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Abstract

Aims Little is known about the long-term outcomes of 3-blockers use in patients with coronary artery disease (CAD) without
myocardial infarction (Ml) and reduced ejection fraction (rEF). However, more attention should be paid to the oral adminis-
tration of B-blockers in elderly patients who are susceptible to heart failure (HF), sinus node dysfunction, or rate response in-
sufficiency. We aimed to evaluate the long-term impact of -blockers in elderly patients with CAD without Ml or systolic HF
who have undergone percutaneous coronary intervention.

Methods and results A total of 1018 consecutive elderly patients with CAD (mean age, 72 = 7 years; 77% men) who
underwent their first intervention between 2010 and 2018 were included in this study. According to the presence or absence
of the use of B-blockers, 514 patients (50.5%) were allocated to the B-blocker group, and 504 (49.5%) to the non-B-blocker
group. We evaluated the incidence of 4-point major adverse cardiovascular events (4P-MACE), including cardiovascular death,
non-fatal MI, non-fatal stroke, admission for HF, target vessel revascularization (TVR), and all-cause death. We focused on the
association between chronotropic incompetence of B-blockers and incidence of a new HF and analysed the results using an
exercise electrocardiogram regularly performed in the outpatient department after percutaneous coronary intervention. Dur-
ing a median follow-up duration of 5.1 years, 83 patients (8.3%) developed 4P-MACE, including cardiovascular death in 17,
non-fatal Ml in 13, non-fatal stroke in 25, and admission for HF in 39 patients. Additionally, 124 patients (12.2%) had a TVR
and 104 (10.2%) died of other causes. Kaplan—Meier analysis showed that the cumulative incidence rate of 4P-MACE in the
B-blocker group was significantly higher than that in the non-B-blocker group (15.4% vs. 10.0%, log-rank test, P = 0.015). Above
all, the cumulative incidence rate of admission for HF in the B-blocker group was significantly higher (8.8% vs. 3.2%, log-rank
test, P < 0.001). The B-blocker group had significantly lower resting heart rate, stress heart rate, and stress-rest A heart rate
on exercise electrocardiogram. Multivariate Cox hazard analysis revealed that EF, B-blocker use, stress-rest A heart rate, and
CKD were strong independent predictors of admission for HF.

Conclusions Long-term B-blocker use was significantly associated with an increased risk of adverse cardiovascular events in
elderly patients with CAD without MI or systolic HF. In particular, the chronotropic incompetence action of -blockers could
increase the risk of admission for HF in elderly patients with CAD without Ml and systolic HF, and the present findings warrant
further investigation.
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Introduction

B-Blockers play an important and multifaceted role and are of-
ten used for management of ischaemic heart disease, heart
failure (HF), hypertension, tachycardia, and arrhythmia in the
field of cardiology. Above all, there are many reports on the
long-term outcomes of -blockers for management of myocar-
dial infarction (MI), and it has been reported that pB-blocker
treatment greatly contributes to the reduction of mortality
and cardiovascular events.>™ In particular, guidelines have
proposed the use of B-blockers in patients with ST-segment el-
evation Ml as follows: early intravenous f-blockers should be
considered due to reduction of malignant ventricular arrhyth-
mia and extent of microvascular obstruction in the acute
phase, and routine oral treatment with B-blockers should be
indicated in patients with reduced ejection fraction (rEF) un-
less contraindicated in the chronic phase.*®

However, whether B-blockers affect outcomes in patients
with coronary artery disease (CAD) without prior Ml after
percutaneous coronary intervention (PCl) remains uncertain.
Although there are some reports on the association between
B-blocker use and short-term or mid-term cardiovascular
events in patients with CAD without prior MI,57*° little is
known about the long-term outcomes of PB-blocker use in
these patients. Long-term [-blocker use is associated with
concerns regarding side effects. Major cardiac side effects
caused by B-blockers include precipitation or worsening of
congestive HF, significant negative chronotropy, symptomatic
bradycardia, and withdrawal syndrome.**? In particular,
more attention should be paid to elderly patients who are
susceptible to HF, sinus node dysfunction, and rate response
insufficiency.**** Thus, we aimed to evaluate the long-term
impact of B-blockers in elderly patients with CAD without
prior Ml or systolic HF after PCI.

Methods
Study population

This single-centre, observational, retrospective cohort study
was conducted at our institution. We enrolled 1298 consecu-
tive elderly patients with CAD (aged 60 years and older ac-
cording to the United Nations) without prior MI (ST-
elevation Ml and non-ST-elevation MI) who underwent their
first intervention for de novo coronary artery lesions between
January 2010 and February 2018. The exclusion criteria com-
prised the following patients: (i) with rEF (EF < 40%), (ii) un-
dergoing haemodialysis, (iii) with prior HF or atrial
fibrillation/flutter, and (iv) previously implanted with a per-
manent pacemaker.

We diagnosed the patients based on clinical scenarios such
as a classical history of anginal symptoms and new onset of

HF or left ventricular dysfunction, which were suspected to
be CAD, and CAD was detected at screening even if it was
asymptomatic. In addition, we confirmed the presence or ab-
sence of oral administration of all drugs on admission, and
then we verified that of B-blockers at discharge after the first
catheter intervention.

This study was approved by the ethics committee of our in-
stitution and all participants provided written informed con-
sent. The study protocol has been priorly approved by the
ethics committee of our institution. The investigation con-
forms with the principles outlined in the ‘Declaration of

Helsinki’.*®

Data collection and definitions

Data on patient characteristics were collected from the insti-
tutional database. Blood samples were collected in the morn-
ing, the day before the intervention, after an overnight fast,
and all blood tests were performed at the same laboratory.

Patients with a blood pressure > 140/90 mmHg or those
receiving antihypertensive drugs were regarded as
hypertensive.*® Dyslipidaemia was defined as either a triglyc-
eride (TG) level > 150 mg/dL, low-density lipoprotein choles-
terol (LDL-C) level > 140 mg/dL, high-density lipoprotein
cholesterol (HDL-C) level < 40 mg/dL, or the administration
of lipid-lowering therapy.’” Diabetes mellitus was defined as
either a haemoglobin Alc level of >6.5% or the administration
of oral hypoglycaemic drugs or insulin injections.*® Chronic
kidney disease (CKD) was defined as an estimated glomerular
filtration rate of <60 mL/min/1.73 m?, as calculated by the
Modification of the Diet in Renal Disease equation, which
was modified with a Japanese coefficient using the baseline
serum creatinine level.*® Patients were classified as anaemic
based on haemoglobin levels using the World Health Organi-
zation definition (<12.0 g/dL in women and <13.0 g/dL in
men).?° A positive family history of cardiovascular disease
was defined as the presence of any first degree relative with
premature cardiovascular disease (age <55 years for men
and <65 years for women).>* We analysed the type of coro-
nary artery lesion (A, B1, B2, or C) according to the classifica-
tion proposed by the American Heart Association (AHA)/
American College of Cardiology (ACC).%?

In addition, we regularly performed exercise electrocardi-
ography corresponds to 6 metabolic equivalents (METs),%3
as a simplified evaluation of exercise tolerance in the outpa-
tient setting after PCI.

Study endpoint
The endpoints of this study were 4-point major adverse car-

diovascular events (4P-MACE), defined as a composite of car-
diovascular death, non-fatal Ml, non-fatal stroke, admission
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for HF, target vessel revascularization (TVR), and all-cause
death. Cardiovascular death was defined as death resulting
from acute MI, sudden cardiac death, HF, stroke, cardiovascu-
lar procedures, cardiovascular haemorrhage, and other car-
diovascular causes. M|l was composed of ST-segment
elevation MI (ST elevation, abnormal biomarkers) and
non-ST elevation MI (no ST elevation, abnormal biomarkers).
Stroke was defined as ischaemic stroke, symptomatic intrace-
rebral haemorrhage, symptomatic subarachnoid haemor-
rhage, and not otherwise specified according to the
classification proposed by the Neurologic Academic Research
Consortium, because we considered it important in clinical
practice to clearly distinguish between clinically meaningful
and incidental findings. With regard to admission for HF, a
patient was required to have an unscheduled hospital admis-
sion for a primary diagnosis of HF with a length of stay that
either exceeded 24 h or crossed a calendar day, and typical
signs, symptoms, and diagnostic testing results with the diag-
nosis of HF. Any HF hospitalization was defined as the first
onset of HF in each patient. TVR was defined as any repeated
percutaneous intervention or surgical bypass of any segment
of the target vessel, including the target lesion.>*2®

Clinical follow-up data were collected from the patients’
medical records or by contacting the patients or their families
if they had not been followed up at our institution after the
intervention. Information about the circumstances and date
of death was obtained from the families of patients who died
at home, and details of events associated with the cause of
death were supplied by the staff of other hospitals or clinics
to which the patient had been admitted. Blinded investiga-
tors collected all data.

Statistical analysis

Categorical data were presented as numbers and percentages
and compared using the y° test. Continuous variables were
expressed as mean * standard deviation or as median and in-
terquartile range and compared using one-way analysis of
variance or the Kruskal-Wallis test. The Kolmogorov—Smirnov
test examined whether scores were likely to follow a certain
distribution in all patients. If P < 0.05, we did not believe that
the variable follows a normal distribution. Kaplan—Meier
analysis for the cumulative incidence of 4P-MACE, TVR, and
all-cause death was used to compare the two groups based
on the presence or absence of B-blockers, and differences be-
tween groups were assessed using the log-rank test. Multivar-
iate Cox analysis was performed using stepwise selection
with entry/stay criteria of 0.20/0.20. Regarding 4P-MACE,
B-blocker use, age, sex, brain natriuretic peptide (BNP) levels,
LDL-C levels, EF, CKD, and anaemia were included in the list of
candidate covariates. Furthermore, we evaluated the associa-
tions between B-blocker use and 4P-MACE after adjustment
for age, sex, BNP levels, LDL-C levels, EF, CKD, anaemia,

hypertension, and smoking, either the candidate covariates
shown in the multivariate Cox hazard analysis or the factors
with significant differences between the two groups.

All probabilities were expressed as two-tailed values, with
statistical significance set at P < 0.05. All confidence intervals
(Cls) were computed at 95% level. All data were analysed
using JMP Version 14.2 for Macintosh (SAS Institute, Cary,
NC, USA).

Results
Baseline characteristics

Overall, we studied 1018 consecutive elderly patients with
CAD without MI after PCl. We excluded 169 patients with
rEF (EF < 40%), 93 undergoing haemodialysis, 123 with prior
HF or atrial fibrillation/flutter, and 15 previously implanted
with a permanent pacemaker. A total of 514 patients (50.5%)
were allocated to the B-blocker group, and 504 (49.5%) were
allocated to the non-B-blocker group (Figure ). In addition,
the breakdown of B-blockers was 58% for bisoprolol, 34% for
carvedilol, and 8% for other B-blockers.

Baseline clinical characteristics are summarized in Table 1.
The mean age was 72 £ 7 years, and 77% of the patients were
men. The prevalence of hypertension, dyslipidaemia, diabe-
tes mellitus, anaemia, and CKD was 75%, 76%, 41%, 34%,
and 23%, respectively. The B-blocker group had significantly
higher BNP levels, TG levels, and proportion of hypertension
and CKD, as well as lower heart rate, HDL-C levels, EF, and
proportion of smoking (all P < 0.05).

With regard to baseline lesion and procedural characteris-
tics, we investigated lesion site, classification, length, and ref-
erence diameter; and stent type, length, and diameter. There
was no significant difference between the two groups in ei-
ther lesion or procedural characteristics (Table 2).

Clinical outcome

The median follow-up duration was 5.1 years (interquartile
range, 3.1-7.2 years), and the prognostic data were fully
documented during the entire follow-up period. During the
follow-up, 83 patients (8.3%) developed 4P-MACE, including
cardiovascular death in 17, non-fatal Ml in 13, non-fatal
stroke in 25, and admission for HF in 39. In addition, 124
patients (12.2%) had a TVR, and 104 (10.2%) died of other
causes.

Kaplan—Meier analysis showed that the cumulative inci-
dence rate of 4P-MACE in the B-blocker group was signifi-
cantly higher than that in the non-B-blocker group (15.4%
vs. 10.0%, log-rank test, P = 0.015) [Figure 2(A)]. However,
the analysis showed that there was no significant difference
between the two groups for TVR (15.1% vs. 14.3%, log-rank
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Figure 1 Study flow chart. Among 1298 elderly CAD patients without M, we excluded the following persons: patients with rEF (EF < 40%), patients
undergoing haemodialysis, patients with prior HF or atrial fibrillation, and patients previously implanted permanent pacemaker. We studied 1018 pa-
tients with CAD. The patients were divided into two groups based on the presence or absence of B-blockers. A total of 514 patients (50.5%) were al-
located to the B-blocker group, and 504 patients (49.5%) were allocated to the non-B-blocker group. CAD, coronary artery disease; EF, ejection fraction;

HF, heart failure; MI, myocardial infarction; rEF, reduced ejection fraction.

1298 elderly CAD patients without Ml

underwent first intervention between 2010-2018

patients with rEF and unknown EF (n=169)
patients with hemodialysis (n=93)
patients with prior HF or atrial fibrillation / flutter (n=123)

patients with implantable pacemaker (n=15)

we studied 1018 consecutive elderly CAD patients

B-blocker group
n=514

Non-B-blocker group
n=504

test, P = 0.628) [Figure 2(B)] and all-cause death (11.4% vs.
17.8%, log-rank test, P = 0.257) [Figure 2(C)]. In addition, with
regard to the breakdown of 4P-MACE, the cumulative inci-
dence rate of admission for HF in the -blocker group was sig-
nificantly higher than in the non-B-blocker group (8.8% vs.
3.2%, log-rank test, P < 0.001) [Figure 3(A)], but the
Kaplan—Meier curves for cardiovascular death (P = 0.607),
non-fatal Ml (P = 0.944), and non-fatal stroke (P = 0.877) be-
tween the two groups were not significantly different. Even if
it was limited to patients with EF > 50% [so-called preserved
EF (pEF)] except for the patients with EF 40-49% (mildly re-
duced EF), Kaplan—Meier analysis showed that the cumula-
tive incidence rate of admission for HF in the B-blocker
group was significantly higher than that in the non-B-blocker
group (6.9% vs. 3.0%, log-rank test, P = 0.013) [Figure 3(B)].

Table 3 shows results of multivariable Cox hazard analysis
revealing that age (1 year increase) [hazard ratio (HR), 1.05;
95% Cl, 1.02-1.09; P = 0.001], EF (1% increase) (HR, 0.97;
95% Cl, 0.95-0.99; P = 0.008), CKD (HR, 1.84; 95% Cl, 1.15—

2.92; P = 0.012), and B-blocker use (HR, 1.65; 95% Cl, 1.05—
2.64; P = 0.029) were strong independent predictors of 4P-
MACE. Furthermore, after adjustment for various con-
founders including with significant difference between the
two groups, the B-blocker group was significantly associated
with an increased risk of 4P-MACE compared with the non-
B-blocker group (Table 4).

Discussion

The major findings of this study are as follows: (i) the
B-blocker group was significantly associated with a higher in-
cidence of 4P-MACE compared with the non-B-blocker group
in elderly patients with CAD without MI in the long term,
and (ii) even after adjustments for important covariates,
long-term oral administration of B-blockers was strongly
associated with an increased incidence of 4P-MACE.
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Table 1 Patients’ baseline clinical characteristics

Overall B-Blocker group Non-B-blocker group
n=1018 n =514 n =504 P value
Clinical characteristics
Age, years 72 £ 7 72 £ 8 72 £7 0.532
Male sex, n (%) 780 (77) 388 (75) 392 (78) 0.388
BMI, kg/m2 24.0 = 3.2 241 = 3.3 23.9 + 3.2 0.228
SBP, mmHg 144 + 24 144 + 24 145 + 24 0.527
DBP, mmHg 76 + 14 76 + 15 77 £ 13 0.643
HR, /min 66 + 10 63 =10 68 + 11 <0.001
TC level, mg/dL 167 + 36 166 + 35 168 + 37 0.238
TG level, mg/dL 126 + 66 132 £ 74 120 = 57 0.002
HDL-C level, mg/dL 46 + 13 44 + 12 48 + 14 <0.001
LDL-C level, mg/dL 97 = 31 96 = 28 97 = 33 0.329
Haemoglobin, g/dL 133+ 1.6 13.2 1.6 13.2 1.7 0.575
Fasting blood glucose, mg/dL 105 + 28 106 + 30 103 + 26 0.126
HbA1c level, % 6.2 +0.8 6.3 +0.9 6.2 + 0.8 0.287
Hs-CRP level, g/dL 0.08 (0.03, 0.21) 0.08 (0.04, 0.21) 0.07 (0.03, 0.21) 0.581
BNP level, pg/mL 38.5(21.1, 78.3) 48.4 (16.7, 97.2) 31.9(16.2, 59.8) <0.001
Ejection fraction, % 65.0 =+ 8.4 64.2 = 9.0 65.8 + 7.8 0.003
Comorbidity
Hypertension, n (%) 762 (75) 402 (78) 360 (71) 0.013
Dyslipidaemia, n (%) 772 (76) 396 (77) 376 (75) 0.363
Diabetes mellitus, n (%) 422 (41) 215 (42) 207 (41) 0.806
Chronic kidney disease, n (%) 239 (23) 137 (27) 102 (20) 0.016
Anaemia, n (%) 323 (34) 150 (31) 173 (37) 0.075
Smoking, n (%) 640 (63) 308 (60) 332 (66) 0.049
Family history, n (%) 275 (27) 140 (27) 135 (27) 0.871
Medication
Statin, n (%) 897 (88) 456 (89) 441 (88) 0.549
Aspirin, n (%) 1005 (99) 506 (99) 498 (99) 0.808
CCB, n (%) 462 (45) 228 (44) 234 (46) 0.507
ACE-i/ARB, n (%) 501 (49) 268 (52) 233 (46) 0.059
OHA, n (%) 285 (28) 140 (27) 145 (29) 0.586
Insulin, n (%) 77 (8) 37 (7) 40 (8) 0.656

ACE-i, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; BNP, brain natriuretic peptide;
CCB, calcium channel blocker; DBP, diastolic blood pressure; HbA1c, haemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; HR,
heart rate; Hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; OHA, oral hypoglycaemic agent; SBP,
systolic blood pressure; TC, total cholesterol; TG, triglyceride.

Table 2 Patients’ baseline lesion and procedural characteristics

Overall B-Blocker group Non-B-blocker group
N = 1018 N =514 N = 504 P value
Lesion characteristics

Lesion site

Right coronary artery, n (%) 272 (27) 130 (25) 142 (29) 0.307

Left main coronary trunk, n (%) 46 (5) 28 (5) 18 (4) 0.146

Left anterior descending artery, n (%) 503 (50) 245 (48) 258 (51) 0.273

Left circumflex coronary artery, n (%) 187 (18) 105 (21) 82 (16) 0.084
Lesion classification

Type A, n (%) 42 (4) 24 (5) 18 (4) 0.378

Type B1, n (%) 219 (22) 110 (21) 109 (22) 0.930

Type B2, n (%) 347 (34) 170 (33) 177 (35) 0.491

Type C, n (%) 410 (40) 210 (41) 200 (40) 0.703
CTO lesion, n (%) 82 (8) 49 (10) 33(7) 0.079
Lesion length, mm 179 £ 13.3 17.7 £ 13.2 18.0 £ 134 0.652
Lesion reference diameter, mm 2.87 £ 0.44 2.87 +£0.43 2.86 = 0.45 0.804

Procedural characteristics

Use of BMS, n (%) 88 (9) 40 (8) 48 (10) 0.336
Use of 1st DES, n (%) 16 (2) 6 (1) 10 (2) 0.298
Use of 2nd DES, n (%) 724 (72) 373 (74) 351 (70) 0.232
Use of 3rd DES, n (%) 153 (15) 76 (15) 77 (15) 0.856
Stent length, mm 22.7 + 8.2 22.7 = 8.1 22.7 + 8.3 0.982
Stent diameter, mm 2.90 = 0.40 2.88 = 0.40 291 = 0.41 0.335

BMS, bare-metal stent; CTO, chronic total occlusion; DES, drug-eluting stent.
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Figure 2 Kaplan—Meier curves for 4P-MACE, TVR, and all-cause death between B-blocker group and non-B-blocker group. (A) The cumulative incidence
of 4-point major adverse cardiovascular events. (B) The cumulative incidence of target vessel revascularization. (C) The cumulative incidence of

all-cause death. 4P-MACE, 4-point major adverse cardiovascular events; TVR, target vessel revascularization.

A 4P-major adverse cardiovascular events
40 — B-blocker group

— Non-B-blocker group
30
Log-rank p=0.015

2 15.4%

Cumulative incidence rate (%)

10.0%

0 2 4 6 8
No. at risk Time in years
B-blocker group 514 430 300 185 77
Non-B-blocker group 504 426 307 175 78

C All-cause death

40

30

20

Cumulative incidence rate (%)

No. at risk

B-blocker group 514 451

Non-B-blocker group 504 436

B Target vessel revascularization

40 — B-blocker group

— Non-B-blocker group
30
Log-rank p=0.628

20
15.1%

Cumulative incidence rate (%)

_,,_--'—'—I-'=
10 14.3%
0
0 2 4 6 s
No. at risk Time in years
B-blocker group 514 403 281 166 66
Non-B-blocker group 504 387 273 155 73

— B-blocker group

— Non-B-blocker group

Log-rank p=0.257

17.8%

11.4%

4 6 8

Time in years

320 198 87

317 181 83

B-Blockers are able to improve cardiac function due
to various actions, including antihypertensive action,
anti-ischaemic action, reduction in renin release, angiotensin
Il and aldosterone production, improvement of left ventricu-
lar structure and function, and anti-arrhythmic effect.?”3°
Based on this hypothesis, it has been speculated that the
prognostic benefits of -blockers would extend to the popu-
lation of patients with CAD, even without a history of Ml or
HF with rEF. However, this study showed that not only was
there no significant difference between the two groups for
cardiovascular death and hospitalization for MI but also
the cumulative incidence rate of admission for HF in
the [-blocker group was significantly higher than in the
non-fB-blocker group. In short, we did not observe the
benefits of B-blocker use in elderly patients with CAD without
MI but rather an increased incidence of admission for HF. A
previous study reported a significant association between
B-blocker use and admission for HF, but no clear cause could

be investigated.'® Although the mechanism of this associa-
tion and the potential for harm remain unclear, we inferred
some possible causes.

First, HF in the elderly is superimposed on comorbidities
that are often the primary determinant of life prognosis, such
as CAD, arrhythmia, valvular heart disease, hypertension, dia-
betes mellitus, CKD, chronic obstructive pulmonary disease
(COPD), and anaemia.! In particular, B-blockers could lead
to masking of hypoglycaemic symptoms or worsening
glycaemic control in patients with diabetes mellitus and
may be associated with deterioration of respiratory condition
in patients with COPD.3?® However, there was no significant
difference between the two groups with or without use of
B-blockers for major comorbidities, as shown in Table 1. In
addition, similar results were obtained regarding the inci-
dence of symptomatic bradycardia or ventricular arrhythmia,
and the prevalence of valvular heart disease or COPD, which
were insignificant overall.
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Figure 3 Kaplan—Meier curves for admission for heart failure between B-blocker group and non-B-blocker group. (A) The cumulative incidence of ad-
mission for heart failure. (B) The cumulative incidence of admission for heart failure limited to EF > 50% (preserved EF). EF, ejection fraction.

A Admission for heart failure
30 — B-blocker group
— Non-B-blocker group

20 Log-rank p<0.001

Cumulative incidence rate (%)

0 2 4 6 8
No. at risk Time in years
B-blocker group 514 441 309 189 81
Non-B-blocker group 504 433 313 180 82

B Admission for heart failure with EF 250% (preserved EF)
30 — B-blocker group
— Non-B-blocker group

20 Log-rank p=0.013

Cumulative incidence rate (%)

0 2 4 6 8
No. at risk Time in years
B-blocker group 469 409 290 180 78
Non-B-blocker group 485 418 299 173 81

Second, elderly patients are more likely to be affected by
lifestyle factors that directly contribute to HF, such as insuffi-
cient salt and water restriction, obesity, poor medication
compliance, stress, or depression.®* In particular, they may
forget their doses of B-blockers and develop withdrawal syn-
drome, which results in a hyperadrenergic state due to in-
creased sympathetic activity and reflection of adrenergic
receptor up-regulation.3* As far as the medical records re-
vealed, most of the elderly patients with CAD who were hos-
pitalized for HF in this study were able to manage oral
administration of medications well by themselves or with as-
sistance from their families. In addition, the onset of HF was
often triggered by an infectious disease, rather than account
of excessive salt intake.

Third, we considered the involvement of chronotropic in-
competence caused by B-blockers. The heart rate slowing ef-
fects of B-blockers are generally important in improving
prognosis, and patients with HF with greater heart rate re-
ductions gain additional prognostic benefits.>>3¢ In contrast,
it has been reported that chronotropic incompetence on ex-

ercise tests is independently predictive of all-cause mortality
and cardiovascular events in the elderly population or pa-
tients with CAD without prior HF.3”3® Thus, such patients in
this study were expected to be susceptible to heart rate re-
sponse insufficiency due to -blocker use, accompanied by al-
terations in the autonomic system such as vagal attenuation
and sympathetic exacerbation caused by aging. We analysed
resting heart rate, stress heart rate, and stress-rest A heart
rate on exercise stress of 6 METs in the outpatient depart-
ment after PCI. The B-blocker group had a significantly lower
resting heart rate (63 * 10/min vs. 68 + 11/min, P < 0.001),
stress heart rate (85 + 12/min vs. 92 + 16/min, P < 0.001),
and stress-rest A heart rate (22 + 8/min vs. 24 + 9/min,
P =0.017) than the non-B-blocker group. Furthermore, multi-
variate Cox hazard analysis revealed that EF, stress-rest A
heart rate, CKD, and B-blocker use were strongly independent
predictors of admission for HF (Table 5). As mentioned above,
we considered that the chronotropic incompetence action of
B-blockers could increase the risk of admission for HF in el-
derly CAD patients without prior HF. Thus, we need to pay

Table 3 Univariate and multivariate Cox hazards analysis of 4-point major adverse cardiovascular events

Univariate Multivariable

Covariate HR (95% Cl) P value HR (95% Cl) P value
Age, 1 year increase 1.07 (1.03-1.10) <0.001 1.05 (1.02-1.09) 0.001

CKD 2.36 (1.50-3.68) <0.001 1.84 (1.15-2.92) 0.012

BNP, 100 pg/mL increase 1.29 (1.14-1.42) <0.001

EF, 1% increase 0.96 (0.94-0.99) 0.002 0.97 (0.95-0.99) 0.008
Anaemia 1.85 (1.58-2.93) 0.010

B-Blocker use 1.75 (1.11-2.77) 0.016 1.65 (1.05-2.64) 0.029

Male 1.47 (0.85-2.72) 0.172

LDL-C, 10 mg/dL increase 1.05 (0.98-1.10) 0.178

BNP, brain natriuretic peptide; Cl, confidence interval; CKD, chronic kidney disease; EF, ejection fraction; HR, hazard ratio; LDL-C,

low-density lipoprotein cholesterol.
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Table 4 Risk for 4-point major adverse cardiovascular events according to the p-blocker use

Hazard ratio (95% confidence interval) P value

B-blocker group vs. non-B-blocker group
Crude 1.75(1.11-2.77) 0.019
Model 1 1.78 (1.13-2.80) 0.014
Model 2 1.98 (1.16-3.38) 0.012
Model 3 1.96 (1.15-3.36) 0.014

BNP, brain natriuretic peptide; CKD, chronic kidney disease; EF, ejection fraction; HT, hypertension; LDL-C, low-density lipoprotein-

cholesterol.

B-Blocker group (n = 514). Non-B-blocker group (n = 504). Model 1 for age and sex. Model 2 for age, sex, BNP levels, LDL-C levels, EF, CKD,

and anaemia. Model 3 for age, sex, BNP levels, LDL-C levels, EF, CKD, anaemia, HT, and smoking.

Table 5 Univariate and multivariate Cox hazards analysis of admission for heart failure

Univariate Multivariable
Covariate HR (95% Cl) P value HR (95% Cl) P value
Age, 1 year increase 1.10 (1.05-1.15) <0.001
EF, 1% increase 0.92 (0.89-0.95) <0.001 0.93 (0.89-0.97) <0.001
BNP, 100 pg/mL increase 1.38 (1.20-1.54) <0.001
B-Blocker use 3.31 (1.64-7.41) <0.001 2.71 (1.06-8.32) 0.038
CKD 2.99 (1.56-5.61) 0.001 2.76 (1.14-6.40) 0.026
Stress-rest A heart rate, 5/min increase 0.75 (0.56-0.98) 0.037 0.74 (0.55-0.96) 0.025
Anaemia 1.72 (0.88-3.28) 0.110

BNP, brain natriuretic peptide; Cl, confidence interval; CKD, chronic kidney disease; EF, ejection fraction; HR, hazard ratio.

close attention to inadvertent B-blocker administration in el-
derly patients with CAD without MI, after catheterization.
This study had several limitations that require consider-
ation. First, as this was a single-centre, retrospective, obser-
vational study, unknown confounding factors might have
affected the outcomes regardless of analytical adjustments,
and the relatively small number of enrolled patients limited
the statistical power of the study. Second, this study was only
analysed for people over the age of 60 from the PCl database
of our institution. Thus, these outcomes cannot be applied to
younger patients. Third, the current study included only
Japanese patients. Thus, the dosage of B-blockers may differ
from that in other countries. Fourth, we evaluated exercise
tolerance using exercise electrocardiography; however, car-
diopulmonary exercise testing, which precisely defines maxi-
mum exercise capacity through measurement of peak
oxygen uptake, would have been capable of obtaining more
information. Fifth, frequency of complications of CAD and hy-
pertension was high, and the definition of hypertension in-
cluded patients taking antihypertensive drugs. Thus, it was
difficult to exactly determine whether or not the drugs was
taken only for angina symptoms. Actually, for patients with
or without effort angina, there was significant difference in
the B-blockers use, but not the prevalence of hypertension.
In conclusion, long-term B-blocker use was significantly as-
sociated with an increased risk of adverse cardiovascular
events in elderly patients with CAD without MI and systolic
HF, after PCI. In particular, we discussed that the chronotropic

incompetence action of B-blockers could lead to an increased
risk of admission for HF, with a review of the literature. Thus,
close attention should be paid to inadvertent B-blocker ad-
ministration in elderly patients with CAD without MI and sys-
tolic HF, after catheterization, and the present findings
warrant further investigation.

Acknowledgements
The authors are grateful to the staff of the Department of
Cardiovascular Medicine at Juntendo University. The authors

also appreciate the secretarial assistance of Ms. Yumi
Nozawa.

Conflict of interest

None declared.

Funding

This research received no grant from any funding agency in
the public, commercial, or not-for-profit sectors.

ESC Heart Failure 2022; 9: 545-554
DOI: 10.1002/ehf2.13715



Long-term impact of B-blocker in elderly patients without myocardial infarction after percutaneous coronary intervention

553

References

. Goldberger JJ, Bonow RO, Cuffe M, Liu
L, Rosenberg Y, Shah PK, Smith SC Jr,
Subacius H. Effect of beta-blocker dose
on survival after acute myocardial in-
farction. J Am Coll Cardiol 2015; 66:
1431-1441.

. Andersson C, Shilane D, Go AS,
Chang TI, Kazi D, Solomon MD,
Boothroyd DB, Hlatky MA. Beta-blocker
therapy and cardiac events among
patients with newly diagnosed coronary
heart disease. J Am Coll Cardiol 2014;
64: 247-252.

. Holt A, Blanche P, Zareini B, Rajan D, El-
Sheikh M, Schjerning AM, Schou M,
Torp-Pedersen C, McGettigan P, Gislason
GH, Lamberts M. Effect of long-term
beta-blocker treatment following myo-
cardial infarction among stable, opti-
mally treated patients without heart
failure in the reperfusion era: a Danish,
nationwide cohort study. Eur Heart J
2021; 42: 907-914.

. Ibanez B, James S, Agewall S, Antunes
MJ, Bucciarelli-Ducci C, Bueno H,
Caforio ALP, Crea F, Goudevenos JA,
Halvorsen S, Hindricks G, Kastrati A,
Lenzen MJ, Prescott E, Roffi M,
Valgimigli M, Varenhorst C, Vranckx P,
Widimsky P. 2017 ESC Guidelines for
the management of acute myocardial in-
farction in patients presenting with
ST-segment elevation: the Task Force
for the management of acute myocardial
infarction in patients presenting with
ST-segment elevation of the European
Society of Cardiology (ESC). Eur Heart
J 2018; 39: 119-177.

. O'Gara PT, Kushner FG, Ascheim DD,
Casey DE Jr, Chung MK, de Lemos JA,
Ettinger SM, Fang JC, Fesmire FM,
Franklin BA, Granger CB, Krumholz
HM, Linderbaum JA, Morrow DA,
Newby LK, Ornato JP, Ou N, Radford
MJ, Tamis-Holland JE, Tommaso CL,
Tracy CM, Woo YJ, Zhao DX, Anderson
JL, Jacobs AK, Halperin JL, Albert NM,
Brindis RG, Creager MA, DeMets D,
Guyton RA, Hochman JS, Kovacs RJ,
Kushner FG, Ohman EM, Stevenson
WG, Yancy CW. 2013 ACCF/AHA guide-
line for the management of ST-elevation
myocardial infarction: a report of
the American College of Cardiology
Foundation/American Heart Association
Task Force on Practice Guidelines.
Circulation 2013; 127: e362-e425.

. Aronow WS, Ahn C, Kronzon I. Effect of
propranolol versus no propranolol on to-
tal mortality plus nonfatal myocardial
infarction in older patients with prior
myocardial infarction, congestive heart
failure, and left ventricular ejection frac-
tion > or = 40% treated with diuretics
plus angiotensin-converting enzyme in-
hibitors. Am J Cardiol 1997; 80:
207-209.

. Bangalore S, Steg G, Deedwania P,
Crowley K, Eagle KA, Goto S, Ohman

10.

11.

12.

13.

14.

15.

EM, Cannon CP, Smith SC, Zeymer U,
Hoffman EB, Messerli FH, Bhatt DL.
B-Blocker use and clinical outcomes in
stable outpatients with and without cor-
onary artery disease. JAMA 2012; 308:
1340-1349.

. Ozasa N, Morimoto T, Bao B, Furukawa

Y, Nakagawa Y, Kadota K, Iwabuchi M,
Shizuta S, Shiomi H, Tazaki J, Natsuaki
M, Kimura T. B-Blocker use in patients
after percutaneous coronary interven-
tions: one size fits all? Worse outcomes
in patients without myocardial infarc-
tion or heart failure. Int J Cardiol 2013;
168: 774-779.

. Bangalore S, Bhatt DL, Steg PG, Weber

MA, Boden WE, Hamm CW, Montalescot
G, Hsu A, Fox KA, Lincoff AM. B-Blockers
and cardiovascular events in patients
with and without myocardial infarction:
post hoc analysis from the CHARISMA
trial. Circ Cardiovasc Qual Outcomes
2014; 7: 872-881.

Motivala AA, Parikh V, Roe M, Dai D,
Abbott JD, Prasad A, Mukherjee D. Pre-
dictors, trends, and outcomes (among
older patients >65 years of age) associ-
ated with beta-blocker use in patients
with stable angina undergoing elective
percutaneous coronary intervention: in-
sights from the NCDR registry. JACC
Cardiovasc Interv 2016; 9: 1639-1648.
Silverman DN, Plante TB, Infeld M,
Callas PW, Juraschek SP, Dougherty
GB, Meyer M. Association of B-blocker
use with heart failure hospitalizations
and cardiovascular disease mortality
among patients with heart failure with
a preserved ejection fraction: a second-
ary analysis of the TOPCAT trial. JAMA
Netw Open 2019; 2: e1916598.

Lu HT, Kam J, Nordin RB, Khelae SK,
Wang JM, Choy CN, Lee CY. Beta-
blocker use and risk of symptomatic
bradyarrhythmias: a hospital-based
case-control study. J Geriatr Cardiol
2016; 13: 749-759.

Magnussen C, Niiranen TJ, Ojeda FM,
Gianfagna F, Blankenberg S, Vartiainen
E, Sans S, Pasterkamp G, Hughes M,
Costanzo S, Donati MB, Jousilahti P,
Linneberg A, Palosaari T, de Gaetano G,
Bobak M, den Ruijter HM, Jgrgensen T,
Soderberg S, Kuulasmaa K, Zeller T,
lacoviello L, Salomaa V, Schnabel RB.
Sex-specific epidemiology of heart fail-
ure risk and mortality in Europe: results
from the BiomarCaRE Consortium. JACC
Heart Fail 2019; 7: 204-213.

Jensen PN, Gronroos NN, Chen LY, Fol-
som AR, deFilippi C, Heckbert SR,
Alonso A. Incidence of and risk factors
for sick sinus syndrome in the general
population. J Am Coll Cardiol 2014; 64:
531-538.

Rickham PP. Human experimentation.
Code of Ethics of the World Medical As-
sociation. Declaration of Helsinki. Br
Med J 1964; 2: 177.

16.

17.

18.

19.

20.

21.

22.

23.

Umemura S, Arima H, Arima S, Asayama
K, Dohi Y, Hirooka Y, Horio T, Hoshide S,
Tkeda S, Ishimitsu T, Ito M, Ito S,
Iwashima Y, Kai H, Kamide K, Kanno Y,
Kashihara N, Kawano Y, Kikuchi T,
Kitamura K, Kitazono T, Kohara K, Kudo
M, Kumagai H, Matsumura K, Matsuura
H, Miura K, Mukoyama M, Nakamura
S, Ohkubo T, Ohya Y, Okura T, Rakugi
H, Saitoh S, Shibata H, Shimosawa T,
Suzuki H, Takahashi S, Tamura K,
Tomiyama H, Tsuchihashi T, Ueda S,
Uehara Y, Urata H, Hirawa N. The Japa-
nese Society of Hypertension Guidelines
for the Management of Hypertension
(JSH 2019). Hypertens Res 2019; 42:
1235-1481.

Kinoshita M, Yokote K, Arai H, Iida M,
Ishigaki Y, Ishibashi S, Umemoto S,
Egusa G, Ohmura H, Okamura T, Kihara
S, Koba S, Saito I, Shoji T, Daida H,
Tsukamoto K, Deguchi J, Dohi S,
Dobashi K, Hamaguchi H, Hara M, Hiro
T, Biro S, Fujioka Y, Maruyama C,
Miyamoto Y, Murakami Y, Yokode M,
Yoshida H, Rakugi H, Wakatsuki A,
Yamashita S. Japan Atherosclerosis
Society (JAS) guidelines for prevention
of atherosclerotic cardiovascular dis-
eases 2017. J Atheroscler Thromb 2018;
25: 846-984.

International Expert Committee. Inter-
national Expert Committee report on
the role of the A1C assay in the diagno-
sis of diabetes. Diabetes Care 2009; 32:
1327-1334.

Matsuo S, Imai E, Horio M, Yasuda Y,
Tomita K, Nitta K, Yamagata K, Tomino
Y, Yokoyama H, Hishida A. Revised
equations for estimated GFR from serum
creatinine in Japan. Am J Kidney Dis
2009; 53: 982-992.

WHO Scientific Group. Nutritional anae-
mias. Report of a WHO scientific group.
World Health Organ Tech Rep Ser 1968;
405: 5-37.

Scheuner  MT,  Whitworth  WC,
McGruder H, Yoon PW, Khoury MJ. Fa-
milial risk assessment for early-onset
coronary heart disease. Genet Med
2006; 8: 525-531.

Ryan TJ, Faxon DP, Gunnar RM,
Kennedy JW, King SB 3rd, Loop FD,
Peterson KL, Reeves TJ, Williams DO,
Winters WL Jr. Guidelines for percuta-
neous transluminal coronary angio-
plasty. A report of the American
College of Cardiology/American Heart
Association Task Force on Assessment
of Diagnostic and Therapeutic Cardio-
vascular Procedures (Subcommittee on
Percutaneous Transluminal Coronary
Angioplasty). Circulation 1988; 78:
486-502.

Ainsworth BE, Haskell WL, Herrmann
SD, Meckes N, Bassett DR Jr, Tudor-
Locke C, Greer JL, Vezina J, Whitt-
Glover MC, Leon AS. 2011 compendium
of physical activities: a second update of

ESC Heart Failure 2022; 9: 545-554
DOI: 10.1002/ehf2.13715



554

T. Fukase et al.

24.

25.

26.

codes and MET values. Med Sci Sports
Exerc 2011; 43: 1575-1581.
Garcia-Garcia HM, McFadden EP, Farb
A, Mehran R, Stone GW, Spertus J,
Onuma Y, Morel MA, van Es GA,
Zuckerman B, Fearon WF, Taggart D,
Kappetein AP, Krucoff MW, Vranckx P,
Windecker S, Cutlip D, Serruys PW.
Standardized end point definitions for
coronary intervention trials: the Aca-
demic Research Consortium-2 consen-
sus document. Circulation 2018; 137:
2635-2650.

Hicks KA, Mahaffey KW, Mehran R,
Nissen SE, Wiviott SD, Dunn B, Solomon
SD, Marler JR, Teerlink JR, Farb A,
Morrow DA, Targum SL, Sila CA, Hai
MTT, Jaff MR, Joffe HV, Cutlip DE, Desai
AS, Lewis EF, Gibson CM, Landray MJ,
Lincoff AM, White CJ, Brooks SS,
Rosenfield K, Domanski MJ, Lansky AJ,
McMurray JJV, Tcheng JE, Steinhubl
SR, Burton P, Mauri L, O’Connor CM,
Pfeffer MA, Hung HMJ, Stockbridge
NL, Chaitman BR, Temple RJ. 2017 car-
diovascular and stroke endpoint defini-
tions for clinical trials. Circulation
2018; 137: 961-972.

Lansky AJ, Messé SR, Brickman AM,
Dwyer M, Bart van der Worp H, Lazar
RM, Pietras CG, Abrams KJ, McFadden
E, Petersen NH, Browndyke J,
Prendergast B, Ng VG, Cutlip DE,
Kapadia S, Krucoff MW, Linke A, Scala
Moy C, Schofer J, van Es GA, Virmani
R, Popma J, Parides MK, Kodali S, Bilello
M, Zivadinov R, Akar J, Furie KL, Gress
D, Voros S, Moses J, Greer D, Forrest
JK, Holmes D, Kappetein AP, Mack M,
Baumbach A. Proposed standardized
neurological endpoints for cardiovascu-

27.

28.

29.

30.

31.

32.

lar clinical trials: an academic research
consortium initiative. Eur Heart J 2018;
39: 1687-1697.

Bristow MR. Pathophysiologic and phar-
macologic rationales for clinical man-
agement of chronic heart failure with
beta-blocking agents. Am J Cardiol
1993; 71: 12c-22c.

Bouzamondo A, Hulot JS, Sanchez P,
Cucherat M, Lechat P. Beta-blocker
treatment in heart failure. Fundam Clin
Pharmacol 2001; 15: 95-109.

Frishman WH. Multifactorial actions of
beta-adrenergic blocking drugs in ische-
mic heart disease: current concepts. Cir-
culation 1983; 67: 111-118.

Cleland JG, Dargie HJ. Arrhythmias, cat-
echolamines and electrolytes. Am J
Cardiol 1988; 62: 55a-59a.

Ponikowski P, Voors AA, Anker SD,
Bueno H, Cleland JGF, Coats AJS,
Falk V, Gonzalez-Juanatey  JR,
Harjola VP, Jankowska EA, Jessup M,
Linde C, Nihoyannopoulos P, Parissis
JT, Pieske B, Riley JP, Rosano GMC,
Ruilope LM, Ruschitzka F, Rutten FH,
van der Meer P. 2016 ESC Guidelines
for the diagnosis and treatment of acute
and chronic heart failure: the Task Force
for the diagnosis and treatment of acute
and chronic heart failure of the Euro-
pean Society of Cardiology (ESC)Devel-
oped with the special contribution of
the Heart Failure Association (HFA) of
the ESC. Eur Heart J 2016; 37:
2129-2200.

Dungan K, Merrill J, Long C, Binkley P.
Effect of beta blocker use and type on
hypoglycemia risk among hospitalized
insulin requiring patients. Cardiovasc
Diabetol 2019; 18: 163.

33.

34.

35.

36.

37.

38.

Hawkins NM, Petrie MC, Macdonald
MR, Jhund PS, Fabbri LM, Wikstrand J,
McMurray JJ. Heart failure and chronic
obstructive pulmonary disease the
quandary of beta-blockers and beta-
agonists. J Am Coll Cardiol 2011; 57:
2127-2138.

Lefkowitz RJ, Caron MG, Stiles GL.
Mechanisms of membrane-receptor reg-
ulation. Biochemical, physiological, and
clinical insights derived from studies of
the adrenergic receptors. N Engl J Med
1984; 310: 1570-1579.

Lechat P, Hulot JS, Escolano S, Mallet A,
Leizorovicz A, Werhlen-Grandjean M,
Pochmalicki G, Dargie H. Heart rate
and cardiac rhythm relationships with
bisoprolol benefit in chronic heart fail-
ure in CIBIS II Trial. Circulation 2001;
103: 1428-1433.

Poole-Wilson PA, Swedberg K, Cleland
JG, Di Lenarda A, Hanrath P, Komajda
M, Lubsen J, Lutiger B, Metra M,
Remme WJ, Torp-Pedersen C, Scherhag
A, Skene A. Comparison of carvedilol
and metoprolol on clinical outcomes in
patients with chronic heart failure in
the Carvedilol Or Metoprolol European
Trial (COMET): randomised controlled
trial. Lancet 2003; 362: 7-13.

Girotra S, Kitzman DW, Kop WJ, Stein
PK, Gottdiener JS, Mukamal KJ. Heart
rate response to a timed walk and car-
diovascular outcomes in older adults:
the cardiovascular health study. Cardiol-
ogy 2012; 122: 69-75.

Lauer MS, Francis GS, Okin PM,
Pashkow EJ, Snader CE, Marwick TH.
Impaired chronotropic response to exer-
cise stress testing as a predictor of mor-
tality. JAMA 1999; 281: 524-529.

ESC Heart Failure 2022; 9: 545-554
DOI: 10.1002/ehf2.13715



