37 0.1% 0.19[0.01, 4.20] 1991
Furberg (ALLHAT) 2003 499 9061 818 15255 99.2% 1.03[0.92, 1.15] 2003 .
Chapple 2005 1 1795 0 357 0.1% 0.60[0.02, 14.70] 2005
Kario (JMS-1) 2008 0 308 2 303 0.1% 0.20[0.01, 4.09] 2008
Total (95% CI) 11231 15984 100.0% 1.02 [0.91, 1.15] ]
Total events 501 824
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Figure 5 — ACS events — RCTs:
A — Unselected patients; B - CHF patients;

ACS acute coronary syndrome; RCTs randomized controlled trials; CHF chronic heart failure.

We chose to present, in the main paper, the analyses and the sub-analyses of the

dichotomic variables assessed (AHF, ACS, CV and all-cause mortality) considering only RCTs,

since we identified an elevated interstudy heterogeneity while jointly regarding RCTSs,

prospective non-randomized and retrospective studies, particularly for the AHF (i 88%) and

all-cause mortality (i> 59%) outcomes. The forest plots encompassing all study designs are

presented as appendices (appendix Il and III).
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LVEF change from baseline

We found four studies allowing for the input of mean LVEF change from baseline in

Al1B and non-Al1B groups, as well as their respective SDs, either by information directly

reported or through calculation. Their conjoint analysis showed no between-group statistically
significant difference in this outcome (pooled MD 1.66 [-2.18, 5.50] 95%, p=0.40, i? 58%, Fig.

6).

Alpha-1 Blocker Control

Mean Difference

Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI

Aronow 1979 5 59339 12 -1.8 58339 12 27.0%  6.80[2.0511.558] 1979  —
Kukin 1996 4 723 15 6 849311 11 201%  -2.00[-8.42 442 1996

Dorszewski 1997 42 11.7023 13 29 131039 16 13.0% 1.30[7.74,10.34] 1987

Matsui 2008 136 83185 112 122 83185 111 40.0% 0.14[-2.04,2.32] 2008

Total {95% CI) 152 150 100.0% 1.66 [-2.18, 5.50] L
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Figure 6 — LVEF change from baseline — All study designs:

Unselected patients.

LVEF left ventricular ejection fraction.

ED change from baseline

Four studies presented data from which it was possible to obtain the difference between

end of follow-up and baseline mean ED in both A1B and non-A1B groups, as well as their

corresponding SDs, either directly or indirectly. There was a statistically significant increase in

exercise tolerance, by means of ED, in seconds, in the A1B group when compared with
other(s) drug(s) and/or placebo (pooled MD 139.16 [65.52, 212.80] 95% CI, p=0.0002, i? 26%,

Fig. 7).
Alpha-1 Blocker Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Aronow 1977 156.6 101.5314 8 29.2 101.5314 8 34.5% 127.40 [27.90, 226.90] 1977 —
Aronow 1979 122.75 85.5323 12 7.85 855323 12 51.6% 114.90 [46.46, 183.34] 1979 -
Higginbotham 1983 89 240.0385 9 -104 195.2205 9 11.6% 193.00 [-9.14, 395.14] 1983 —
Ajayi 1996 793 494.8851 10 208 494.8851 7 2.3% 585.00[107.00, 1063.00] 1996 e —
Total (95% Cl) 39 36 100.0% 139.16 [65.52, 212.80] <
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Figure 7 — ED change from baseline — All study designs:

Unselected patients.

ED exercise duration.

Funnel plots of all analyses are presented as appendices (appendix IV to VIII).
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Discussion and Limitations

Based on our findings, A1B-treated patients, when compared with non-A1B-treated
ones: (i) exhibited a greater AHF risk in an unselected setting; (ii) showed similar odds of AHF
in a background of CHF; (iii) had a similar AHF event rate when the HFrEF context is
considered (iv) displayed an equivalent all-cause mortality in an unselected setting; (v) showed
a comparable all-cause mortality rate in a background of CHF; (vi) had similar CV mortality in
an unselected scenario; (vii) exhibited equivalent CV mortality in a CHF setting; (viii) showed
a comparable ACS risk in an unselected setup; (ix) displayed a similar ACS event rate if only
CHF patients are to be considered; (x) saw no significant change in LVEF; (xi) experienced an
increase in ED, surprisingly.

To the best of our knowledge, this is the first systematic review with meta-analysis that
focused on AHF odds in patients treated with A1B as opposed to patients treated with other

drug(s) and/or placebo.

HF

Our findings, namely the ones addressing an unselected patient population in whom
AlBs were prescribed — which even featured scenarios in which A1Bs are currently
contraindicated? - state that these agents result in a 78% greater odds of AHF, which
corroborates the results noted in the ALLHAT study 3! [relative risk (RR) 1.80 [1.61, 2.02] 95%
Cl, congestive HF fatal, hospitalized and treated]. In fact, this trial yielded a rather
disproportional weight in the corresponding forest plot. Furthermore, Kieback et al. (2005)%*
suggested that doxazosin might exert deleterious effect after twelve weeks of treatment, since
by that period only the placebo group demonstrated a sustained benefit on hemodynamic
measures. Likewise, in Bayliss et al. (1985),!! eight patients deteriorated, five improved and
three remained unchanged while under prazosin treatment, whereas none deteriorated, fifteen
improved and one remained unchanged while under captopril, after one month of treatment
with each drug, suggesting a clinical benefit of the inhibition of the renin-angiotensin-
aldosterone system but not of the alpha-adrenergic system, despite both of them being majorly
overactivated in CHF.° Moreover, while studying the patient cohort of the Cardiovascular
Health Study, Bryson et al. (2004)% also lend support to an increase in AHF risk in
hypertensive patients treated with A1B monotherapy, as compared with patients treated with
thiazide monotherapy [hazard ratio (HR) 1.90 [1.03, 3.50] 95% CI, adjusted by age], even
though adjustment for systolic blood pressure reverted statistical significance (HR 1.31 [0.67,

2.56] 95% CI). In addition, this study?! also suggested that hypertensive patients treated with
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two or more drugs to reduce blood pressure, one of which being an A1B, did not display an
additional risk of AHF when compared with a multi-antihypertensive regimen with no A1B
agent. Besides, in normotensive men - presumably treated with A1Bs for LUTS — a similar
trend seems to apply. On a same note, Dhaliwal et al. (2009)% indicated that A1Bs, employed
primarily for LUTS, were not linked with a significant rise in AHF events through HF
rehospitalizations (HR 1.20 [0.85, 1.70] 95% CI, adjusted by age, LVEF, previous HF
hospitalization, NYHA class, history of renal insufficiency, ventricular ectopy, admission
systolic and diastolic blood pressure and admission heart rate). However, when considering
only the patients left without beta-blocker background therapy - a class of drugs with a known
favourable prognostic impact in HFrEF -,241-%5 a higher AHF event rate (HR 1.94 [1.14, 3.32]
95% CI) was identified in the AlB-treated arm. Spoladore and co-workers® reported no
association whatsoever between doxazosin and HF hospitalization, even when adjusting to a
wide panel of possible confounding variables. In turn, Chapman et al. (2008)* also stated that
doxazosin does not contribute to an excess in HF events, both during administration and after
drug discontinuation [rate ratio 1.17 [0.92, 1.49] 95% CI, p=0.20, in person-years], when
compared with non-doxazosin users. Even more surprising findings were reported by
Jackevicius et al. (2018),'? since, in their study, besides the fact that unselected patients
treated with A1Bs and with no beta-blocker background therapy showed no increase in HF
rehospitalization (HR 0.95 [0.90, 1.00] 95% CI), in the propensity score matched cohort, A1Bs
were even associated with a reduction in this outcome (HR 0.95 [0.92, 0.97] 95% CI). Even
though apparently at odds with the ALLHAT?! study, a reinterpretation of the latter might skew
the discordance. In fact, Chen et al. (2015),%¢ in a meta-analysis, defended that the seemingly
higher risk of AHF in the doxazosin arm of the ALLHAT®3! trial was not primarily caused by a
deleterious effect of the drug, but rather by a cardioprotective effect arising from chlortalidone.
In fact, a letter*’ to the editor claimed that, since chlorthalidone promotes diuresis and sodium
excretion, that may contribute positively for the treatment of HF symptoms (namely those
associated with congestion) or, at very least, for its masking*, which might have led to reduced
therapy intensity or even HF admissions. Moreover, Kjeldsen,* in another letter to the editor,
suggested that doxazosin was titrated more slowly than chlorthalidone, ending up achieving a
rather suboptimal dose, a finding which is in line with the report that most of the AHF events in
the doxazosin group occurred in the first year of follow-up. In this regard, it is interesting to
note that, in the ALLHAT trial, blood pressure was 3 mmHg higher in the doxazosin arm, which
could have single-handedly justified the difference in AHF risk between both groups.*” This
theory was, however, apparently refuted by a sub-analysis of the trial,*° in which data derived
from the 2000 ALLHAT report® was used, which came to demonstrate that adjusting for
baseline and follow-up systolic and diastolic blood pressure produced no significant
modification in the between-group AHF odds (RR 2.00 [1.76, 2.28] Cl 95%). In addition, yet
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another letter®! postulated that the decision to prematurely discontinue the doxazosin arm in
the ALLHAT trial was well-founded, since despite decreasing blood pressure, doxazosin offers
reduced benefits in terms of general and major CV outcomes when compared to
chlorthalidone. Apparently reconciling the afford mentioned arguments, and while regarding
the CHF setting only — that is, excluding the ALLHAT3! study from the analysis, for instance -
our findings revealed a neutral effect of A1Bs towards decompensation risk.

All in all, it should be noted that ESC currently contraindicates A1Bs in the specific
HFrEF setup.? Therefore, we managed to investigate these patients as well: an analysis
expressly directed towards articles in which all patients presented LVEF lower than 50%
(HFrEF and HFmrEF) revealed a non-statistically significant modification in AHF odds. This
result seems to suggest that the greater AHF risk in an unselected population taking A1Bs
was, in fact, driven by those at lower risk, namely the ones with LUTS or AHT. This is, of
course, in sharp contrast with the ESC recommendation. This way, new studies are needed to

ultimately clarify the impact of A1Bs in the natural history of HF.

All-cause and CV mortality

Our results regarding the impact of A1B treatment on all-cause mortality reinforced the
ALLHAT?® findings, which pointed towards a neutral effect (RR 1.03 [0.94, 1.13] 95% CI). On
the other hand, as far as CV mortality is concerned, the two studies appear to disagree with
one another, since the latter revealed a small but significant increase in this outcome (RR 1.15
[1.01, 1.32] 95% CI) and the former showed no relevant difference. A clear contrast might also
be detected between our own study and the one from Jackevicius et al. (2018),? since, in the
latter, A1Bs proved themselves to be able to reduce death by all causes, not only in a
propensity score matched-cohort (HR 0.93 [0.91, 0.94] 95% CI), but also in an unselected
AlB-treated population sample without beta-blocker background therapy (HR 0.93 [0.90, 0.96]
95% CI). In line with our results, Dhaliwal et al. (2009)% found that A1Bs did not contribute to
a significant increase in all-cause mortality (HR 1.10 [0.78, 1.56] 95% CI, adjusted by age,
LVEF, previous HF hospitalization, NYHA class, history of renal insufficiency, ventricular
ectopy, admission systolic and diastolic blood pressure and admission heart rate), which held
true when only a beta-blocker untreated subgroup was considered (HR 1.12 [0.67, 1.89] 95%
Cl). In addition, Spoladore et al. (2009)* also reported a neutral effect of doxazosin therapy
on all-cause mortality (HR 0.39 [0.03, 5.76] 95% CI, p=0.50, when adjusting for age, sex,
NYHA at baseline, heart rate at baseline and beta-blocker use). Finally, Bryson and co-

workers?! studied a cohort of hypertensive patients in whom a non-statistically significant CV
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mortality effect attributed to the A1B class was also demonstrated (HR 0.92 [0.32, 2.69] 95%
Cl, adjusted by age).

All in all, this apparently insignificant ability of A1Bs to modify all-cause death might
concur to diminish our own finding of an increase in AHF odds in an unselected population,

since this syndrome is well-known for its elevated in-hospital fatality rate.®

CS

As for the ACS event rate, our findings corroborated those of the ALLHAT?! study, in
which a similar risk was found between the A1B-treated and the non-A1B-treated patients (RR
1.03 [0.92, 1.15] 95% CI). Moreover, Bryson et al. (2004),%* when evaluating their cohort of
hypertensive patients, also supported these results, suggesting no influence of A1Bs on the
natural history of coronary artery disease, namely in myocardial infarction risk (HR 0.81 [0.28,
2.31] 95% CI, adjusted by age).

The striking concordance among studies concurs to postulate that Al1B
pharmacological class is unable to influence the atherosclerotic process, either by plaque

progression or erosion/rupture.

A major limitation detected when evaluating LVEF change from baseline was that only
four of the ten studies in which MDs were directly or indirectly reported were able to be
incorporated in our specific forest plot. Nevertheless, all the unemployed studies provided data
rich enough to merit discussion. Firstly, a study by DiBianco et al. (1991)%* revealed a
numerically higher increase in LVEF in the doxazosin-treated group, when compared with the
placebo-treated group, despite failing statistically significance. In addition, in the V-HeFT I*®
study, which compared LVEF changes from baseline between the prazosin and the placebo-
treated arms, a non-significant increment was also revealed. Furthermore, Markham et al.
(1983)%® RCT also did not disclose a meaningful difference in left ventricular global systolic
function between prazosin and placebo. However, all these results seemed to be contradicted
by the findings of Colucci,?®in whose study a significant increase in LVEF in the groups taking
prazosin was revealed (p<0.01), as opposed to the ones randomly assigned to a placebo
intervention, in whom LVEF remained approximately constant. Likewise, Kirlin et al. (1986),%°
using trimazosin in a randomized fashion, also reported a meaningful rise in left ventricular
systolic function in the active group while no significant difference in this regard was detected

in the placebo arm. In parallel, in an observational study, Spoladore et al. (2009)*2 pointed to
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a higher end-of-study LVEF in the group of patients managed with A1B, even though a similar
finding was already present at baseline. Beyond these six studies, two additional ones
managed to compare LVEF dynamics between the A1B and the placebo arms, despite doing
so without MD measurement. The most recent of these is a sub-analysis of the VaSera®? RCT,
published by Faconti et al. (2019),%® which exhibited a neutral effect of doxazosin, when
compared to spironolactone, on LVEF modification, through a statistical model that presented
data as least square mean change (least square mean 0.21 [-0.88, 1.29] 95% CI). The other
paper is a RCT by Higginbotham and co-workers,?” in which LVEF change from baseline was
evaluated at one, three and six months, ultimately revealing a meaningful increase in the
prazosin-treated patients in the first two measurements (p-values =0.011 and =0.010,
respectively; p-values were considered significant if <0.0167), although not in the last one. The

placebo arm showed an unchanged LVEF during follow-up.

It should be noted that, in some of the studies, statistical analyses were primarily
directed towards longitudinal intra-group LVEF changes from baseline, that is, not directly
comparing between-group MDs. That was the case in Higginbotham,?” Colucci?® and Kirlin3*
papers. Furthermore, another potential setback in LVEF evaluation is the high likelihood of
missing data bias, since some of the articles left unconsidered for this specific forest plot - by
lack of indispensable quantitative data reported - apparently revealed results that stand in
sharp contrast with ours. In addition, our analysis showed an elevated inter-study
heterogeneity (i? 58%), which was not possible to overcome by just employing RCTs, since
only two of these studies'®® were found among the literature. Due to these limitations,

conclusions drawn based on our findings must be taken into account with caution.

Exercise Tolerance

Just as in the latter endpoint, MDs of ED change from baseline were able to be obtained
in seven articles, even though only four of them reported data complete enough for forest plot
inclusion. Moreover, in this case as well, not all seven studies appear to bring forth a
concordant finding. Nevertheless, our analysis revealed a somewhat unexpected increase in
exercise tolerance in the AlB-treated group, when compared with the non-A1B arm. This
increment in ED was estimated as 139.16 seconds, in mean. As for the unconsidered studies,
Markham and co-authors?® did not disclose a statistically significant difference in final ED
between the prazosin and the placebo groups. Similarly, in a paper by Kirlin,** a meaningful
positive effect of trimazosin on ED, as compared with placebo, was also not confirmed.
Furthermore, DiBianco and coleagues® also failed to uncover a significant difference between

ED change from baseline between patients under either doxazosin or placebo.
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The non-significant findings reported by the aforementioned unconsidered studies were
able to be reproduced elsewhere. For instance, even more striking findings were established
in Bayliss et al. (1985)** study, in which the prazosin-treated group exhibited a non-meaningful
increase in ED (MD 42s [-342, 420] 95% CI), whereas the captopril-treated patients
experienced a significant improvement in exercise time (MD 372s [180, 570] 95% ClI,
p=0.0012). Moreover, Leier et al. (1987)% results were also rather unforeseen: on one hand,
they showed a non-meaningful influence of indoramin on ED and, on the other, a small but
significant increase in ED in the placebo group was detected. On the contrary, a Colucci et al.
(1980)?8 paper postulated a substantial improvement in ED in the prazosin-treated patients
(p<0.003) and a neutral effect on the same variable by placebo. Likewise, Weber et al. (1980)%
revealed a sustained increase in ED in the group assigned to trimazosin, an effect which was

not reproduced in the placebo arm.

Beyond maximum ED change from baseline, exercise tolerance was also assessed, in
some studies, through a six-minute walk test. Within these, a Dorszewski and co-workers™®
paper revealed a neutral effect of urapidil, when compared with placebo. Diversely, Kukin et
al. (1996)22 showed that both the association of doxazosin and metoprolol and metoprolol
monotherapy resulted in a significant increase in the covered distance. Furthermore, Ajayi et
al. (2003)** postulated a substantial distance increment with various therapeutic regimens,
namely an association of prazosin and enalapril, an association of atenolol and enalapril and
enalapril monotherapy (F=5.36, p<0.001), even though with no statistically significant

differences between them.

As described previously, particularly for the LVEF endpoint, in some
studies,10:11:22.28.29.34.36 gtatistical analyses targeted only longitudinal time or distance variations
within the same group, thus differing from our selected approach, which featured between-
group MDs. Lastly, since some of the studies not considered for our quantitative analysis
displayed different findings from the ones we obtained through direct evaluation of ED MDs,
our conclusions might, once again, be hindered by missing data bias, thus assumptions based
on them should not be made lightly.

Since ED might represent an indirect measure of quality of life, it seems conceivable
for A1B therapy to contribute to its improvement, even though potentially increasing AHF risk.

This hypothesis should, however, be the object of future studies.
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Future perspectives

Our primary outcome analysis, while encompassing an unselected setup, endorsed the
ALLHAT®®! trial findings. However, the different results obtained while considering only CHF
and HFrEF patient subgroups, coupled with an apparent neutral effect of A1Bs in all-cause
and CV mortality, seem to justify the need for a new large outcome-driven RCT. Ideally, this
should follow a placebo-controlled design. However, if this comparator is impossible to obtain
or judged inappropriate, a control substance with no cardioprotective effect (for instance no
thiazide-like diuretics)*® should be applied so as not to overshadow the real effect of the active
drug. This research would be of major interest, since the two clinical entities - LUTS and AHT
- from which the apparent increase in AHF risk might stem from are highly prevalent.>’
Besides, AlBs are widely regarded as a first-line therapeutic approach in male patients
suffering from the former,® while the main clinical complication of the latter is precisely AHF®3,

In addition, since ED might represent an indirect measure of quality of life, it seems
conceivable for A1B therapy to contribute to its improvement, even though potentially
increasing AHF risk. This hypothesis should, however, be the object of future studies, this time

directed towards softer endpoints.

Limitations

First, as depicted in our supplementary appendix, our search equation encompassed
only studies that were designed as to consider HF as either a clinical indication or an outcome,
given the fact that an acute event of this syndrome represented our primary endpoint. However,
this approach might have led to the omission of studies potentially reporting outcomes as all-
cause and CV mortality, ACS, and LVEF and ED dynamics, hailed as secondary endpoints in

our article.

Furthermore, in accordance with what was already anticipated by us, the inclusion of
prospective non-randomized and retrospective studies in our forest plots resulted in an
elevated interstudy heterogeneity, thus justifying our decision to relegate these analyses to the
supplementary appendix. For instance, while encompassing all study designs, our primary
endpoint (AHF) was finally met with an i of 88%. Moreover, following the same methodology,
the evaluation of such a strong and unbiased outcome as all-cause mortality reached an i? of
59%. In turn, continuous variables were also found not to be safe from this issue, as, for
example, the LVEF analysis revealed an i?as high as 58%. This assumed predilection for RCT
inclusion led us to somewhat undermine the Jackevicius et al. (2018)!? article, the large

retrospective cohort whose results raised the main question of this systematic review and
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meta-analysis. Additionally, a relative paucity of RCTs addressing CV outcomes or even
surrogate measures specifically in patients with LUTS and AHT (two for each disease)314.2531
prevented us from analysing these subgroups this way, as three studies were deemed
necessary to produce a specific forest plot. In turn, a sub-analysis featuring only AHT patients
encompassing RCTs as well as non-randomized prospective and retrospectives studies is
included in the appendix, despite exhibiting an elevated interstudy heterogeneity (i? 93%).

Moreover, as previously stated, it was somewhat hard to pool SDs of MDs of LVEF and
ED, which might have led to missing data bias. In fact, this issue also stopped us from going
as further as to extend the span of our attention to other outcomes, such as NYHA class and
weight dynamics, since, once again, less than three articles would be able to be featured in
each variable potential forest plot.

In addition, whenever the ALLHAT3! study was employed in our analyses, its relative
weight was somewhat dominant, being even superior to the influence exerted by all the other
RCTs combined.

Lastly, the definition of HF has revealed itself arguably dynamic. So, in our article, in
which a large time gap between the publication date of the first and the last study meeting
eligibility criteria exists, an AHF adjudicated as an event of interest in one trial may not be

considered so in another one.1531
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Conclusion

Al1Bs do seem to increase the likelihood of an AHF event, although not at the expense
of patients with established CHF. In fact, even the high-risk HFrEF subgroup appear safe from
this pharmacological class effect. On the other hand, those at lower risk (e.g., patients with
LUTS and AHT) were found to single-handedly drive the increase in AHF odds. The impact of
Al1Bs on other CV outcomes emerged as neutral, except for exercise tolerance, in which a
surprising increment was detected. A new clinical trial comparing A1B-treated patients with

placebo controls, appears necessary to finally settle these ambiguities.

Impact on daily practise

Our results are at odds with 2016 ESC HF guidelines, which contraindicated A1Bs as
antinypertensives in patients with HFrEF,2 and thus may prove insightful for future

recommendations.
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Appendices

Pub

Med Search Date: 29/11/2020

#1

Search: ("Adrenergic alpha-Antagonists"[Mesh] OR "Adrenergic alpha Receptor Antagonists" OR
"alpha-Adrenergic Receptor Blockaders" OR "alpha Adrenoceptor Blockade" OR "Adrenergic alpha-
Blockers" OR "alpha-Adrenergic Blocking Agents" OR "alpha-Adrenoceptor Blocking Agents" OR
"Doxazosin"[Mesh] OR "Tamsulosin"[Mesh] OR "Terazosin" OR "Alfuzosin® OR "Silodosin" OR
"Prazosin"[Mesh] OR "Indoramin"[Mesh] OR "Urapidil" OR "Naftopidil" OR "Trimazosin" OR
"Bunazosin") AND ("Heart Failure"[Mesh] OR "Cardiac Failure" OR "Myocardial Failure" OR "Heart
Decompensation” OR "Cardiac Decompensation” OR "Myocardial Decompensation® OR "Heart
Insufficiency” OR "Cardiac Insufficiency" OR "Myocardial Insufficiency") Filters: Clinical Study, Clinical
Trial, Clinical Trial Protocol, Clinical Trial, Phase I, Clinical Trial, Phase Il, Clinical Trial, Phase lll, Clinical
Trial, Phase IV, Comparative Study, Controlled Clinical Trial, Journal Article, Letter, Multicenter Study,
Observational Study, Pragmatic Clinical Trial, Randomized Controlled Trial, Humans, English,
Portuguese, Spanish, MEDLINE Sort by: Publication Date

424

Coc

hrane Central Register of Controlled Trials Search Date: 29/11/2020

#1

("Adrenergic alpha-Antagonists" OR "Adrenergic alpha Receptor Antagonists" OR "alpha-Adrenergic
Receptor Blockaders" OR "alpha Adrenoceptor Blockade" OR "Adrenergic alpha-Blockers" OR "alpha-
Adrenergic Blocking Agents" OR "alpha-Adrenoceptor Blocking Agents" OR "Doxazosin" OR
"Tamsulosin" OR "Terazosin" OR "Alfuzosin" OR "Silodosin" OR "Prazosin" OR "Indoramin" OR
"Urapidil" OR "Naftopidil" OR "Trimazosin" OR "Bunazosin") AND ("Heart Failure" OR "Cardiac
Failure" OR "Myocardial Failure" OR "Heart Decompensation" OR "Cardiac Decompensation" OR
"Myocardial Decompensation” OR "Heart Insufficiency" OR "Cardiac Insufficiency" OR "Myocardial
Insufficiency") in All Text

203

Web of Science Core Collection Search

Date: 29/11/2020

#1

ALL FIELDS: (("Adrenergic alpha-Antagonists® OR "Adrenergic alpha Receptor Antagonists" OR "alpha-
Adrenergic Receptor Blockaders" OR "alpha Adrenoceptor Blockade" OR "Adrenergic alpha-Blockers" OR
"alpha-Adrenergic Blocking Agents® OR "alpha-Adrenoceptor Blocking Agents® OR "Doxazosin" OR
"Tamsulosin" OR "Terazosin" OR "Alfuzosin" OR "Silodosin" OR "Prazosin" OR "Indoramin" OR "Urapidil"
OR "Naftopidil" OR "Trimazosin" OR "Bunazosin”) AND ("Heart Failure" OR "Cardiac Failure" OR "Myocardial
Failure" OR "Heart Decompensation" OR "Cardiac Decompensation" OR "Myocardial Decompensation" OR
"Heart Insufficiency” OR "Cardiac Insufficiency” OR "Myocardial Insufficiency")) Refined by: LANGUAGES: (
ENGLISH OR SPANISH ) AND DOCUMENT TYPES: (ARTICLE OR PROCEEDINGS PAPER OR LETTER OR
EARLY ACCESS ) Timespan: All years. Indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-

S, BKCI-SSH, ESCI, CCR-EXPANDED, IC.

403

Appendix | — Search Equation.
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Alpha-1 Blocker Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI A
Aronow 1977 1 8 0 8 1.1% 3.40[0.12,96.70] 1977
Colucci 1980 0 10 2 12 1.3% 0.20[0.01, 4.69] 1980
Weber 1980 1 10 2 13 1.9% 0.61[0.05, 7.88] 1980
Higginbotham 1983 1 11 3 1 2.0% 0.27 [0.02, 3.08] 1983 —
Markham 1983 1 13 0 12 1.2% 3.00[0.11, 80.95] 1983
Cohn (V-HeFT 1) 1986 15 183 29 459 12.7% 1.32[0.69, 2.53] 1986 T
Leier 1987 3 11 2 10 2.8% 1.50[0.20, 11.54] 1987 ]
DiBianco 1991 0 36 3 37 1.4% 0.14[0.01, 2.71] 1991
Dorszewski 1997 2 18 1 18 2.0% 2.13[0.18, 25.78] 1997
Furberg (ALLHAT) 2003 584 9061 546 15255 20.4% 1.86 [1.65, 2.09] 2003 -
Chapple 2005 1 1795 0 357 1.2% 0.60 [0.02, 14.70] 2005
Chapman 2008 168 11768 115 7489 19.2% 0.93[0.73, 1.18] 2008 -
Kario (JMS-1) 2008 6 308 0 303 1.5% 13.04 [0.73, 232.55] 2008
Spoladore 2009 1 52 8 122 2.7% 0.28 [0.03, 2.29] 2009 O
Roehrborn (CombAT) 2010 24 3221 4 1623  7.6% 3.04[1.05,8.77] 2010 -
Jackevicius 2018 12047 35713 12428 35713 20.9% 0.95[0.92, 0.98] 2018 -
Total (95% CI) 62218 61442 100.0% 1.21 [0.84, 1.75]
Total events 12855 13143
Heterogeneity: Tau? = 0.17; Chi? = 126.70, df = 15 (P < 0.00001); I* = 88% t f ' y f
Test fo?overzll effect: Z=1.01 (P =0.31) ( ) 0.005 01 L 10 200
Favours [Alpha-1 Blocker] Favours [control]
Alpha-1 Blocker Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI B
Aronow 1977 1 8 0 8 0.0% 3.40[0.12, 96.70] 1977
Colucci 1980 0 10 2 12 0.0% 0.20[0.01, 4.69] 1980
Weber 1980 1 10 2 13 0.0% 0.61[0.05, 7.88] 1980
Higginbotham 1983 1 11 3 11 0.0% 0.27 [0.02, 3.08] 1983
Markham 1983 1 13 0 12 0.0% 3.00[0.11, 80.95] 1983
Cohn (V-HeFT 1) 1986 15 183 29 459 0.2% 1.32[0.69, 2.53] 1986 1T
Leier 1987 3 1 2 10 0.0% 1.50[0.20, 11.54] 1987
DiBianco 1991 0 36 3 37 0.0% 0.14[0.01, 2.71] 1991
Dorszewski 1997 2 18 1 18 0.0% 2.13[0.18, 25.78] 1997
Spoladore 2009 1 52 8 122 0.0% 0.28 [0.03, 2.29] 2009 —
Jackevicius 2018 12047 35713 12428 35713 99.6% 0.95[0.92, 0.98] 2018 .
Total (95% CI) 36065 36415 100.0% 0.95 [0.93, 0.98] |
Total events 12072 12478
ity: 2 = ; Chiz= = = -2 = 0Y + t t }
s s Shene Loy OO D S N
. . : Favours [Alpha-1 Blocker] Favours [control]
Alpha-1 Blocker Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI C
Wright (ALLHAT) 2003 584 9061 546 15255 48.6% 1.86 [1.65, 2.09] 2003 u
Chapman 2008 168 11768 115 7489 46.5% 0.93[0.73, 1.18] 2008
Kario (JMS-1) 2008 6 308 0 303  4.9% 13.04 [0.73, 232.55] 2008
Total (95% Cl) 21137 23047 100.0% 1.48 [0.76, 2.90]
Total events 758 661
ity 2 = . i2 = = L2 = 0, 4 } } } 4
Heterogeneity: Tau? = 0.24; Chi? = 27.79, df = 2 (P < 0.00001); I = 93% 0005 o1 1 10 200

Test for overall effect: Z = 1.14 (P = 0.25)

Favours [Alpha-1 Blocker]

Appendix Il — AHF events — All study designs:

A — Unselected patients; B — CHF patients; C - AHT patients.

AHF acute heart failure; CHF chronic heart failure; AHT arterial hypertension.

Favours [control]

Note: In the retrospective cohort by Spoladore and co-workers® there were two deaths attributed to and nine readmissions

explained by AHF, even though it was not clearly stated that the two deceased patients were, in fact, included in the rehospitalized

subgroup. We assumed, for analysis purposes, that these two patients were, indeed, among those nine readmitted to hospital.
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Alpha-1 Blockers Control Odds Ratio Odds Ratio A

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Aronow 1977 1 8 0 8 0.3% 3.40[0.12,96.70] 1977

Colucci 1980 0 10 2 12 0.3% 0.20[0.01, 4.69] 1980

Markham 1983 1 13 4 12 0.6% 0.17[0.02, 1.78] 1983

Higginbotham 1983 2 11 2 11 0.7% 1.00 [0.11, 8.73] 1983

Cohn (V-HeFT 1) 1986 91 183 192 459  16.2% 1.38[0.98, 1.94] 1986 ™

Leier 1987 1 11 0 10 0.3% 3.00[0.11, 82.40] 1987

DiBianco 1991 0 36 3 37 0.3% 0.14 [0.01, 2.71] 1991

Kukin 1996 0 16 1 14 0.3% 0.27 [0.01, 7.25] 1996

Dorszewski 1997 4 18 1 18 0.6% 4.86 [0.49, 48.57] 1997 ]

Furberg (ALLHAT) 2003 769 9061 1258 15255 37.1% 1.03[0.94, 1.13] 2003 u

Chapple 2005 2 1795 1 357 0.5% 0.40 [0.04, 4.39] 2005

Spoladore 2009 4 52 8 122 1.9% 1.19[0.34, 4.13] 2009 ]

Jackevicius 2018 14930 35713 16289 35713 40.9% 0.86 [0.83, 0.88] 2018

Total (95% Cl) 46927 52028 100.0% 0.99 [0.83, 1.18]

Total events 15805 17761

Heterogeneity: Tau? = 0.02; Chi? = 29.15, df = 12 (P = 0.004); I = 59% t t ' y t

Test fo?over;,ll effect: Z=0.13 (P = 0.90) ( ) 001 0.1 1 10 100

Favours [Alpha-1 Blocker] Favours [Control]

Alpha-1 Blockers Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% ClI B

Aronow 1977 1 8 0 8 1.1% 3.40[0.12, 96.70] 1977

Colucci 1980 0 10 2 12 1.3% 0.20[0.01, 4.69] 1980

Higginbotham 1983 2 11 2 11 2.6% 1.00[0.11, 8.73] 1983

Markham 1983 1 13 4 12 2.2% 0.17[0.02, 1.78] 1983

Cohn (V-HeFT I) 1986 91 183 192 459  32.9% 1.38[0.98, 1.94] 1986 Tl

Leier 1987 1 11 0 10 1.1% 3.00[0.11, 82.40] 1987

DiBianco 1991 0 36 3 37 1.4% 0.14[0.01, 2.71] 1991

Kukin 1996 0 16 1 14 1.2% 0.27 [0.01, 7.25] 1996

Dorszewski 1997 4 18 1 18 2.3% 4.86 [0.49, 48.57] 1997 I

Spoladore 2009 4 52 8 122 7.0% 1.19[0.34, 4.13] 2009 -

Jackevicius 2018 14930 35713 16289 35713 47.0% 0.86 [0.83, 0.88] 2018

Total (95% CI) 36071 36416 100.0% 1.00 [0.70, 1.44]

Total events 15034 16502

\ , \
0.01 0.1 1 10 100
Favours [Alpha-1 Blocker] Favours [control]

Heterogeneity: Tau? = 0.07; Chi? = 15.47, df = 10 (P = 0.12); 1> = 35%
Test for overall effect: Z = 0.02 (P = 0.98)

Alpha-1 Blocker Control Odds Ratio Odds Ratio C
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Aronow 1977 1 8 0 8 35% 3.40[0.12,96.70] 1977
Colucci 1980 0 10 2 12 3.9% 0.20[0.01,4.69] 1980
Higginbotham 1983 1 11 2 11 57% 0.45[0.03, 5.84] 1983
Markham 1983 1 13 4 12 6.6% 0.17 [0.02, 1.78] 1983
Leier 1987 1 11 0 10  3.5% 3.00[0.11, 82.40] 1987
DiBianco 1991 0 36 3 37 4.3% 0.14[0.01,2.71] 1991
Kukin 1996 0 16 1 14 3.6% 0.27 [0.01, 7.25] 1996
Dorszewski 1997 4 18 1 18  6.9% 4.86 [0.49, 48.57] 1997 ]
Furberg (ALLHAT) 2003 377 9061 551 15255 57.6% 1.16 [1.01, 1.32] 2003 |
Spoladore 2009 0 52 5 122 45% 0.20[0.01, 3.75] 2009
Total (95% CI) 9236 15499 100.0% 0.86 [0.45, 1.63]
Total events 385 569
Heterogeneity: Tau? = 0.18; Chi? = 10.56, df = 9 (P = 0.31); |2 = 159 ; t t f f
ot foroveral efleck 2 07 (o 0685 NS 1 0.0
Favours [Alpha-1 Blocker] Favours [control]
Alpha-1 Blocker Control Odds Ratio Odds Ratio D
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Aronow 1977 1 8 0 8 81% 3.40[0.12,96.70] 1977
Colucci 1980 0 10 2 12 91% 0.20[0.01, 4.69] 1980
Markham 1983 1 13 4 12 15.6% 0.17[0.02, 1.78] 1983 bl
Higginbotham 1983 1 11 2 11 13.5% 0.45[0.03, 5.84] 1983
Leier 1987 1 1 0 10 83% 3.00[0.11, 82.40] 1987
DiBianco 1991 0 36 3 37 10.0% 0.14[0.01,2.71] 1991
Kukin 1996 0 16 1 14 8.4% 0.27[0.01, 7.25] 1996
Dorszewski 1997 4 18 1 18  16.4% 4.86 [0.49, 48.57] 1997 - *
Spoladore 2009 0 52 5 122 10.6% 0.20[0.01, 3.75] 2009

Total (95% CI) 175 244 100.0% 0.57 [0.22, 1.51]
Total events 8 18
y

Heterogeneity: Tau? = 0.12; Chi? = 8.44, df = 8 (P = 0.39); I*= 5% t t T 1 t
Test Il effect: 2= 113 (P = 0.26 0.1 01 ! 10 100
est for overall effect: Z = 1.13 (P = 0.26) Favours [Alpha-1 Blocker] Favours [control]

Appendix 11l — Mortality — All study designs:
All-cause mortality: A — Unselected patients; B — CHF patients;

CV mortality: C — Unselected patients; D — CHF patients.

CHF chronic heart failure; CV cardiovascular.
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Appendix IV — AHF events — Funnel plot:

Unselected patients (A): Al- All study designs, A2- RCTs; CHF patients (B): B1- All study designs,
B2- RCTs; HFrEF patients (C) — RCTs; AHT patients (D) - All study designs.

AHF acute heart failure; RCTs randomized controlled trials; CHF chronic heart failure;

HFrEF heart failure with reduced ejection fraction; AHT arterial hypertension.
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Appendix V — Mortality — Funnel plot:

All-cause mortality — Unselected patients (A): Al - All study designs, A2 - RCTs;

CHEF patients (B): B1 - All study designs, B2 — RCTs; CV mortality — Unselected patients (C):
C1 - All study designs; C2 — RCTs; CHF patients (D): D1 — All study designs, D2 — RCTSs.

RCTs randomized controlled trials; CHF chronic heart failure; CV cardiovascular.
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Appendix VI — ACS events — Funnel plot:
Unselected patients (A) - RCTs; CHF patients (B) — RCTs.

ACS acute coronary syndrome; RCTs randomized controlled trials; CHF chronic heart failure.
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Appendix VII - LVEF change from baseline — Funnel plot:
Unselected patients - All study designs.

LVEF left ventricular ejection fraction.
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Appendix VIII - ED change from baseline — Funnel plot:

Unselected patients - All study designs.

ED exercise duration.
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