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BETA-BJIOKEPU CIIEQ OCTP KOPOHAPEH CUHOPOM: NPOMEHA NN NPEACBHPAOHOTO
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Abstract. Introduction: Beta-blockers (BB) remain a cornerstone of secondary prevention after acute coronary syndrome
(ACS). However, contemporary randomized trials have questioned their routine use in patients with preserved
ejection fraction, often excluding those with atrial fibrillation (AF). We aimed to evaluate the prognostic impact of BB
therapy after ACS and determine whether the presence of AF modifies its association with in-hospital and one-year
mortality. Materials and Methods: We conducted a retrospective analysis of patients included in the Portuguese
Registry of Acute Coronary Syndromes (ProACS), between October 2010 and 2021. Patients were stratified ac-
cording to AF status and BB prescription. The two co-primary endpoints were in-hospital and one-year all-cause
mortality. Results: A total of 14,906 patients were included (mean age 64 * 13 years, 72.8% male), of whom 9.8%
had AF. AF patients were older, had more comorbidities, and higher mortality (in-hospital: 8.6% vs. 1.8%; 1-year:
15.9% vs. 4.5%; p < 0.001 for both). BB therapy was associated with lower in-hospital mortality in both sinus
rhythm (OR 0.19, 95% Cl 0.14-0.24) and AF (OR 0.21, 95% CI 0.13-0.35), with consistent benefit after adjustment
(adjusted OR 0.30, 95% CI 0.23-0.35). At one-year follow-up, BB therapy was associated with reduced mortality
(HR 0.57, 95% CI 0.44-0.73), without significant interaction with heart rhythm (p-interaction = 0.335). Conclusions:
AF is associated with worse prognosis after ACS. BB therapy is associated with reduced in-hospital and one-year
mortality, with consistent benefit irrespective of heart rhythm. These findings suggest that AF does not modify the
prognostic association of BB therapy after ACS.
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Pestome. BbBepeHue: beta-6nokepute (BB) octaBaT OCHOBEH eneMeHT OT BTOpWYHATa MpodunakTuka crneg oc-

Tbp kopoHapeH cuHgpom (OKC). CbBpemeHHUTE paHAOMM3WpaHu npoyyBaHus obadye nocTaBsT nog Bb-
NpoC PYTWHHOTO WM MPUIOXEHWE MPU NaLMeHTW CbC 3anaseHa (PpakuMs Ha M3TnackeaHe, kato YecTo W3-
kntouBaT Te3n ¢ npeacbpaHo MbxaeHe (MM). Lenta Hu Delwe ga OLEHUM MPOrHOCTUYHOTO 3HAYEHME Ha
Tepanusita ¢ BB cneg OKC v fa onpenenum fanu Hanuumeto Ha MM npomeHst Bpb3kaTta M ¢ BonHUYHaTa U
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KniouoBu gymu:

Anpec
3a KOpecnoHaeHLMs:

efjHoroauLHaTa cMbpTHOCT. MaTtepuanu 1 MeToau: lMpoBeoXMe PETPOCNEKTUBEH aHaNN3 Ha NaLMeHTH, BKHOYe-
HW B [opTyranckus perucTbp 3a 0cTpu kopoHapHu cuHapomm (ProACS), B nepuoga ot oktomepu 2010 1. g0 2021 .
MayneHTuTe 6sixa cTpaTuduLmparm cnoped Hanuumeto Ha MM v npeanucsaHeTo Ha BB. [1BeTe mbpBuyHM KpaitHm
TOYKM Bsixa CMBPTHOCTTa B 6ONMHMLATa M eAHOrOANILHATA CMBPTHOCT OT BCUYKM NMpuumnHu. PesynTatu: B npoyy-
BaHeTo bsixa BkntoueHn 0bwwo 14 906 naumeHTn (cpeaHa Bbapact 64 + 13 rognHu, 72,8% mbxe), 0T kouto 9,8%
ctpagaxa ot [MM. MaumerTuTe ¢ MM 6sixa No-Bb3paCTHM, MMaxa NoBeYe CbMbTCTBALUM 3aB0NsABaHNS U NO-BUCOKA
CMBPTHOCT (N0 Bpeme Ha xocnutanusauusta: 8,6% cnpsmo 1,8%; eaHoroguwHa cmbpTHOCT: 15,9% cnpsimo 4,5%);
p < 0,001 u 3a geete). TepanusTa ¢ 6eTa-6nokepu 6e cBbP3aHa C No-HIUCKa BLTPEDOMHMYHA CMBPTHOCT KaKTO
npu cuycos putsM (OR 0,19, 95% CI 0,14-0,24), Taka u npu MM (OR 0,21, 95% CI 0,13-0,35), kaTo nonsarta ce
3anaav v cneg kopekups (kopurupat OR 0,30, 95% CI 0,23-0,35). Mpu egHorogmLLHO NpocneasBaHe Tepanusta c
6eTa-6nokepy Oe cBbp3aHa ¢ HamaneHa cMbpTHOCT (HR 0,57, 95% Cl 0,44-0,73), 6e3 3HaunMo B3auMogencTame
CbC CbpaeyHns putbM (p-e3aumogenctane = 0,335). 3akmoyenus: MM ce cBbpaBa C No-noLla NporHo3a crneg
OKC. Tepanusata ¢ GeTa-6rnokepn nokassa HamaneHa CMbPTHOCT KakTo MO Bpeme Ha OOMHWYHWS MPEecTom,
Taka ¥ B paMKuTE Ha e[jHa roauHa cnep ToBa, KaTo Non3ata € MoCTOsIHHA, HE3aBUCUMO OT CbPAEYHWUS PUTHM.
Teaun pesyntatut covar, ye M He npomeHs NporHoCcTUYHATa Bpb3ka Ha TepanusTta ¢ 6eta-6rokepu cneg OKC.

OCTbP KOPOHApeH CMHAPOM; GeTa-afApeHEpryHI aHTaroHUCTH; MPEACHPAHO MbXOEHE; CMBPTHOCT; MPOrHo3a;
HaLMoHaneH perucTbp

A-p V3aben MapTuHc Mopeiipa, OTaenenve no kapavonorus, MecteH 3npaseH LeHTsp , Tpac-oc-MoxTec 1 Ano [loypo*, Avenida
da Noruega, 5000-508, Buna Pear, Moptyranus, e-mail: moreira.martins.isabel@gmail.com

INTRODUCTION

Beta-blockers (BB) have long been one of the cor-
nerstones of secondary prevention after an acute cor-
onary syndrome (ACS), together with dual antiplatelet
therapy, lipid-lowering agents and angiotensin-convert-
ing enzyme inhibitors [1, 2]. Their benefit in reducing
morbidity and mortality is well established, particularly
in patients with heart failure or left ventricular systolic
dysfunction, in whom mortality risk reduction may ex-
ceed 20% [3-9]. Accordingly, current guidelines recom-
mend BB therapy in patients with previous ACS and
left ventricular ejection fraction (LVEF) <40%, and state
that BB should be considered in all ACS patients re-
gardless of LVEF [2]

However, recent randomized clinical trials and me-
ta-analyses evaluating the role of BB therapy in patients
with myocardial infarction and preserved LVEF have
questioned the benefit of routine long-term BB use in the
contemporary era of early revascularization and com-
prehensive secondary prevention [10-15]. Trials such
as CAPITAL-RCT, REDUCE-AMI, REBOOT-CNIC and
SMART-DECISION have consistently shown no clini-
cal benefit of BB in patients with preserved LVEF (=
50%) after a myocardial infarction without another clear
indication for their use [11-13, 15]. Importantly, these
studies were specifically designed to evaluate the pre-
ventive role of BB in patients without alternative clinical
indications for the drug, and therefore largely excluded
patients requiring BB for other clinical reasons, includ-
ing atrial fibrillation (AF) [11-13]

AF is the most common supraventricular arrhythmia
in patients with ACS, occurring in up to 23% of cases

[16, 17]. The presence of AF is associated with worse
outcomes, including increased in-hospital and long-
term mortality, regardless of the type of AF (pre-exist-
ing or de novo), age, heart failure and ventricular dys-
function [18-21]. In this setting, BB are frequently used
for ventricular rate control and are often maintained as
part of the long-term therapeutic strategy [22].

Nevertheless, robust evidence on the prognostic
impact of BB therapy in ACS patients with AF remains
limited, as this subgroup has been underrepresented
in contemporary randomized trials [10-14]. Moreover,
several meta-analyses have questioned the effective-
ness of BB in reducing mortality in this setting [23-27].
Whether the presence of AF modifies the prognostic
benefit associated with BB therapy after ACS therefore
remains unclear.

Therefore, the aim of this study was to evaluate
the prognostic impact of BB prescription after ACS,
comparing its association with in-hospital and one-
year mortality in patients with AF versus those in si-
nus rhythm (SR). Determining whether AF modifies the
association between BB therapy and outcomes after
ACS may help refine patient selection for long-term BB
treatment in the contemporary era.

MATERIALS AND METHODS

Study design

This was a national multicentre retrospective anal-
ysis of patients hospitalized for acute coronary syn-
drome (ACS) using data from the Portuguese Registry
of Acute Coronary Syndromes (ProACS).
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The ProACS is a nationwide, multicentre, continu-
ous prospective observational registry coordinated by
the National Centre for Data Collection in Cardiology
under the aegis of the Portuguese Society of Cardiolo-
gy. All cardiology departments in Portuguese hospitals
were invited to participate and consecutively include
adult patients hospitalized with ACS [28].

Patients are enrolled during hospitalization for
ACS, on a voluntary basis, after providing written in-
formed consent. The registry collects information on
demographic characteristics, cardiovascular risk fac-
tors, clinical presentation, laboratory results, in-hospi-
tal management (medical and interventional), compli-
cations, discharge medication, and clinical outcomes,
including vital status and rehospitalizations at one-year
follow-up.

The registry was approved by the Portuguese Data
Protection Authority (no. 3140/2010), is registered at
ClinicalTrials.gov (NCT01642329), and is supervised
by an Executive Committee appointed for this purpose
[28].

For the present analysis, all 35279 patients con-
secutively enrolled between October 1st, 2010 and De-
cember 31st, 2021 were considered.

Patients with missing data regarding BB prescrip-
tion at discharge, AF status or mortality were exclud-
ed. In addition, patients with previous ischemic heart
disease (prior acute coronary syndrome or coronary
revascularization), prior heart failure, those presenting
in Killip class IV, and those undergoing coronary artery
bypass grafting during the index hospitalization were
excluded.

Patients were divided into groups according to the
presence of AF and in-hospital or discharge BB pre-
scription. AF included both previously known AF (par-
oxysmal, persistent or permanent) and new-onset AF
diagnosed during hospitalization. Patients without AF
were classified as being in sinus rhythm (SR). The as-

sociation of BB therapy with in-hospital and one-year
all-cause mortality was assessed in patients with AF
and SR. The two co-primary endpoints were in-hospital
and one-year all-cause mortality.

Statistical analysis

Categorical variables were expressed as frequen-
cies and percentages and were compared using the
chi-square test. Continuous variables were presented
as mean = standard deviation or median and interquar-
tile range (IQR) and compared using the independent
samples t-test or the Mann-Whitney U test, based on
their distribution.

To determine the impact of BB therapy on in-hos-
pital mortality and its interaction with the heart rhythm,
a logistic regression analysis with Wald test was per-
formed. The Hosmer-Lemeshow test was used for
the calibration of the regression model. Kaplan-Meier
curves were used to assess one-year survival differ-
ences according to the BB prescription, and the differ-
ence between groups was assessed using the log rank
test.

Statistical analyses were performed using IBM
SPSS Statistics version 25 (IBM Corp., Armonk, NY,
USA). All p-values were two-sided and were consid-
ered significant when < 0.05.

RESULTS

Population

A total of 14,906 patients were included. Baseline
characteristics for the overall population and according
to beta-blocker (BB) prescription are presented in Ta-
ble 1. Most patients were male (72.8%), with a mean
age of 64 + 13 years. Atrial fibrillation (AF) was present
in 9.8% of the population, while the remaining 90.2%
were in sinus rhythm (SR). Most patients (82.5%) re-
ceived BB therapy during hospitalization.

Table 1. Characteristics of the Patients at Baseline

Total (n = 14906) Without BB (n = 2609) With BB (n = 12297) p-value
Male 10849 (72.8) 1871 (71.6) 8937 (72.7) 0.205
Age (years) 64 + 13 67 £ 14 63+13 < 0.001
Atrial fibrillation 1461 (9.8) 347 (13.3) 1107 (9.0) < 0.001
Arterial hypertension 9252 (62.1) 1555 (59.6) 7697 (62.6) 0.003
Diabetes mellitus 3820 (25.6) 660 (25.3) 3160 (25.7) 0.735
Dyslipidaemia 7238 (48.5) 1224 (48.5) 6014 (51.7) 0.038
Smoking 5793 (39.0) 960 (36.8) 4833 (39.3) 0.031
Obesity 3431 (23.0) 504 (19.3) 2927 (23.8) < 0.001
Ischemic stroke/TIA 6 (0.04) 2(0.1) 4(0.0) 0.023
Peripheral artery disease 438 (2.9) 94 (3.6) 344 (2.8) 0.029
Valvular heart disease 208 (1.4) 60 (2.3) 148 (1.2) < 0.001
COPD 569 (3.8) 188 (7.2) 381(3.1) < 0.001
CKD 571(3.8) 128 (4.9) 443 (3.6) 0.020
Previous BB therapy 1643 (11.0) 180 (6.9) 1463 (11.9) < 0.001

Baseline characteristics are represented as n (%) or mean + standard deviation. TIA: transient ischemic attack; COPD: Chronic obstructive pulmonary disease; CKD: Chronic

kidney disease; BB: Beta-blocker.
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Compared with patients who received BB, those
without BB were significantly older (67 + 14 vs. 63 + 13
years, p < 0.001) and had a higher prevalence of co-
morbidities, including AF (13.3% vs. 9.0%, p < 0.001),
valvular heart disease (2.3% vs. 1.2%, p <0.001), chron-
ic obstructive pulmonary disease (7.2% vs. 3.1%, p <
0.001) and chronic kidney disease (4.9% vs. 3.6%, p =
0.020). The mean LVEF evaluated during hospitalization
was 53 £ 13% in patients without BB prescription and
52 + 11% in the group with BB prescription (p < 0.001).

AF patients were significantly older than patients in
SR (74 + 11 vs. 63 + 13 years, p < 0.001). Accordingly,
this group also presented higher prevalences of arterial
hypertension (74.4 vs. 60.6%, p < 0.001), diabetes mel-
litus (30.1 vs. 25.1%, p < 0.001), valvular heart disease
(3.9 vs. 1.2%, p < 0.001), chronic kidney disease (7.4
vs. 3.4%, p < 0.001) and chronic obstructive pulmonary
disease (6.9% vs. 3.5%, p < 0.001), as well as a lower
mean LVEF (47 £+ 12 vs. 52 + 12%, p < 0.001). Notably,
BB prescription was less frequent in the AF group, both
during hospitalization (77.9% vs. 82.8%, p < 0.001) and
at discharge (74.7% vs. 78.8%, p < 0.001).

ENDPOINTS
In-hospital mortality

The in-hospital mortality rate was 2.2%, 1.3% in the
BB group and 6.6% in patients without BB prescription
(p < 0.001). AF patients exhibited a significantly higher
mortality rate compared to those in SR (8.6% vs. 1.8%,
p < 0.001).

BB prescription was associated with a lower in-hos-
pital mortality rate regardless of the rhythm, with an
81% risk reduction in SR (OR 0.19, 95% CI 0.14-0.24)
and 79% reduction in AF patients (OR 0.21, 95% CI
0.13-0.35) (Table 2). In a multivariate regression anal-
ysis, after adjusting for possible confounders including
age and LVEF, in-hospital BB therapy remained asso-
ciated with a 70% reduction in mortality risk (adjusted
OR 0.30, 95% CI 0.23-0.35).

Table 2. In-hospital mortality according to heart rhythm
and beta-blocker prescription

Without BB | With BB OR

(n = 2609) [(n = 12297)|  (95% CI) p-value
Sinus rhythm 133(6.8) | 110(1.0) | 0.19(0.14-024) | < 0.001
Atrial fiorilation | 39(105) | 59(52) |0.21(0.13035)| < 0.001
Overal 172(66) | 169(1.3) | 020(0.15:025) | < 0.001

Data are presented as n (%). OR (95% Cl) represents the unadjusted Odds Ratio
for in-hospital mortality in patients receiving BB therapy compared to those without.
BB: beta-blocker; Cl: confidence interval; OR: odds ratio.

One-year mortality

At one year of follow-up, overall mortality rate in-
creased to 5.1%, 4.4% in the BB group and 7.6% in pa-

tients without BB prescription (p < 0.001). Once again,
AF patients exhibited a higher mortality rate (15.9%
versus 4.5%).

Overall, after discharge BB prescription was as-
sociated with reduced 1-year mortality risk (HR 0.57,
95% Cl 0.44-0.73), although this did not reach statis-
tical significance in AF patients (p = 0.413) (Fig. 1).
Nevertheless, in an interaction analysis using Cox re-
gression, heart rhythm did not significantly modify BB
protective effect (p-interaction = 0.335). As expected,
AF was associated with worse prognosis (HR 3.85,
95% Cl 2.66-5.02).
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DiscussIiON

In this large, contemporary nationwide registry of
ACS patients, BB therapy was associated with lower
in-hospital and one-year mortality. Importantly, this as-
sociation was consistent irrespective of AF status, with
no significant interaction between heart rhythm and BB
effect. These findings suggest that AF does not modify
the prognostic association of BB therapy after ACS.

The role of BB in ACS has become increasingly
debated in the modern era [13, 15]. While early trials
demonstrated clear mortality benefits, contemporary
randomized studies in patients with preserved left ven-
tricular ejection fraction have failed to show a consis-
tent advantage of long-term BB therapy in the absence
of other indications [10-15]. However, these trials
largely excluded patients with AF, leaving uncertainty
regarding the effectiveness of BB in this common and
high-risk subgroup [10-15].

Baseline characteristics of our population were
consistent with contemporary ACS cohorts [11].

AF was present in approximately 10% of our cohort
and was associated with a markedly worse clinical pro-
file and substantially higher mortality, with a four-fold
increase in in-hospital and one-year mortality rates.
Despite this, BB therapy was less frequently prescribed
in AF patients, consistent with prior observations and
likely reflecting greater comorbidity burden and con-
cerns regarding tolerability [16, 17].

The principal finding of this study is that the asso-
ciation between BB therapy and mortality was consis-
tent irrespective of AF status. This contrasts with prior
observations in heart failure populations, where the
benefit of BB has been reported to be attenuated in
patients with AF [23-27]. In the context of ACS, our data
suggest that the protective effect of beta-blocker ther-
apy remains preserved regardless of baseline rhythm,
supporting their use in AF patients following ACS.

In our ACS population, the in-hospital mortality rate
was 2.2%, increasing to 5.1% at one year of follow-up,
which is in agreement with recent literature [29]. How-
ever, BB therapy was associated with a substantial
reduction in in-hospital mortality (adjusted OR 0.30;
95% CI 0.23-0.35), higher than previously reported [3-
9]. This may partly reflect selection bias, as more sta-
ble patients are more likely to tolerate and receive BB
therapy. Although adjustment for key clinical variables
attenuated this effect, residual confounding cannot be
excluded, and the magnitude of this association should
be interpreted cautiously.

At one-year follow-up, BB therapy remained asso-
ciated with lower mortality (HR 0.57), with no evidence
of effect modification by AF (p-interaction = 0.335).
Given the higher baseline risk of AF patients, similar

relative effects may translate into greater absolute ben-
efit, although this cannot be definitively established.

These findings have relevant clinical implications.
In a setting where the routine use of BB after ACS is
increasingly questioned, our results support their con-
tinued use in higher-risk populations, including patients
with AF.

The present study has several limitations. First, it
is an observational retrospective analysis of patients
included in the ProACS registry, where enroliment is
voluntary and requires informed consent, which may
introduce selection bias.

Second, detailed data on beta-blocker therapy after
discharge, including type, dose, initiation, discontinua-
tion, and adherence, were not available. Furthermore,
AF was not stratified according to type or burden.

Third, as with all observational studies, residual
confounding cannot be fully excluded, and causal in-
ferences and generalizability of our findings should be
made with caution. Nonetheless, the large sample size
provides a representative picture of the contemporary
Portuguese ACS population and, in the absence of ran-
domized controlled trials evaluating the efficacy of BB
in AF patients, these population-based studies could
be useful for informing clinical practice.

CONCLUSION

AF is common among patients with ACS and is as-
sociated with a markedly worse prognosis. In this large
nationwide registry, BB therapy was associated with
lower in-hospital and one-year mortality, with no sig-
nificant differences according to heart rhythm. These
findings suggest that the protective association of be-
ta-blockers is not modified by the presence of AF and
support their continued use in this high-risk population.
Further randomized studies are warranted to confirm
these observations.

No conflict of interest was declared
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