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a b s t r a c t
Background: Beta-blockers are associated with several clinical beneﬁts in patients with reduced left ventricular ejection fraction (REF) after acute myocardial infarction (AMI), such as lower rates of mortality, recurrence of myocardial
infarction, and heart failure. However, the long-term prognosis of beta-blockers has rarely been investigated in patients with non-REF after AMI. This study aimed to investigate the clinical beneﬁts of beta-blockers in these patients.
Methods: A total of 3281 consecutive patients who were hospitalized within 48 h after AMI were registered in the JMINUET study. Patients who underwent primary percutaneous coronary intervention (PCI) and had a left ventricular
ejection fraction ≥40 % were enrolled, and patients who died during admission were excluded. Included patients were
divided into two groups according to the prescription of beta-blockers at discharge. Their characteristics and clinical
outcomes were compared.
Results: The number of AMI patients treated with beta-blockers was 1353 (70.4 %). Patients who received betablockers were younger and had a higher incidence of hypertension, dyslipidemia, and ST-segment elevation
myocardial infarction than those who did not receive beta-blockers. The peak creatine kinase level after primary
PCI was signiﬁcantly higher in patients who received beta-blockers. These patients also had a lower incidence of a
composite of all-cause death, myocardial infarction, and stroke compared to those that did not receive betablockers (7.3 % vs. 11.9 %, p = 0.001). Multivariate analysis showed that beta-blocker use was an independent factor
for better clinical outcomes.
Conclusions: The J-MINUET study revealed the clinical beneﬁt of beta-blockers in AMI patients with non-REF after
primary PCI.
© 2022 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.

antiarrhythmic agents and reduce myocardial oxygen demand, which accelerates myocardial necrosis, by controlling heart rate and myocardial
contraction during the acute phase of AMI [5]. Beta-blockers are associated
with a survival beneﬁt and suppression of left ventricular remodeling in
patients with left ventricular dysfunction after AMI [3,6]. Therefore, some
guidelines strongly recommend the use of beta-blockers in patients with
reduced left ventricular ejection fraction (REF) or heart failure after the
onset of AMI (class I) including ST-segment elevation myocardial infarction (STEMI) and non-STEMI [7–9]. However, the beneﬁts of betablockers in AMI patients with non-REF after primary PCI are unclear.
Therefore, beta-blockers are not strongly recommended for patients

Introduction
In recent decades, primary percutaneous coronary intervention (PCI)
has been established as the standard treatment for patients with acute
myocardial infarction (AMI). It has been reported that early reperfusion
of the culprit coronary artery in AMI patients improves clinical outcomes
and left ventricular ejection fraction (LVEF) [1]. Treatment with reninangiotensin-system (RAS) blockers, beta-blockers, and statins has also
contributed to the improvement of clinical outcomes [2–4]. Betablockers have been used in AMI patients since before the introduction
of reperfusion therapy in clinical practice. Beta-blockers act as

Fig. 1. Study ﬂow chart.
AMI, acute myocardial infarction; LVEF left ventricular ejection fraction; PCI, percutaneous coronary intervention; REF, reduced left ventricular ejection fraction.
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without heart failure and with left ventricular ejection fraction >40 % because of a lack of evidence [10]. Recent guidelines recommend the use of
cardiac troponin for the diagnosis of AMI [11]. Most previous studies that
investigated the efﬁcacy of beta-blockers in patients with AMI did not include non-STEMI patients without creatine kinase (CK) elevation because
these patients were treated as unstable angina.
This study aimed to investigate the clinical beneﬁt of beta-blockers in
patients with troponin-positive AMI without LV dysfunction in the era of
primary PCI.

Table 2
Laboratory ﬁndings.

Hb, g/dl
TC, mg/dl
HDL-C, mg/dl
LDL-C, mg/dl
TG, mg/dl
HbA1c, %
eGFR, ml/min/m2
Peak CK, IU/L

Methods

LVEF, %

Study design and subjects

Age, years
Male
Hypertension
Diabetes mellitus
Dyslipidemia
CKD
Current smoker
Past history
Prior MI
Prior PCI
Prior CABG
Atrial ﬁbrillation
Stroke
PAD
Medications on admission
Anti-platelet therapy
Dual anti-platelet therapy
Oral anti-coagulation
therapy
ACE inhibitor
ARB
MR blocker
Diuretics
Statin
Oral anti-diabetic agent
Insulin
Presentation
STEMI
non-STEMI+CK
non-STEMI–CK
Systolic BP, mm Hg
Heart rate, bpm
Killip classiﬁcation
Class 1
Class 2
Class 3
Class 4
Onset to admission, min

68.6 ± 12.3
75.8 %
61.1 %
35.7 %
47.9 %
37.0 %
38.7 %

67.0 ± 12.1
77.0 %
67.7 %
36.1 %
55.5 %
36.7 %
37.0 %

0.007
0.562
0.006
0.789
0.002
0.906
0.487

7.7 %
12.2 %
1.8 %
4.4 %
9.0 %
3.8 %

10.6 %
13.7 %
2.2 %
3.7 %
9.4 %
2.9 %

0.053
0.353
0.512
0.470
0.813
0.305

22.6 %
5.8 %
4.0 %

22.5 %
6.2 %
2.5 %

0.938
0.726
0.072

4.4 %
24.0 %
0.5 %
6.0 %
22.8 %
16.8 %
3.7 %

6.4 %
25.6 %
1.1 %
7.7 %
22.4 %
17.4 %
4.2 %

0.081
0.478
0.226
0.182
0.833
0.750
0.592
<0.001

70.0 %
14.2 %
15.8 %
136.7 ± 31.1
73.5 ± 18.5

78.6 %
13.5 %
7.9 %
140.1 ± 32.4
77.6 ± 20.0

84.0 %
8.6 %
2.5 %
4.9 %
137
[70–360]

83.3 %
8.0 %
3.0 %
5.8 %
158
[75–370]

p-value

13.7 ± 1.9
187.9 ± 37.8
47.1 ± 14.1
119.5 ± 36.2
123.1 ± 98.3
6.3 ± 1.4
67.5 ± 28.6
1180
[403–2429]
59.1 ± 9.0

14.1 ± 4.3
188.5 ± 43.8
46.5 ± 12.6
120.1 ± 37.3
128.5 ± 117.7
6.3 ± 1.3
70.3 ± 39.4
1918
[847–3563]
55.6 ± 9.1

0.034
0.784
0.412
0.761
0.350
0.797
0.130
<0.001
<0.001

admission (n = 213) were excluded. Patients with non-REF were deﬁned
as those with an LVEF ≥40 %. Finally, 1955 patients with non-REF
were studied and divided into two groups according to whether
they did (n = 1353, beta-blocker group) or did not (n = 570, nonbeta-blocker group) receive beta-blockers at discharge (Fig. 1). Threeyear clinical outcomes were compared between the two groups. Clinical
follow-up after the index admission was performed through a review of
medical records, telephone contact, and mailed questionnaires.
The design, inclusion criteria, and results of the J-MINUET study have
been previously reported [12]. Brieﬂy, AMI was diagnosed using a universal deﬁnition, in which cardiac troponin (cTn) was used as a reliable
biomarker for detecting myocardial injury [8]. STEMI was diagnosed
based on the presence of new ST elevation at the J point in at least two
contiguous leads ≥0.2 mV in men or ≥0.15 mV in women in leads V2–3,
or ≥0.1 mV in another two contiguous leads [8,11]. A new or presumably
new left bundle branch block was considered equivalent to STEMI.
Treatment-related data, such as coronary interventions and medications,
were recorded. Urgent coronary angiography (CAG) was performed
within 48 h of admission. LVEF was measured using either ultrasound or
left ventricular angiography during hospitalization. If the patients had
two or more LVEF measurements during admission, the latest LVEF
value was used.

Table 1
Baseline clinical characteristics on admission.
Beta-blocker
group (n = 1353)

Beta-blocker group
(n = 1353)

Values are mean ± SD, or median [inter quartile range].
Hb, hemoglobin; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; TG, triglyceride; HbA1c, hemoglobin A1c; eGFR, estimated glomerular ﬁltration rate; CK, creatine kinase; LVEF, left ventricular ejection fraction.

The Japanese registry of acute Myocardial Infarction diagnosed by
Universal dEﬁniTion (J-MINUET) was a prospective and multicenter
study conducted in 28 Japanese medical institutions (UMIN000010037).
A total of 3283 consecutive patients admitted within 48 h after the
onset of AMI were enrolled between July 2012 and March 2014. Patients
who underwent primary PCI were included in this study. Patients without
LVEF measurement (n = 514), REF (LVEF <40 %) (n = 245), patients who
did not undergo primary PCI (n = 453), and those who died during

Non-beta-blocker
group (n = 570)

Non-beta-blocker group
(n = 570)

p-value

Table 3
Procedural ﬁndings and medications at discharge.

Radial approach
LAD lesion
Multi-vessel disease
Initial TIMI ﬂow 0–1
Final TIMI ﬂow 0–2
Door to device time, min

0.034
<0.001
0.774

Onset to device time, min
Medications at discharge
Anti-platelet therapy
Dual anti-platelet therapy
Oral anti-coagulation
therapy
RAS blocker
MR blocker
Diuretics
Statin
Oral anti-diabetic agent
Insulin

0.372

Values are mean ± SD, median [inter quartile range] or percentage.
CKD, chronic kidney disease; MI, myocardial infarction; PCI, percutaneous coronary
intervention; CABG, coronary artery bypass graft; PAD, peripheral artery disease; RAS
blocker, renin-angiotensin-system blocker; MR blocker, mineralocorticoid-receptor blocker;
STEMI, ST-segment elevation myocardial infarction; non-STEMI+CK, non-ST-segment
elevation myocardial infarction with creatine kinase (CK) elevation; non-STEMI-CK, nonST-segment elevation myocardial infarction without CK elevation; BP; blood pressure.

Non-beta-blocker
group (n = 570)

Beta-blocker
group (n = 1353)

p-value

41.8 %
36.3 %
37.2 %
60.0 %
6.7 %
80
[52–132]
262
[157–566]

29.6 %
50.5 %
42.6 %
65.8 %
6.4 %
70
[51–111]
262
[155–536]

<0.001
<0.001
0.029
0.015
0.835
0.003

96.7 %
77.0 %
8.8 %

98.9 %
85.3 %
11.3 %

<0.001
<0.001
0.109

74.6 %
1.1 %
1.4 %
85.6 %
22.5 %
4.3 %

85.9 %
0.8 %
1.4 %
92.0 %
25.7 %
4.5 %

<0.001
0.637
0.934
<0.001
0.140
0.823

0.802

Values are median [inter quartile range] or percentage.
LAD, left anterior descending artery; TIMI, thrombolysis in myocardial infarction; RAS
blocker, renin-angiotensin-system blocker; MR blocker, mineralocorticoid-receptor blocker.
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proﬁle, hemoglobin A1c, and eGFR levels between groups. Patients
who received beta-blockers showed signiﬁcantly higher peak CK and
lower LVEF than those who did not.

Table 4
Three-year clinical outcomes.

Primary outcome, composite of all
cause death, non-fatal MI, and
non-fatal stroke
All-cause death
Cardiovascular death
Non-fatal MI
Non-fatal stroke
Heart failure admission
UAP revascularization
Composite of all-cause death,
non-fatal MI, non-fatal stroke, and
heart failure admission

Non-beta-blocker
group
(n = 570)

Beta-blocker
group
(n = 1353)

p-value

11.9 %

7.3 %

0.001

6.0 %
1.8 %
3.2 %
4.2 %
3.2 %
5.4 %
13.9 %

3.5 %
1.0 %
2.4 %
2.5 %
3.4 %
6.5 %
10.1 %

Procedural ﬁndings and medications at discharge
Compared with the non-beta-blocker group, the beta-blocker group
showed a lower incidence of radial approach, higher incidence of left
anterior descending coronary artery (LAD) lesion and multi-vessel disease, and worse initial thrombolysis in myocardial infarction (TIMI)
ﬂow. Patients who received beta-blockers showed signiﬁcantly shorter
door-to-device times, but the onset-to-device time was similar between
the two groups (Table 3).
More than 95 % of the patients received antiplatelet therapy at discharge. Patients who received beta-blockers had a higher incidence of
administration of antiplatelet therapy, dual antiplatelet therapy, RAS
blockers, and statins than those who did not.

0.009
0.144
0.370
0.047
0.787
0.376
0.018

Values are percentages.
MI, myocardial infarction; UAP, unstable angina pectoris.

Three-year clinical outcomes
The primary outcome was the composite of all-cause death, nonfatal
MI, and non-fatal stroke in this study. The secondary outcomes included
all-cause death, cardiovascular death, non-fatal MI, non-fatal stroke,
heart failure admission, unstable angina pectoris with revascularization,
and the composite of all-cause death, non-fatal MI, non-fatal stroke, and
heart failure admission.
This study was conducted in accordance with the principles of the
Declaration of Helsinki. The protocol was approved by the ethics committee of each participating institution.

During a 3-year follow-up, 170 patients (8.7 %) experienced clinical
events. The incidence of the primary outcome, a composite of all-cause
death, non-fatal MI, and non-fatal stroke was signiﬁcantly lower in patients who received beta-blockers than in those who did not (7.3 % vs.
11.9 %, p = 0.001). The patients who received beta-blockers had a
lower incidence of all-cause death (3.5 % vs. 6.0 %, p = 0.009), nonfatal stroke (2.5 % vs. 4.2 %, p = 0.047), and a composite of the primary
outcome and heart failure admission (10.1 % vs. 13.9 %, p = 0.018). The
patients who received beta-blockers tended to have a lower incidence
of cardiovascular death (2.4 % vs. 3.2 %, p = 0.144) and non-fatal MI
(1.0 % vs. 1.8 %, p = 0.370). However, the incidence of heart failure admission was similar between the two groups (Table 4 and Fig. 2).

Statistical analysis
All continuous variables are described as mean with standard
deviation for parametric results, and median with interquartile range
(25th–75th percentile) for non-parametric results. All categorical or
non-continuous variables are described as counts with percentages
(%). For comparisons between two groups, the chi-square test was
applied for categorical results, the t-test was applied for parametric continuous results, and the Mann–Whitney U test was applied for nonparametric continuous results. Kaplan–Meyer analysis was conducted to
analyze the time to event occurrence in both groups, and the difference
between the two groups was assessed by the log-rank test. Univariate
and multivariate Cox proportional hazard models were used to calculate
the hazard ratios. To study the efﬁcacy of beta-blockers on the primary
endpoint, a subgroup analysis was performed according to sex, LVEF, estimated glomerular ﬁltration rate (eGFR), and age (divided by median
value). Statistical analyses were performed using JMP® 13 (SAS Institute
Inc., Cary, NC, USA). Statistical signiﬁcance was set at p < 0.05.

Predictors for the primary outcome
Multivariate analysis was performed to predict the primary outcome. Younger age, the use of beta-blockers and RAS blockers at discharge, better LVEF, and STEMI were independent negative predictors
of the primary outcome (Table 5).
Primary endpoint for selected subgroups
In the subgroup analysis, patients with LVEF ≥50 % and elderly patients who received beta-blockers showed a better primary endpoint
than those who did not (Fig. 3).
Discussion

Results

The J-MINUET study included consecutive patients diagnosed with
AMI based on a universal deﬁnition. One of the biggest differences
from previous studies is that the J-MINUET study included patients
with non-STEMI without CK elevation, and showed that patients with
non-STEMI without CK elevation also had a poor long-term prognosis
[13]. Previous studies have shown that beta-blockers have a positive impact on prognosis, but most of these were limited to patients who had a
reduced LVEF and were diagnosed with STEMI or AMI, including STEMI
and non-STEMI with CK elevation [3]. However, whether beta-blockers
are clinically useful in AMI patients without LV dysfunction after primary PCI is unclear. In this era of primary PCI, the effect of betablockers on the long-term prognosis of patients with AMI diagnosed according to the new deﬁnition needs to be investigated. The main ﬁndings are as follows: 1) the incidence of the primary outcome, a

Baseline clinical characteristics
Among 1955 non-REF patients, 1353 (70.1 %) received beta-blockers
at discharge. Baseline clinical characteristics on admission are shown in
Table 1. Patients who received beta-blockers were signiﬁcantly younger
and showed a signiﬁcantly higher incidence of coronary risk factors
such as hypertension and dyslipidemia compared to those who did
not. The incidence of STEMI was higher in the beta-blocker group than
in the non-beta-blocker group.
The laboratory ﬁndings are shown in Table 2. Patients who received
beta-blockers showed signiﬁcantly higher levels of hemoglobin than
those who did not. There were no signiﬁcant differences in the lipid

Fig. 2. Event-free Kaplan-Meier survival curves. (A) Primary outcome: composite of all-cause death, non-fatal MI and non-fatal stroke. (B) All-cause death. (C) Non-fatal MI. (D) Non-fatal
stroke. (E) Heart failure admission. (F) Cardiovascular death, non-fatal MI, non-fatal stroke.
BB, beta-blocker; MI, myocardial infarction.
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BB group

Non BB group
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beta-blocker group. These ﬁndings suggested that beta-blockers were
aggressively prescribed with the expectation that they would inhibit
myocardial damage and left ventricular remodeling. The higher incidence
of LAD lesions as AMI culprit lesions, multi-vessel disease, and worse initial TIMI ﬂow at emergent CAG in the beta-blocker group indicated a
poorer condition. In fact, patients who received beta-blockers were aggressively treated with anti-atherosclerotic agents and cardio-protective
agents, such as antiplatelet therapy, RAS blockers, and statins.

Table 5
Predictors for primary outcome.
Predictor

Age
RAS-blocker at discharge
Beta-blocker at discharge
LVEF, %
STEMI
CKD
Multi-vessel disease
Statin
LAD lesion

Univariate model

Multivariate model

HR

95 % CI

p-value

HR

95 % CI

p-value

1.04
0.50
0.60
0.99
0.63
1.63
1.41
0.53
0.87

1.02–1.05
0.36–0.70
0.44–0.82
0.97–1.00
0.46–0.87
1.21–2.20
1.04–1.90
0.36–0.81
0.63–1.20

<0.001
<0.001
0.001
0.017
0.005
0.002
0.026
0.004
0.398

1.03
0.61
0.66
0.98
0.70
1.33
1.33
0.78
1.01

1.01–1.04
0.42–0.89
0.47–0.94
0.96–1.00
0.49–1.00
0.95–1.86
0.96–1.85
0.50–1.24
0.72–1.41

<0.001
0.012
0.021
0.033
0.048
0.102
0.087
0.282
0.973

Beta-blockers and clinical outcomes in AMI patients without LV dysfunction
In recent decades, the beneﬁts of beta-blockers have been unclear in
AMI patients without LV dysfunction after primary PCI. The beneﬁts of
beta-blockers on long-term mortality in STEMI patients were conﬁrmed
in patients with a high GRACE score [14], those with reduced EF [15],
those with anterior infarction [16], and those with multi-vessel disease
[17]. Since the cardioprotective effects of beta-blockers correspond to a
reduction in oxygen demand mediated by suppression of LV contractility, negative chronotropic action, and left ventricular remodeling, the
clinical beneﬁts were clearly proven in patients with LV dysfunction
[15]. Our current study showed the signiﬁcant beneﬁts of betablockers on the primary endpoint, a composite of all-cause death,
non-fatal MI, and non-fatal stroke in AMI patients without LV dysfunction after primary PCI. In addition, there were signiﬁcant beneﬁts of
beta-blockers with respect to all-cause death and non-fatal stroke.
This effect may be due to the preventive effects of beta-blockers on ventricular tachycardia, atrial ﬁbrillation, and recurrent MI onset. In fact,
our study found a 1.8-fold higher incidence of cardiovascular death
and a 1.3-fold higher incidence of non-fatal MI in AMI patients who
did not receive beta-blockers than in those who received betablockers. Though we have no data for the type of beta-blockers in our
study, most patients were commonly administered either carvedilol or
bisoprolol in Japan. Several previous studies have shown that newer
generation beta-blockers have been shown to have good effects on
glycemic control, insulin sensitivity, prevention of atherosclerosis

HR, hazard ratio; CI, conﬁdence interval; RAS blocker, renin-angiotensin-system blocker;
LVEF, left ventricular ejection fraction; STEMI, ST-segment elevation myocardial infarction; CKD, chronic kidney disease; LAD, left anterior descending artery.

composite of all-cause death, non-fatal MI, and non-fatal stroke, was
signiﬁcantly lower in patients who received beta-blockers than in
those who did not; 2) patients who received beta-blockers had a
lower incidence of all-cause death; 3) patients who received betablockers had a lower incidence of non-fatal stroke; 4) there was a similar incidence of heart failure admission between the two groups; 5) the
use of beta-blockers was one of the independent predictors of the primary outcome; and 6) the beneﬁt of beta-blockers was seen in patients
with LVEF ≥50 % and elderly patients.
Clinical presentation
In this study, 70.4 % of AMI patients with non-REF were prescribed
beta-blockers. Compared with AMI patients who did not receive betablockers, patients who received beta-blockers had a higher incidence of
hypertension; however, contrary to expectations, there was no signiﬁcant
difference in the history of atrial ﬁbrillation. The beta-blocker group had a
higher incidence of STEMI, greater peak CK, and lower LVEF than the non-

Fig. 3. The effect of beta-blocker on primary endpoint.
EF, ejection fraction; eGFR, estimated glomerular ﬁltration rate.
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bradycardia, atrioventricular block, and chronic obstructive pulmonary
disease might be contraindicated to beta-blocker use or some of patients
with malignancy had given up taking beta-blockers. Second, the incidence of the primary outcome was relatively small; therefore, some clinical beneﬁts of beta-blockers in patients with AMI without LV dysfunction
might not be observed. Third, this study did not evaluate whether patients continued beta-blocker therapy, although it is well known that persistent beta-blocker therapy after AMI is associated with better mortality
outcomes [34]. Fourth, the type and dose of beta-blockers were not recorded, and we did not evaluate the effect of dose or type of betablockers on clinical outcomes. It is certain that most Japanese cardiologists use either carvedilol or bisoprolol for the patients after AMI [35].
Fifth, the change in LVEF during the follow-up period was not documented. The change in LVEF may affect clinical outcomes after the
onset of AMI. Sixth, since the exact reasons for mortality were not recorded, we could not determine the incidence of sudden cardiac death.
Further studies are required to conﬁrm this hypothesis.

progression, lipid metabolism, vasodilatory effect, or improvement of
endothelial function, in contrast to traditional or earlier generations of
beta-blocker [18–21]. Beta-blockers may reduce the onset of fatal arrhythmia and fatal MI, as well as embolic events, by preventing the
onset of atrial ﬁbrillation. A previous large cohort study concluded a
non-signiﬁcant effect of beta-blocker on clinical outcomes in AMI patients with LVEF >50 % [17]. The discrepancy between the previous
study and our study might have occurred by the difference in the
follow-up period and the number of study patients. The previous
study had a shorter follow-up period (6 months vs 3 years) and a
smaller study population (1081 vs 1955 patients).
Beta-blockers and heart failure admission in AMI patients without LV dysfunction
Several studies on patients with heart failure and an LVEF ≥40 % reported that beta-blockers did not improve a composite of cardiovascular
death and unplanned hospitalization for heart failure [22,23]. Furthermore, when the subjects were limited to patients with an LVEF ≥50 %,
beta-blocker prescriptions were associated with an increased risk of
heart failure admission [24]. Some studies also reported that betablockers for patients with non-REF increased brain natriuretic peptide
levels [24–26]. In our study, there was also a trend of increasing
incidence of heart failure hospitalizations in patients who received
beta-blockers, although the difference was not signiﬁcant. When betablockers are introduced for AMI patients with preserved EF, heart failure
may occur in a few cases.

Conclusions
The J-MINUET study showed a better clinical impact of beta-blockers
for improving the composite long-term prognosis in AMI patients without LV dysfunction who underwent primary PCI.
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