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with or without beta-blockers in patients
without heart failure and with preserved
ejection fraction after acute myocardial
infarction: a multicenter retrospective cohort
study
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Abstract

Background: The role of beta-blockers in acute myocardial infarction patients without heart failure and with
preserved left ventricular ejection fraction (LVEF > 50%) is unknown. Our study aimed to retrospectively analyze the
associations of beta-blockers on such patients.

Methods: This is a multicenter, retrospective study. After screening 5,332 acute myocardial infarction patients, a total
of 2519 patients without heart failure and with LVEF > 50% were included. The patients were divided into two groups:
the prescribed (n=2049) and unprescribed (n =470) beta-blockers group. The propensity score inverse probability
treatment weighting was used to control confounding factors. We analyzed the associations between beta-blockers
and outcomes in the short-term (1-year) and long-term (median, 3.61 years).

Results: The primary outcome was all-cause mortality. The secondary outcomes were all-cause rehospitalization, car-
diac death, recurrent myocardial infarction, new-onset heart failure rehospitalization. This study shows no statistically
significant association between discharged with beta-blockers and all-cause mortality, either in the short-term [IPTW
Adjusted, HR 1.02; 95%Cl 0.43-2.40; P=0.966] or long-term [IPTW Adjusted, HR 1.17; 95%Cl 0.70-1.94; P=0.547]. Dis-
charged with beta-blockers was significantly associated with a reduced risk of short-term recurrent myocardial infarc-
tion [IPTW Adjusted, HR 0.44; 95%Cl 0.20-0.97; P=0.043], but there was no long-term relationship [IPTW Adjusted,

HR 1.11; 95%Cl 0.61-2.03; P=0.735]. Other outcomes, such as new-onset heart failure rehospitalization and all-cause
rehospitalization, were not observed with meaningful differences in either the short- or long-term. The results of sen-
sitivity analysis were consistent with this.
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Conclusions: Beta-blockers might be associated with a reduced risk of recurrent myocardial infarction in patients
without heart failure and with preserved left ventricular ejection fraction after acute myocardial infarction, in the short
term. Beta-blockers might not be related to all-cause mortality in those patients, either in the short-term or long-term.

Clinical trial registration Influence of Beta-blockers on Prognosis in Patients with Acute Myocardial Infarction Compli-
cated with Normal Ejection Fraction, NCT04485988, Registered on 24/07/2020. Retrospectively registered.

Keywords: Beta-blockers, Acute myocardial infarction, Heart failure, Left ventricular ejection fraction

Introduction

Some milestone studies such as BHAT (The Beta-blocker
Heart Attack Trial), established the conventional use of
beta-blockers after acute myocardial infarction (AMI)
was published in the 1980s [1, 2]. The beta-blockers then
become a central component of pharmacological treat-
ment for AMI. A systematic review and meta-regression
analysis showed that all the research evidence about
beta-blockers after AMI was mainly from patients who
did not receive reperfusion treatment and secondary pre-
vention therapy [3].

With the widespread prevalence of reperfusion treat-
ment and secondary prevention therapy, it is question-
able whether beta-blockers would provide a survival
benefit for all patients with AMI. The randomized con-
trolled trial (RCT) which explored the prognostic role
of beta-blockers in AMI patients noted that early intra-
venous metoprolol followed by four weeks of oral meto-
prolol did not contribute to the short-term survival
prognosis (first discharge or day 28) in AMI patients,
but no long-term results [4]. In addition, a meta-analysis
(sixty trials, n=102,003) suggested beta-blockers had no
all-cause mortality benefit for patients with AMI during
the period of reperfusion era (>50% undergoing reperfu-
sion and/or receiving aspirin/statin) [5]. All the evidence
implied that beta-blockers might not lower the risk of all-
cause mortality in AMI patients when treated with timely
revascularization and secondary prevention therapy.

The role of beta-blockers in AMI patients without
heart failure (HF) and with preserved left ventricular
ejection fraction (LVEF) was unknown. In previous stud-
ies, the controversy regarding the associations of beta-
blockers mainly exists in AMI patients with or without
HE, LVEF normal (LVEF >40%) or reduce (LVEF <40%
or LVEF<30%) after AMI [6-8]. The available evi-
dence supporting the utilization of beta-blockers was
in HF patients with LVEF <40% [9]. There are no defi-
nite conclusions from RCTs on the prognostic value of
beta-blockers in AMI patients without HF and with pre-
served LVEF, and the present guidelines or consensus
were mainly based on other types of experiments, which
caused the AMI patients to be prescribed beta-blockers
ad infinitum regardless of HF and regardless of LVEF
[10].

To our knowledge, this is the first study regarding
the prognostic associations of beta-blockers on AMI
patients without HF and with preserved ejection frac-
tion (LVEF >50%). Our study aimed to retrospectively
analyze the associations of beta-blockers on such patients
and to infer whether beta-blockers changed the survival
benefit of the patients.

Methods

The baseline characteristics of the AMI patients were col-
lected through the electronic medical record. The epide-
miological data, risk factors, comorbidities, examination
results, treatments, and prescribed medication informa-
tion of the patients were recorded. During follow-up, the
information on patient survival status and hospitalization
events was collected through telephone interviews and
medical documents.

This study analyzed the short-term and long-term
associations of beta-blockers; analyzed the relation-
ship between beta-blockers and all-cause death in dif-
ferent subgroups; and further validated the short-term
and long-term associations of beta-blockers by propen-
sity score matching in the sensitivity analysis. Finally, the
study also explored the relationship between LVEF and
all-cause death by a restrictive cubic spline curve.

The study was a multicenter, retrospective, observa-
tional registry project with clinicaltrials.gov identifier
NCT04485988 (registered on 24/07/2020). We observed
the Declaration of Helsinki guidelines. All study pro-
cedures were approved by the ethics committee of the
first affiliated hospital of Chongqing medical university
(approval number 2020-607).

Definitions

The primary outcome was all-cause mortality. The sec-
ondary outcomes were all-cause rehospitalization, car-
diac death, recurrent myocardial infarction, new-onset
HF rehospitalization, and major adverse cardiovascu-
lar events (MACE, composite endpoint event of cardiac
death, recurrent myocardial infarction, new-onset HF
rehospitalization). AMI is defined by the elevation of
serum markers of myocardial injury at least twice their
upper limit of normal (creatine kinase isoenzyme or tro-
ponin I), ST-segment elevation or decrease in at least two
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contiguous leads greater than 0.1 mv, and pathological Q
waves. Cardiac death was defined as death due to fatal
AMI, HF, and death that cannot be attributed to non-
cardiac causes. HF was defined as patients with a his-
tory of HF or discharged with symptoms of HF. LVEF is
measured by the Simpson method of cardiac ultrasound,
which is determined by the last measurement taken dur-
ing hospitalization. Patients without HF and with pre-
served ejection fraction after AMI were defined as those
with no previous history of HF and no symptoms of HF
before discharge, as well as a LVEF >50%. Other percu-
taneous coronary intervention (PCI) includes delayed
PCI and rescue PCIL. Delayed PCI was defined as the time
from symptom onset to PCI treatment longer than 72 h.

Statistical analysis

Continuous variables were presented as mean + standard
deviation (SD) or median (interquartile range). Categori-
cal variables were expressed as frequencies and percent-
ages. Continuous variables were compared by using the
independent samples T-test and the Mann—Whitney
U-test. Categorical variables were tested by using the
Chi-square test and Fisher’s exact Chi-square test. Con-
sidering the number and complexity of variables in this
study, as well as the fact that multivariate Cox adjust-
ment is limited by the number of adjusted variables and
outcome events, propensity score inverse probability
treatment weighting (IPTW) was used to control for
confounding factors. The propensity score can repre-
sent the associations of multiple confounding factors
in a combined propensity score. IPTW is based on the
propensity score and uses the principle of the standardi-
zation method to make the distribution of propensity
scores consistent across groups so that the associations
of confounding factors can be eliminated. Univariate Cox
regression and propensity score IPTW correction were
used to determine the association between beta-blockers
and outcomes. Kaplan—Meier curves were used to assess
prognostic differences between the two groups. The R
Statistical Package, version 4.0.2 (R Development Team,
Vienna, Austria), and IBM SPSS Statistics 26.0 software
(SPSS, Chicago, IL, USA) were used for all statistical
analyses. P (two-tailed) value less than 0.05 was consid-
ered statistically significant.

Study population

Patients with a definite diagnosis of AMI and
aged > 18 years were collected continuously from Octo-
ber 1, 2012, to July 31, 2020, and a total of 5,332 patients
were recruited into the study. Patients with a history of
HE, AMI, and reperfusion therapy, patients with con-
traindications to beta-blocker use (including chronic
obstructive pulmonary disease (COPD), asthma,
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pacemaker implantation, second-degree/third-degree
atrioventricular block, and sick sinus node syndrome),
patients without information on LVEF value or with
LVEF <50%, lack of discharge prescription information or
prescribed diuretics, and in-hospital death were excluded
from the study. During the follow-up period, 207 patients
were lost and 7 patients were in a terminal state (died
within 30 days of discharge), both of which were also
excluded. Ultimately, 2519 patients were included in the
cohort study, 2049 of whom were prescribed beta-block-
ers at discharge and 470 were not (Fig. 1).

Results

Clinical characteristics

Of the 2519 patients included, 2049 were prescribed
beta-blockers (2049/2519, 81.3%) and 470 were not
(470/2519, 18.7%). Patients without beta-blockers were
older, had more frequent inferior/posterior AMI, higher
LVEF value, more comorbid history of stroke or atrial
fibrillation, generally lower admission heart rate and
blood pressure, lower body mass index, lower HbAlc,
lower eGFR, lower low-density lipoprotein, lower blood
urea nitrogen, lower creatine kinase isoenzyme MB,
fewer of them were treated with PCI and reperfusion
therapy, and fewer treated with Clopidogrel/Ticagrelor
and angiotensin-converting enzyme inhibitor (ACEI)/
angiotensin receptor blocker (ARB)/ angiotensin recep-
tor enkephalin inhibitor (ARNI) (Table 1).

The types of prescribed beta-blockers in this study
included metoprolol extended-release tablets (1705,
83.2%), metoprolol pills (34, 1.7%), bisoprolol tablets
(292, 14.3%), and others (including carvedilol and aten-
olol, 18, 0.9%). The dose of prescribed beta-blockers is
expressed by percentage (%) of dose=discharged pre-
scribed beta-blocker dose/target dose. 101 patients
(4.9%) were prescribed doses of 0-12.5% target dose,
727 patients (35.5%) were prescribed doses of 12.5-25%
target dose, 1033 patients (50.4%) were prescribed doses
of 25-50% target dose, and 188 patients (9.2%) were pre-
scribed doses greater than 50% target dose.

In our study, 207 patients with AMI were lost to follow-
up, of which 168 patients could not be contacted again
and 39 patients refused to communicate when contacted
by phone.

Outcomes

We followed the enrolled 2519 patients for a median
of 3.61 (2.12-5.27) years. We analyzed the short-term/
long-term associations of prescribed beta-blockers.
In the short-term, there was an association between
discharge-prescribed beta-blockers and reduced risk
of recurrent myocardial infarction [univariate COX
regression, HR 0.39, 95%CI 0.20-0.77, P=0.007; IPTW,
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Patients diagnosed with acute myocardial infarction and aged >18 years between October
2012 and July 2020 (N=5332)

-Previous diagnosis ol asthma or chronic obstructive pulmonary disease (N=188)
-Conduction abnormalities (second and third degree atrioventricular block, sick

- Discharged with symptoms of heart failure or treated with diuretics (N=1061)

- Lack of left ventricular ejection fraction or LVEF less than 50% (N=731)

- Previous heart failure (N=61)

- Previous MI or revascularization (N=336)

- Contraindications for beta-blocker
(N=2599)

sinus syndrome. N=42)

- Death in hospital (N=180)
(N=207)

- Failure to complete follow-up* (N=207)
(N=7)

Patients in a terminal state. (patients and families give up further treatment,
and die within 30 days of discharge from hospital (N=7))

Patients included in this study (N=2519)

/\

Treated with beta blockers (N=2049)

Not treated with beta blockers (N=470)

and 39 patients refused to communicate when contacted by phone

Fig. 1 Flow diagram of patients recruitment. ¥207 patients with AMI were lost to follow-up, of which 168 patients could not be contacted again

HR 0.44, 95%CI 0.20-0.97, P=0.043]. For other out-
comes, such as all-cause mortality, cardiac death,
all-cause rehospitalization, new-onset HF rehospitali-
zation, and MACE, there was no significant associa-
tion between discharged with beta-blockers and each of
them (Table 2; Fig. 2).

In the long term, all-cause mortality occurred in 39
(39/470, 8.3%) and 166 (166/2049, 8.1%) patients in the
unprescribed and prescribed groups, separately. Uni-
variate Cox regression analysis showed no difference in
the risk of all-cause death [HR 0.87; 95%CI 0.61-1.23;
P=0.430], nor did it differ after correction for IPTW
[HR 1.17; 95%CI 0.70-1.94; P=0.547]. There were 20
cases of recurrent myocardial infarction in the unpre-
scribed group (20/470, 4.3%), and 76 cases in the pre-
scribed group (76/2042, 3.7%). The results suggested
no obvious relationship between discharged with beta-
blockers and the risk of recurrent myocardial infarction
[univariate COX regression, HR 0.80, 95%CI 0.49-1.31,
P=0.381; IPTW, HR 1.11, 95%CI 0.62-2.03, P=0.735].
Other endpoint events, including all-cause rehospitali-
zation, new-onset HF rehospitalization, cardiac death,
MACE, were not statistically significantly associated
with beta-blockers (Table 3; Fig. 2).

Discharged with beta-blockers might only reduce
the risk of short-term recurrent myocardial infarction
in patients without HF and with preserved LVEF after
AMI

Subgroups analysis

To gain further insight and understanding of the role
of beta-blockers in AMI patients without HF and with
preserved LVEF, subgroup analyses were conducted
by age (age <75 vs.>75), sex, Killip class (I class vs.>1
class), type of MI (STEMI vs. NSTEMI), smoke, hyper-
tension, diabetes, atrial fibrillation, primary PCI ther-
apy, PCI treatment, and reperfusion therapy. Based on
propensity score with IPTW, the results indicated that
among the subgroups, there was no significant differ-
ence in the risk of all-cause mortality between the
prescribed and unprescribed groups; discharged with
beta-blockers might not be related to a reduced risk
of all-cause mortality. The study noted no interaction
between subgroups and prescribed/unprescribed beta-
blockers for all-cause mortality (Fig. 3).
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Table 1 Baseline characteristics of patients discharged with beta-blockers and without beta-blockers

Variables Discharged with beta-blockers Discharged without beta-blockers P value

(N=2049) (N=470)

Baseline characteristics

Age, years 62.0 (52.0-70.0) 64.0 (55.0-73.0) <0.001
Age > 75 years 295 (14.4%) 101 (21.5%) <0.001

Male sex 1624 (79.3%) 378 (80.4%) 0613

Body mass index (kg/m?) 24.3(22.4-26.6) 234 (215-25.7) <0.001
Body mass index> 30.0 96 (4.9%)79 17 (3.7%) 0.326

Onset time 11.0 (4.0-48.0) 12.0 (4.0-48.0) 0.869

Risk factors—no, %

Hypertension 1147 (56.0%) 249 (53.0%) 0.258

Diabetes mellitus 643 (31.4%) 138 (29.4%) 0407

Hyperlipidemia 424 (20.7%) 80 (17.0%) 0.074

Cigarette smoking 1337 (65.3%) 316 (67.2%) 0420

Family history of CAD 120 (5.9%) 23 (4.9%) 0.507

Medical history—-no, %

Previous CAD 61 (3.0%) 10 (2.1%) 0357

Chronic kidney disease 83 (4.1%) 17 (3.6%) 0.793

Previous stroke or TIA 123 (6.0%) 45 (9.6%) 0.007

Atrial fibrillation 70 (3.4%) 29 (6.2%) 0.005

Peripheral vascular disease 21 (1.0%) 2 (0.4%) 0.288

Malignant tumor 39 (1.9%) 8 (1.7%) 1.000

Myocardial infarction characteristics—-no, %

STEMI 1324 (64.6%) 297 (63.2%) 0.558
Anterior MI 715 (54.0%) 76 (25.6%) <0.001
Inferior/ Posterior Ml 639 (48.3%) 221 (74.4%) <0.001
Other sites MI 214 (16.2%) 41 (13.8%) <0.001

Killip class > I 226 (11.0%) 56 (11.9%) 0.571

Coronary angiography 1939 (94.6%) 434 (92.3%) 0.062

Thrombolytic therapy 48 (2.3%) 13 (2.8%) 0617

PTCA therapy 63 (3.1%) 18 (3.8%) 0.386

PCl therapy 1673 (81.6%) 331 (70.4%) <0.001
PClwithin 72 h 1128 (55.1%) 236 (50.2%) 0.065
Other PCl 545 (26.6%) 95 (20.2%) 0.004

Coronary artery bypass grafting 2(0.1%) 2 (0.4%) 0.160

Timely reperfusion therapy 721 (35.2%) 152 (32.3%) 0.259

Total revascularization 1685 (82.2%) 333 (70.9%) <0.001

Presenting characteristics

Admission heart rate (beats/min) 79.0 (70.0-90.0) 70.0 (60.0-78.0) <0.001

Heart rate > 110 beats/min 69 (3.4%) 6 (1.3%) 0.015

Admission SBP (mm Hg) 131.0 (115.0-149.0) 123.5(107.0-141.0) <0.001

Admission SBP <90 mm Hg 58 (2.8%) 29 (6.2%) 0.001

Admission DBP (mm Hg) 79.0 (69.0-90.0) 73.0 (64.0-82.0) <0.001

Peak CK-MB (ug/L) 16.5 (3.6-55.6) 13.6 (3.0-48.8) 0.039

Peak troponin-I (ng/mL) 1.24(0.23-7.07) 1.32(0.22-6.81) 0.986

HbATc (%) 6.1 (5.7-7.0) 5.9 (5.6-6.6) 0.004

Blood urea nitrogen (mmol/L) 54 (45-6.7) 58(4.6-7.1) 0.001

Creatinine (umol/L) 74.0 (63.0-88.0) 76.0 (65.0-88.5) 0.101

eGFR (mL/min/1.73m?) 94.6 (76.6-107.6) 92.0(73.5-103.8) 0.005

eGFR <60 mL/min/1.73m? 246 (12.2%) 52 (11.2%) 0.634

Low-density lipoprotein (mg/dl) 2.75(2.19-3.36) 2.59 (2.06-3.08) <0.001
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Table 1 (continued)

Variables Discharged with beta-blockers Discharged without beta-blockers P value
(N=2049) (N=470)

LVEF (%) 58.0 (55.0-62.0) 60.0 (56.0-63.0) 0.001

Cardiac aneurysm 28 (1.8%) 6 (1.6%) 1.000

Concomitant medication—No, %

Aspirin 1905 (93.0%) 425 (90.4%) 0.065

Clopidogrel/ticagrelor 2024 (98.8%) 455 (96.8%) 0.006

DAPT 1888 (92.2%) 413 (87.9%) 0.004

Statin 2023 (98.7%) 463 (98.5%) 0.656

ACEI/ ARB/ ARNI 1528 (74.6%) 264 (56.2%) <0.001

Oral anticoagulant 34 (1.7%) 11 (2.3%) 0333

CAD, coronary atherosclerotic heart disease; TIA, transient ischemic attacks; STEMI, ST-segment elevation myocardial infarction; MI, myocardial infarction; PTCA,
percutaneous transluminal coronary angioplasty; PCl, percutaneous coronary intervention; SBP, systolic blood pressure; DBP, diastolic blood pressure; CK-MB, creatine
kinase isoenzyme MB; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; DAPT, dual antiplatelet therapy; ACEI, angiotensin-converting
enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor enkephalin inhibitor

Table 2 Association of beta-blockers with outcomes in the short-term

Variables With beta-blockers Without beta-blockers Crude HR Pvalue Adjusted HR* Pvalue
N=2049 N=470
No. of patients No. of patients with event (n, %) (95% Cl) (95% Cl)
with event (n, %)
One year after discharge (n=2482)
All-cause mortality 27/2018 (1.3%) 9/464 (1.9%) 0.69(0.32-1.46) 0330 1.02 (0.43-2.40) 0.966
Rehospitalization for any reason  299/1977 (15.1%) 88/459 (19.2%) 0.76 (0.60-0.97) 0.026 0.83 (0.60-1.15) 0.258
Cardiac death 15/2018 (0.7%) 5/464 (1.1%) 0.69(0.25-1.89) 0.469 1.25(0.37-4.25) 0.719
Rehospitalization for MI 22/2011 (1.1%) 13/464 (2.8%) 0.39 (0.20-0.77) 0.007 044 (0.20-0.97) 0.043
Rehospitalization for HF 34/2015 (1.7%) 9/464 (1.9%) 0.87 (0.42-1.82) 0.712 4(0.98— 469) 0.057
MACE 61/2009 (3.0%) 25/464 (5.4%) 0.56 (0.35-0.89) 0.014 0.80 (0.45-1.41) 0434

This study analyzed the relationship between beta-blockers and short-term outcomes, using univariate COX regression and propensity score IPTW

MI, myocardial infarction; HF, heart failure; MACE, major adverse cardiovascular events; HR, hazard ratio; NA, not applicable; ref, reference

2 Correction was performed using propensity score inverse probability treatment weighting (IPTW), included variables were sex, age, time of onset, LVEF, type of
myocardial infarction, admission heart rate, admission systolic blood pressure, admission diastolic blood pressure, body mass index (BMI), site of myocardial infarction,
Killip > Il, history of hypertension, history of diabetes mellitus, history of chronic kidney disease, history of coronary artery disease (CAD), family history of CAD, history
of stroke, history of peripheral vascular disease, history of hyperlipidemia, history of smoking, history of tumor, atrial fibrillation, coronary angiography, PTCA therapy,
PCl therapy, thrombolytic therapy, type of PCI, timely reperfusion therapy, total reperfusion therapy, CKMB, Tnl, HbA1¢, blood urea nitrogen, creatinine, eGFR, LDL-c,
cardiac aneurysm, anticoagulants, aspirin, clopidogrel/ticagrelor, dual antiplatelet therapy, statins, ACEI/ARB/ARNI

Sensitivity analysis

Propensity score matching

We performed logit regression with prescribed beta-
blockers as the dependent variable and each variable
in Table 1 as a covariate, and took nearest neighbor
matching without replacement for 1:1 matching, with a
caliper value of 0.02. The absolute standardized mean
difference (SMD) values for all variables were less than
0.1, indicating a well-paired match. The study was ulti-
mately successful in matching 848 patients (discharged
with beta-blockers, N=424; discharged without beta-
blockers, N =424, Additional file 1: Table S1).

Outcomes

We analyzed the associations between the beta-block-
ers and endpoint events in the short-term (1-year) and
long-term (median, 3.75 years). The results showed, at
one-year post-discharge (n=835), recurrent myocardial
infarction was observed in 12 cases (12/420, 2.9%) in the
unprescribed group and 1 case (1/415, 0.2%) in another
group, beta-blockers might be associated with a lower
risk of recurrent myocardial infarction [IPTW correc-
tion, HR 0.08; 95% CI 0.01-0.59; P=0.014] but not the
risk of all-cause death [IPTW correction, HR 1.08; 95%
CI 0.40-2.94; P=0.875] (Additional file 1: Table S2). In
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Fig. 2 Kaplan—-Meier survival estimates. a, b Demonstrate the short-term (follow-up, one year, N = 2482) association between beta-blockers and
all-cause mortality/recurrent myocardial infarction. A log-rank test was used. The results suggest that there was no statistically significant association
between discharge prescription of beta-blockers and risk of all-cause mortality and a statistically significant association between discharge
prescription of beta-blockers and reduced risk of recurrent myocardial infarction. ¢, d Demonstrate the long-term (median follow-up, 3.75 years,
N=2519) association between beta-blockers and all-cause mortality/recurrent myocardial infarction. A log-rank test was used. The results suggest
that there was no statistically significant association between discharge prescription of beta-blockers and risk of all-cause mortality/ recurrent
myocardial infarction. IPTW correction: based on propensity score with inverse probability treatment weighting (IPTW), adjusted for factors as
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the long-term, all-cause death was observed in 33 cases
(33/424, 7.8%) in the unprescribed group and 35 cases
(35/424, 8.3%) in another group, with no significant dif-
ference in the risk of all-cause death as indicated by
univariate Cox regression analysis, and after IPTW
adjustment [HR 0.96; 95%CI 0.60-1.55; P=0.872], no
significant difference remained. Other endpoints, such as
all-cause rehospitalization, recurrent myocardial infarc-
tion, new-onset HF rehospitalization, cardiac death, and
MACE, showed no remarkable distinction between the
two groups (Additional file 1: Table S3).

Supplementary analysis
We used a restricted cubic splines curve (RCS curve)
to flexibly model and visualize the association of LVEF

values with all-cause mortality in AMI patients without
HF and with LVEF > 50%. The results (n=2519, three
knots) suggested that LVEF values were statistically sig-
nificant overall (P=0.005) and had a non-linear asso-
ciation with all-cause mortality (P-Nonlinear =0.043),
adjusted using propensity score IPTW. Not all LVEF
values were statistically significantly associated with
all-cause mortality in this study. An association
between LVEF values and reduced risk of all-cause
mortality existed only when 50% <LVEF <59%. Over-
all, when LVEF > 50%, hazard ratio values were almost
always below 1.0, which implies a lower risk of all-cause
mortality, and LVEF >50% might be a protective fac-
tor for all-cause mortality in these patients (Additional
file 1: Fig. S1).
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Table 3 Association of beta-blockers with outcomes in the long-term

Events Discharged with beta-blockers Discharged without beta-blockers P value
(N=2049) (N=470)

All-cause mortality

No. of patients with event® 166/2049 (8.1%) 39/470 (8.3%)

Unadjusted HR (95% Cl) 0.87 (0.61-1.23) 1.00 (ref) 0430

Adjusted HR (95% Cl)? 1.17 (0.70-1.94) 1.00 (ref) 0.547

Rehospitalization for any reason

No. of patients with event 718/2008 (35.8%) 192/465 (41.3%)

Unadjusted HR (95% Cl) 0.76 (0.65-0.90) 1.00 (ref) <0.001

Adjusted HR (95% Cl) 0.94 (0.73-1.20) 1.00 (ref) 0.605

Cardiac death

No. of patients with event 100/2049 (4.9%) 24/470 (5.1%)

Unadjusted HR (95% CI) 0.85(0.55-1.33) 1.00 (ref) 0.485

Adjusted HR (95%Cl) 1.36 (0.80-2.33) 1.00 (ref) 0.254

Recurrent myocardial infarction

No. of patients with event 76/2042 (3.7%) 20/470 (4.3%)

Unadjusted HR (95% Cl) 0.80 (049-1.31) 1.00 (ref) 0.381

Adjusted HR (95%Cl) 1.11(0.61-2.03) 1.00 (ref) 0.735

Rehospitalization for heart failure

No. of patients with event 124/2046 (6.1%) 25/470 (5.3%)

Unadjusted HR (95% Cl) 1.06 (0.69-1.62) 1.00 (ref) 0.808

Adjusted HR (95% Cl) 1.63 (0.98-2.70) 1.00 (ref) 0.073

MACE

No. of patients with event 230/2040 (11.3%) 53/470 (11.3%)

Unadjusted HR (95% Cl) 091 (0.68-1.23) 1.00 (ref) 0.549

Adjusted HR (95%Cl) 1.35(0.93-1.98) 1.00 (ref) 0.116

This study analyzed the relationship between beta-blockers and long-term outcomes. Univariate Cox analysis and propensity score IPTW corrected was performed

(N=2519)

AMI, acute myocardial infarction; LVEF, left ventricular ejection infraction; MACE, major adverse cardiovascular events; HR, hazard ratio; ref, reference

2 Correction was performed using propensity score inverse probability treatment weighting (IPTW), included variables were sex, age, time of onset, LVEF, type of
myocardial infarction, admission heart rate, admission systolic blood pressure, admission diastolic blood pressure, body mass index (BMI), site of myocardial infarction,
Killip > 1, history of hypertension, history of diabetes mellitus, history of chronic kidney disease, history of coronary artery disease (CAD), family history of CAD, history
of stroke, history of peripheral vascular disease, history of hyperlipidemia, history of smoking, history of tumor, atrial fibrillation, coronary angiography, PTCA therapy,
PCl therapy, thrombolytic therapy, type of PCI, timely reperfusion therapy, total reperfusion therapy, CKMB, Tnl, HbA1c, blood urea nitrogen, creatinine, eGFR, LDL-c,
cardiac aneurysm, anticoagulants, aspirin, clopidogrel/ticagrelor, dual antiplatelet therapy, statins, ACEI/ARB/ARNI

Discussion

The present study was designed to detect the appropri-
ate use of beta-blockers in AMI patients without HF
and with LVEF >50%. We found beta-blockers might
reduce the risk of recurrent myocardial infarction in
short-term (1-year); beta-blockers could not improve
the short and long-term risk of all-cause mortality, all-
cause rehospitalization, hospitalization for HF, and car-
diac death in those patients; all-cause mortality might
not be associated with beta-blockers in all subgroups;
LVEF values > 50% might be a protective factor for all-
cause mortality.

Recommendations for the beta-blockers in AMI
patients differ from the guidelines. The European Soci-
ety of Cardiology (ESC 2015/2017) recommend that
long-term application of beta-blockers is required in

patients with STEMI (Ila, B) or NSTEMI (I, A) only if
combined with a reduced left ventricular systolic func-
tion [11, 12], whereas the American College of Cardi-
ology/American Heart Association (ACC 2013/AHA
2014) recommend that patients with STEMI (I, B) or
NSTEMI (Ila, C) should be administered consistently
after discharge, regardless of ejection fraction [13, 14].
Such disparate recommendations pose a problem for
the individualized use of beta-blockers in AMI patients,
which caused AMI patients to be prescribed beta-
blockers endlessly irrespective of HF and irrespective
of LVEF.

To our knowledge, this is the first study regarding
the prognostic associations of beta-blockers on AMI
patients without HF and with preserved ejection fraction
(LVEF >50%). We found that the beta-blockers failed to
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Hazard Ratio Plot
Subgroup No. of Patients (%) HR for all-cause mortality (95% Cl) P Value P interaction
Overall 2519 (100) He— 1.17 (0.70-1.94) 0.547
Age (years) 0.270
<75 2121 (84.2) ] 0.96 (0.46-1.99) 0.907
>= 75 398 (15.8) ] 0.46 (0.73-2.00) 0.466
Sex 0.285
Male 2002 (79.5) - 1.02 (0.64-1.61) 0.943
Female 517 (20.5) } . | 1.73 (0.57-5.24) 0.335
Killip Class 0.430
Killip | 2237 (88.8) 'L' 1.12 (0.62-2.03) 0.703
Killip >= Il 282 (11.2) 0.96 (0.31-2.97) 0.938
Cigarette Smoking 0.684
Yes 1653 (65.6) — 1.76 (0.95-3.26) 0.074
No 866 (34.4) —— 1.50 (0.68-3.31) 0.316
MI type 0.237
STEMI 1621 (64.4) }ﬁ‘ 1.13 (0.63-2.00) 0.689
NSTEMI 898 (35.6) 0.97 (0.36-2.12) 0.763
Hypertension 0.219
Present 1396 (55.4) Ha—] 1.24 (0.73-2.09) 0.430
Absent 1123 (44.6) ] 1.05 (0.55-2.01) 0.876
Diabetes mellitus 0.996
Present 781 (31.0) | = | 2.28 (0.94-5.51) 0.068
Absent 1738 (69.0) f—— 1.31 (0.78-2.20) 0.301
Atrial fibrillation 0.116
Present 99 (3.9) } . | 2.07 (0.78-5.50) 0.144
Absent 2420 (96.1) ] 0.99 (0.54-1.79) 0.968
Primary PCI 0.802
Yes 1362 (54.1) ——a-—— 1.43 (0.60-3.42) 0.417
No 1157 (45.9) = 0.98 (0.53-1.83) 0.959
PClI therapy 0.862
Yes 2004 (79.6) Iw 1.06 (0.63-1.81) 0.820
No 515 (20.4) 0.85 (0.50-1.47) 0.570
Total revascularization 0.843
Yes 2017 (80.1) w 1.08 (0.63-1.83) 0.784
No 502 (19.9) 0.86 (0.50~1.48) 0.593
N S B S T 1
051152253 354 45555
<-—-Discharge with beta—-blocker Better-—-- ---Discharge without beta-blocker Better———>
Fig. 3 Subgroups analysis. The association of beta-blockers with all-cause mortality was analyzed in different subgroups (N=2519). In this study, no
statistically significant association between beta-blockers and subgroups was observed, and there was no interaction. The P-values were adjusted
with propensity score inverse probability treatment weighting (IPTW), and the adjusted factors are shown in Table 2

lower the risk of all-cause mortality, in the short and long
term. Review of previous relevant studies. AMI patients
without HF (n=30177, no LVEF information available)
did not benefit from beta-blockers prescribed at dis-
charge, in terms of cardiovascular prognosis, according to
Holt et al. [15]. In a multicenter prospective cohort study
(223 centers, n=2679), prescribed beta-blockers at dis-
charge might not associate with lower one-year mortal-
ity in AMI patients without HF and LVEF >40% (enrolled
patients with COPD/previous AMlI/previous PCI/
previous CABG) [6]. Also, the study noted prescribed

beta-blockers at discharge did not reduce the risk of all-
cause mortality within one year in AMI patients without
HF or LVEF >30% (n=91895) [7]. Besides, the result of a
meta-analysis suggested the application of beta-blockers
did not contribute to a significant reduction in the risk
of all-cause mortality in AMI patients without HF or
with LVEF>40% (in reality, some patients with HF or
LVEF <40%) [16]. Previous related studies have found
similar results in different populations. In contrast to the
above studies, the present study population was distinct,
our study strictly determined the LVEF threshold at 50%
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and all AMI patients without HF. Also this study with
stringent inclusion and exclusion standards, the possibil-
ity of confounding can be reduced.

There are some dissenting opinions about the role of
beta-blockers. Irrespective of LVEF, prescribed beta-
blockers at discharge reduced the one-year risk of all-
cause mortality by 29% in AMI patients (n=2592;
LVEF<40% accounted for 12.4%, n=321) [17]. AMI
Patients with reduced LVEF (LVEF <40%, n=1670) and
intermediate-range LVEF (40% <LVEF <50%, n=2904)
had a reduced risk of MACE at one year, but the benefit
was not present in AMI patients with preserved LVEF
(LVEF >50%, n=7626) [18]. Those two reports enrolled
AMI patients with LVEF < 50% and AMI patients with HF,
the benefit of beta-blockers may be derived from heart
failure with reduced ejection fraction (HFrEF) patients
[17, 18]. Our study did not cover patients with HF and
with a longer follow-up period. A recent cohort study
in Korea reported that treatment with beta-blockers for
more than one year after discharge among AMI patients
without HF resulted in a reduced risk of all-cause mor-
tality (the LVEF information was not revealed) [8]. How-
ever, the secondary prevention medications in this study
were used more frequently in patients treated with beta-
blockers than those not, such as aspirin (94.9% vs. 69.7%,
P<0.001), clopidogrel (69.3% vs. 50.7%, P<0.001), and
statins (95.2% vs. 68.6%, P<0.001). The benefits of beta-
blockers observed in the study may be derived from other
secondary prevention agents for coronary heart disease.

In our study, patients prescribed beta-blockers were
more often treated with ACEI/ARB/ARNI, considering
possible reasons: patients prescribed beta-blockers were
younger, had fewer inferior or posterior wall myocardial
infarctions, and had higher and more stable blood pres-
sure on admission.

There are some likely reasons for the lack of prognostic
benefit of beta-blockers observed among AMI patients
without HF and with preserved LVEF. Firstly, studies have
found beta-blockers acquire beneficial effects by reducing
fatal arrhythmias, myocardial ischemia, and reinfarction,
but patients with preserved LVEF may have less myocar-
dial scarring and more surviving cardiomyocytes than
AMI patients with reduced LVEF [18]. Secondly, sympa-
thetic activity is enhanced after AMI. Beta-blockers may
suppress cardiac remodeling by reducing oxygen con-
sumption and prevent arrhythmias by slowing the heart
rate. The rapid reperfusion therapy after AMI may sup-
press sympathetic activity to achieve a similar effect as
beta-blockers [7]. In particular, the large-scale construc-
tion of chest pain centers in China has further shortened
revascularization time. Thirdly, beta-blockers were essen-
tial in the treatment of HFrEF, but limited evidence sup-
ports their use in heart failure with mid-range ejection

Page 10 of 11

fraction (HFmrEF) or heart failure with preserved ejec-
tion fraction (HFpEF) [9]. To accurately determine the
value of beta-blockers, we only choose AMI patients
without HF and with preserved LVEF.

Investigating the role of beta-blockers in AMI patients
without HF and with preserved ejection fraction is of
great importance for the accurate treatment of patients
with AMI. There are several randomized controlled tri-
als that are exploring the role of beta-blockers in patients
without reduced LVEF after AMI (NCT03596385,
NCT03646357, NCT03498066, NCT03278509), and we
expect that they will provide a high-quality reference for
the use of beta-blockers in patients with AMI.

Limitations

In this retrospective, observational study, although 5,332
patients were initially recruited, only 2519 patients were
ultimately included in the cohort. The scientific validity
of the study is limited by the sample size and the inher-
ent failure to correct for unknown additional confound-
ers. Second, all-cause mortality was a competing risk for
recurrent myocardial infarction in our study [19, 20], and
to some extent affects the evaluation of the utility of beta-
blockers for recurrent myocardial infarction; future stud-
ies need to take this issue of competing risks into account.
Third, our study is a retrospective study and it is difficult
to obtain information about the use of beta-blockers over
the entire follow-up period in patients with AMI. For
example, whether the use of beta-blockers was regular?
What was the dose used? Also, our findings are not gen-
eralizable and apply to a select subgroup of patients with
AMI (without HF and with preserved LVEF).

Conclusions

Prescribed beta-blockers might not be associated with
all-cause mortality in AMI patients without HF and with
preserved LVEF (LVEF > 50%), either in the short or long
term. However, beta-blockers might be associated with a
reduced risk of recurrent myocardial infarction in those
patients in the short term. Re-evaluation of the role of
beta-blockers in those patients is still warranted.
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