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Effect of f-Blockers Beyond 3 Years After Acute Myocardial Infarction

Jin Joo Park, MD; Sun-Hwa Kim, PhD; Si-Hyuck Kang, MD; Chang-Hwan Yoon, MD, PhD; Young-Seok Cho, MD; Tae-Jin Youn, MD;
In-Ho Chae, MD; Dong-Ju Choi, MD

Background—The optimal duration of B-blocker therapy in patients with acute myocardial infarction (AMI) is unknown. We aimed
to evaluate the late effect of B-blockers in patients with AMI.

Methods and Results—We enrolled all consecutive patients who presented with AMI at Seoul National University Bundang
Hospital, between June 3, 2003 and February 24, 2015. The primary end point was 5-year all-cause mortality, depending on the use
of B-blockers at discharge, 1 year after AMI, and 3 years after AMI. Of 2592 patients, the prescription rates of B-blockers were
72%, 69%, 63%, and 60% at discharge and 1, 3, and 5 years after AMI, respectively. The patients who were receiving B-blocker
therapy had more favorable clinical characteristics, such as younger age (62 versus 65 years; P<0.001). They received reperfusion
therapy more often (92% versus 80%; P<0.001) than those without B-blocker prescription. In the univariate analysis, the patients
with B-blocker prescription had lower 5-year mortality at all time points. In the Cox model after adjustment for significant
covariates, P-blocker prescription at discharge was associated with a 29% reduced mortality risk (hazard ratio, 0.71; 95%
confidence interval, 0.55-0.90; P=0.006); however, B-blocker prescriptions at 1 and 3 years after AMI were not associated with
reduced mortality.

Conclusions—The beneficial effect of B-blocker therapy after AMI may be limited until 1 year after AMI. Whether late B-blocker
therapy beyond 1 year after AMI offers clinical benefits should be confirmed in further clinical trials. (/ Am Heart Assoc. 2018;7:

e007567. DOI: 10.1161/JAHA.117.007567.)
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P atients with acute myocardial infarction (AMI) are a high-
risk group with increased mortality even after successful
revascularization; thus, the current practice guidelines empha-
size the importance of intensive risk factor modification,
including hypertension in patients with AML."

B-Blockers have improved survival and are one of the
cornerstones in the treatment of ischemic heart disease; they
exert an antianginal effect by reducing the myocardial workload
and oxygen demand.? Besides, they also have antiarrhythmic
and antiremodeling effects.® The effects of B-blockers have
been extensively investigated in patients with AMI,*” and
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the current practice guidelines also recommend the use of
B-blockers in all patients after AMI unless contraindicated. "

Although the effects of B-blockers on short-term outcomes
are well established, data on their long-term effects are scarce,
especially beyond 1 year after AMI. In addition, the B-blocker
prescription may change during follow-up, so recent studies
that examined long-term survival effect according to B-blocker
prescription at discharge might have grave limitations.®'°
Therefore, whether B-blocker use beyond 1 year after AMI truly
reduces mortality in the current era of AMI and post-AMI care
remains inconclusive, particularly in patients with preserved left
ventricular (LV) systolic function. In low-risk patients (preserved
ejection fraction, young age, absence of arrhythmias, or
residual ischemia), prolonged use of B-blockers is unlikely to
confer any mortality benefit."" These findings continuously
raise a question to clinicians on whether to discontinue f-
blockers in low-risk patients or to switch B-blockers to other
classes of antihypertensive agents with stronger evidence for
secondary prevention of cardiovascular adverse outcomes.

In this study, we aimed to examine the late effect of -
blockers in patients with AMI. For this purpose, the B-blocker
status and clinical characteristics of each patient were
reevaluated at discharge, 1 year after AMI, and 3 years after
AMI.
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Clinical Perspective

What Is New?

* Although B-blockers appear to be beneficial in patients with
acute myocardial infarction, the beneficial effect may be
limited beyond 1 year after acute myocardial infarction.

What Are the Clinical Implications?

Whether late B-blocker therapy beyond 1 year after acute
myocardial infarction offers clinical benefit and whether B-
blockers should be switched to other classes of antihyper-
tensive agents in patients after acute myocardial infarction
with hypertension should be confirmed in further clinical
trials.

Methods

The data, analytic methods, and study materials will not be
made available to other researchers for purposes of repro-
ducing the results or replicating the procedure.

Study Population

Seoul National University Bundang Hospital is a paperless
hospital, and all patients’ information on medication and
laboratory findings is electronically recorded and archived.
Seoul National University Bundang Hospital was the first
outside the United States that reached stage 7 of the
Healthcare Information and Management System Society.
Stage 7 implies an environment where paper charts are no
longer used, thereby enabling true sharing, information
exchange, and immediate delivery of patient data to improve
process performance, quality of care, and patient safety.

We selected all consecutive patients who presented with
AMI between June 3, 2003 and February 24, 2015 by using a
searching machine called “clinical data warehouse,” which is
designed to search and retrieve patient information from
electronic medical records. In our hospital, we monitor all
patients admitted with an initial diagnosis of AMI'? and
adjudicate the discharge diagnosis in the framework for
continuous quality improvement. Therefore, in the present
study, we included the following patients: (1) patients who were
admitted to the coronary care unit via the emergency depart-
ment and (2) patients who had AMI as a discharge diagnosis.
Patients were treated with revascularization with thrombolysis,
stent implantation, or coronary artery bypass graft surgery; or
they received medical treatment only without revascularization.

Variables, including demographic and baseline character-
istics, medical history, clinical presentation, laboratory tests,
hospital course, and clinical outcomes during admission and
at discharge, were collected from each patient. Almost all

patients underwent echocardiography during hospitalization
for AMI.

The study protocol was approved by the institutional
review board, and written informed consent was waived
(institutional review board no. B-1411/276-115). The study
complied with the principles of the Declaration of Helsinki.

B-Blockers

We collected data on the dose and type of -blocker for each
patient before admission, at discharge, and 1 and 3 years
after AMI.'®'®'* B-Blocker prescription was defined as a
binary variable (yes or no), regardless of the B-blocker type or
dose. We also collected data on B-blocker type and dose.

Study End Point

The primary outcome was 5-year all-cause mortality. We were
especially interested in the late effect of B-blockers beyond
1 year, so we performed landmark analyses at 1 and 3 years
after AMI. Therefore, we have 3 study populations at 3
different time points (ie, at discharge and 1 and 3 years after
AMI). Population 1 included patients with AMI, who were
discharged alive. Population 2 included patients who visited
our institution at 1 year after discharge, excluding those who
were referred out or died. Population 3 included patients who
visited our institution at 3 years after discharge, excluding
those who died or were referred out between 1 and 3 years
after discharge.

The prescription of p-blockers in each patient was
reevaluated, and 5-year all-cause mortality was reassessed
from these landmarks. The vital statuses of all the patients
were collected from the National Insurance data or National
Death Records.

Statistical Analyses

Data are presented as numbers and frequencies for categor-
ical variables and as mean=+SD for continuous variables. For
comparisons among the groups, the % test (or Fisher’s exact
test when any expected count was <5 for a 2x2 table) was
used for categorical variables, and the unpaired Student ¢ test
or 1-way analysis of variance was used for continuous
variables.

Five-year mortality was analyzed using the Kaplan-Meier
method. Survival times were censored at the date of death,
last follow-up, or last vital status collection. A multivariable
Cox proportional-hazards regression model was used to
determine the effect of B-blocker as an independent predictor
of all-cause death. Covariates for the adjustment were
selected using the stepwise Akaike information criterion
method. The following variables were included in the
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multivariable model as confounding factors: age; sex; diabetes
mellitus; hypertension; body mass index; dyslipidemia; initial
presentation (ST-segment—elevation myocardial infarction
[STEMI] versus non-STEMI); multivessel disease; the use of
aspirin, P2Yq, inhibitors, renin-angiotensin system (RAS)
inhibitors, diuretics, calcium channel blockers, and statins;
LV ejection fraction; serum creatinine level; and mode of
treatment (versus medical therapy only). The proportional
hazard assumption of each variable was tested. Because
calcium channel blocker use in population 2 violated propor-
tionality, it was removed from the model.

The propensity score was estimated using multivariable
logistic regression analysis with the variables listed in the
second adjustment model. A propensity score—matched
cohort was created using the nearest neighbor method
without replacement, in a 1:1 ratio. “Matchlt” package of the
R programming was used for the matching.

A 2-sided probability value of <0.05 was considered
indicative of a statistically significant difference. Statistical
analyses were performed using R programming, version 3.1.0
(The R Foundation for Statistical Computing, Vienna, Austria;
http://www.R-project.org). All the analyses were performed
by a professional statistician (S.-H.K.).

Results

Patients

From 2003 to 2015, 2753 patients with AMI were admitted.
Of the patients, 161 died during hospitalization, so that only

the data of 2592 patients were available for the current
analysis (Figure 1).

For the baseline characteristics of population 1, the mean
age was 62.7 years. Of the patients, 76.4% were men, 51%
had hypertension, 28% had diabetes mellitus, 51% had STEMI,
and 49% had non-STEMI. For the revascularization method,
4.1% underwent thrombolysis: 86.1%, percutaneous coronary
intervention; 6.8%, coronary artery bypass graft surgery; and
8.17%, medical therapy only without any revascularization
procedure.

The prescription rates of B-blockers were 72%, 69%, 63%,
and 60% at discharge and 1, 3, and 5 years after AMI,
respectively (Figure 2A). At discharge, the most commonly
prescribed agents were carvedilol (70%), followed by bisopro-
lol (28%) and nebivolol (1%; Figure 2B). B-Blocker prescription
status had significantly changed during follow-up (Figure 2C).
No significant difference in systolic blood pressure was found
between the groups at discharge and during follow-up in the 3
populations (Figure 2D). Table 1 shows the baseline charac-
teristics of the patients according to B-blocker use. The
patients who were receiving B-blocker had more favorable
clinical characteristics, such as younger age (62 versus
65 years; P<0.001), lower NT-proBNP (N-terminal pro-B-type
natriuretic peptide) level (206246844 Versus
3882+10 693 pg/mL; P<0.001), and more RAS inhibitor
use (83.6% versus 68.5%; P<0.001). They received reperfusion
therapy more often (94% versus 85%; P<0.001) than those
without B-blocker prescription. For their medications, they
received RAS blockers (84% versus 69%; P<0.001) and statins
(92% versus 78%; P<0.001) more frequently.

SNUBH AMI Registry
From June 2003 to February 2015
(n=2753)

Exclusion

Population 1. Patients discharged alive
(n =2592)

Died in hospital (n = 161)

Exclusion

Population 2. Patients on follow-up at SNUBH at 1 year
(n = 1946)

Died during 15t year (n = 133)
Referred out (n = 513)

Exclusion

Population 3: Patients on follow-up at SNUBH at 3 years
(n=1179)

Died between 15-3 years (n = 104)
Referred out (n = 663)

Figure 1. Flow chart of the study population. AMI indicates acute myocardial infarction; and SNUBH,

Seoul National University Bundang Hospital.
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Population 1 Outcomes: B-Blocker at Hospital
Discharge

Overall, 320 patients died during a median follow-up of
1364 days (interquartile range, 784-2190 days). The

Figure 2. B-Blockers (BBs) and blood pressure of the study
patients. A, Prescription rates of BBs were 72%, 69%, 63%, and
60% at discharge and 1, 3, and 5 years after acute myocardial
infarction, respectively. B, At discharge, the most commonly
prescribed agents were carvedilol (70%), followed by bisoprolol
(28%) and nebivolol (1%). C, BB prescription status changed
during follow-up and, thus, it was significantly different in the 3
populations analyzed in this study. Of the patients, 20% and 11%
changed their BB statuses from discharge to 1 year and from 1
to 3 years, respectively. D, The difference in systolic blood
pressure between the patients with and those without BBs at
discharge and during follow-up was not significant in the 3
populations.

mortality rate for each time point is presented in Table 2.
The patients who were receiving B-blockers at discharge had
lower 5-year all-cause and cardiovascular mortality than those
without B-blocker prescription (Figure 3A and 3D). In the Cox
proportional hazard regression analysis after adjustment for
significant covariates, P-blocker use was associated with a
29% reduced risk of 5-year all-cause mortality (hazard ratio
[HR], 0.71; 95% confidence interval [Cl], 0.56—0.91; P=0.008)
and 36% reduced risk for cardiovascular mortality (HR, 0.64;
95% Cl, 0.42-0.97; P=0.035) (Table 3). Body mass index, the
use of RAS inhibitors, statins, percutaneous coronary inter-
vention, and coronary artery bypass graft surgery were
associated with reduced mortality, whereas advanced age,
diabetes mellitus, previous cardiovascular disease, low LV
dysfunction, and creatinine level were associated with
increased mortality.

Population 2 and 3 Outcomes: B-Blocker at 1 and
3 Years

At 1 year, the data of 1946 patients were available. Of the
patients, 69% received B-blockers at 1 year, and again, they
had more favorable clinical characteristics that slightly
differed from those at discharge (Table 1). In the Kaplan-
Meier survival analysis, the patients with B-blockers at 1 year
had lower 5-year all-cause and cardiovascular deaths (Fig-
ure 3B and 3E). However, in the Cox model, B-blocker
prescription was not associated with survival after adjustment
for significant covariates; RAS inhibitors and statins were
beneficial, and hypertension was hazardous.

At 3 years, the data of 1179 patients were available.
Similarly, patients with PB-blocker prescription (63.8%) had
better clinical characteristics than those without B-blocker
prescription (Table 1). However, the difference between the
groups was markedly smaller than that at discharge or 1 year.
Once again, patients with B-blocker prescription at 3 years
had a lower 5-year all-cause mortality in the Kaplan-Meier
survival analysis (Figure 3C and 3F). Nevertheless, in the Cox
model after adjustment, B-blocker use was not associated
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Table 2. Mortality Rates of the Study Population

Mortality
Population 1y 2y 5y
1 133 (5.13) 188 (7.25) 227 (10.69)
2 56 (2.88) 104 (5.34) 159 (8.17)
3 24 (2.04) 40 (3.39) 79 (6.70)

Data are given as number (percentage).

with reduced all-cause and cardiovascular mortality, whereas
hypertension, RAS inhibitors, and statins were a significant
predictor of 5-year mortality.

Subgroup Analysis

The effect of B-blockers may be dependent on comorbidities,
such as LV dysfunction and hypertension; thus, we performed

an exploratory subgroup analysis. We found no significant
interaction between B-blockers and various subgroups at
discharge. In population 2, among the patients <65 years and
those who were receiving RAS inhibitors, the B-blocker
prescription seemed to be beneficiary. In population 3, B-
blockers showed a protective effect only in the patients
<65 years (Figure 4).

Propensity Score—-Matched Cohort

A total of 1258, 824, and 556 patients were matched on the
basis of propensity score at discharge and 1 and 3 years after
AMI, respectively. The baseline characteristics of the cohort
after matching were well balanced (Table 4, Figure S1). The C-
statistics showed area under the curve values of 0.85, 0.89,
and 0.89 for populations 1, 2 and 3, respectively. In the
matched population, B-blocker at discharge was associated
with a 30% reduced risk (HR, 0.70; 95% Cl, 0.52-0.94;
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0 [} 4 Log rank P < 0.001
<0. 1.0 =
% 10 Log rank P < 0.001 % 10 Log rank P < 0.001 %
@ @ @
° o °
@ 09 @ 09 @ 09
I} I} "]
3 3 S
© ] b
? 9 7
= 081 = 08 = 08
© © ©
£ E £
o o o
& o7 & 07 & 07
@ o @
g g e
- - =
= 061 = 06 ™ 06
[ ~— BB (yes) [ BB (yes) [ BB (yes)
c —— BB (No) 2 —— BB (No) < —— BB (No)
3 3 =
n 05 ¢n 05 M 05
0 1 2 3 4 5 (Years) 0 1 2 4 5(Years) 0 1 2 3 4 5(Years)
Number at risk Number at risk Number at risk
—BByes 1880 1422 1004 816 573 373 —BByes 1348 1069 610 414 265 —BByes 752 564 395 267 163 88
~ BB no 712 524 438 365 299 237 == BB no 598 460 261 195 144 - BB no 427 307 214 142 97 57
D Population 1 E Population 2 F Population 3
101 xﬁ_____ﬂi 101 Ll B e ——
_—
1} 7]
= "
Do £ Soo
2 W 091 g
° Log rank P <.001 g Log rank P <.001 o
> > >
o o Ops
08 0.8
E g £ Log rank P <.001
2 S 2
- £ &
o7 T, gn 7
= £’ &
[ ™ ®
20, 2 Zos
E —— BB (yes) E oe BB (yes) ; BB (yes)
2] —— BB (No) n BB (No) (7] ~—~ BB (No)
051 - 05
0 1 2 3 4 5 (Years) 0 1 3 A 5 (Years) 0 1 2 3 4 5 (Years)
Number at risk Number at risk Number at risk
—BByes 1880 1422 1094 816 573 373 —BByes 1336 1069 828 610 414 265 —BByes 752 564 395 267 163 88
~BBno 712 524 436 365 299 237 == BB no 586 460 351 261 195 144 - BB no 427 307 214 142 97 57

Figure 3. Five-year all-cause and cardiovascular (cv) mortality. In the Kaplan-Meier survival analysis, the patients with a B-blocker (BB)
prescription in population 1 (at discharge) (A), population 2 (1 year after discharge) (B), and population 3 (3 years after discharge) (C) had
lower all-cause mortality rates than their counterparts without BB use. Similarly, patients with a BB prescription had lower cv mortality in

population 1 (D), population 2 (E), and population 3 (F).
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Table 3. Cox Proportional Hazard Model for All-Cause Deaths

Park et al

At Discharge At 1y At 3y
Univariate Multivariate Multivariate Multivariate

Variable HR 95% Cl P Value HR 95% Cl P Value HR 95% Cl P Value HR 95% Cl P Value
[3-Blocker 0.48 | 0.38-0.60 | <0.001 | 0.71 | 0.56-0.91 | 0.008 0.74 | 0.50-1.11 | 0.150 0.79 | 0.45-1.40 | 0.418
Age 1.10 | 1.08-1.11 | <0.001 | 1.08 | 1.06-1.09 | <0.001 | 1.07 | 1.05-1.09 | <0.001 | 1.07 | 1.04-1.09 | <0.001
Male sex 0.51 | 0.40-0.65 | <0.001
Diabetes mellitus | 1.71 | 1.34-2.18 | <0.001 | 1.36 | 1.05-1.78 | 0.022
Hypertension 1.90 | 1.49-2.45 | <0.001 1.46 | 1.00-2.13 | 0.051 1.92 | 1.09-3.41 | 0.025
Body mass index | 0.79 | 0.76-0.82 | <0.001 | 0.90 | 0.86-0.94 | <0.001 | 0.91 | 0.87-0.96 | <0.001 | 0.88 | 0.82-0.95 | 0.002
Dyslipidemia 0.59 | 0.43-0.82 | 0.001 0.78 | 0.56-1.07 | 0.126
Diagnosis STEMI 0.67 | 0.53-0.85 | 0.001 0.78 | 0.56-1.09 | 0.144
Previous CVD 2.67 | 2.04-3.49 | <0.001 | 1.88 | 1.43-2.49 | <0.001 | 1.82 | 1.25-2.63 | 0.002 2.74 | 1.69-4.46 | <0.001
Aspirin 0.20 | 0.08-0.49 | <0.001 | 0.31 | 0.12-0.81 | 0.016 0.41 | 0.22-0.76 | 0.005 0.52 | 0.25-1.12 | 0.095
P2Y, 0.65 | 0.40-1.04 | 0.073
RAS inhibitor 0.58 | 0.44-0.75 | <0.001 | 0.75 | 0.57-0.99 | 0.04 0.51 | 0.32-0.80 | 0.003 0.40 | 0.21-0.73 | 0.003
Diuretics 2.59 | 2.05-3.28 | <0.001 2.28 | 1.53-3.41 | <0.001 | 2.24 | 1.27-3.97 | 0.006
CcCB 1.62 | 1.16-2.25 | 0.004
Statin 0.31 | 0.24-0.41 | <0.001 | 0.63 | 0.48-0.84 | 0.001 0.48 | 0.29-0.79 | 0.004 0.49 | 0.26-0.94 | 0.032
EF <40% 3.09 | 2.37-4.03 | <0.001 | 1.70 | 1.28-2.27 | <0.001
Creatinine 1.01 | 1.00-1.02 | 0.011 122 | 114129 | <0.001 | 1.23 | 1.12-1.34 | <0.001 | 1.31 | 1.09-1.59 | 0.004
Treatment

Thrombolysis 0.22 | 0.10-0.48 | <0.001 | 0.54 | 0.24-1.21 | 0.135

PCI 0.35 | 0.25-0.48 | <0.001 | 0.53 | 0.37-0.76 | <0.001

CABG 0.69 | 0.43-1.10 | 0.115 0.46 | 0.28-0.76 | 0.002

CABG indicates coronary artery bypass graft; CCB, calcium channel blocker; Cl, confidence interval, CVD, cardiovascular disease; EF, ejection fraction; HR, hazard ratio; PCI, percutaneous
coronary intervention; RAS, renin-angiotensin system; and STEMI, ST-segment—elevation myocardial infarction.

P=0.019); however, B-blocker use at 1 year (HR, 0.85; 95% Cl,
0.53-1.36; P=0.489) and at 3 years (HR, 0.89; 95% Cl, 0.44—
1.78; P=0.733) after AMI was not associated with improved
survival (Figure 5).

One-Year Later Outcomes

Because of the lag time between prescription and 5-year
mortality, we also analyzed 1-year outcome to minimize the
confounding, and the 1-year outcomes were similar to those
of 5-year outcomes (Figure 6).

Discussion

In patients with AMI, early B-blocker prescription improves
short- and long-term survival; however, data that evaluate the
late effect of B-blockers are scarce. Consequently, no
consensus has been reached among cardiologists on the
appropriate duration of B-blocker therapy in patients after AMI

who have normal LV ejection fraction and do not have angina
symptoms, arrhythmia, or hypertension.'® The present study
was designed to evaluate the late effect of P-blockers in
patients with AMI and demonstrated that the use of B-
blockers at discharge was associated with a 29% reduced
risk of mortality. However, B-blocker prescription at 1 and
3 years after AMI was no longer associated with improved
survival.

Effect of B-Blockers in Patients With AMI

B-Blockers are one of the cornerstones for treatment of
coronary artery disease; they reduce the myocardial oxygen
demand, increase oxygen supply, and lower blood pressure.'®
Besides the antianginal effect, B-blockers reduce infarct size,
malignant ventricular arrhythmia, and sudden cardiac death,
especially during the early period of AMI.>*"”

Nonetheless, the optimal duration of -blockers in patients
with AMI is unknown. For the short-term effect, 15-day
treatment with metoprolol after AMI did not reduce
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Subgroup analysis in population 1
A
Subgroup poror HRI9S%CIl  PValue | o for
Age <65 1,391 ————> 073[0.39-136] 0322 0932
>=65 1,194 — | 0.70[053-0.92]  0.011
Sex Male 1,979 R 0.74[054-1.01]  0.056  0.966
Female 606 — 0.66[0.43-1.01]  0.053
Diabetes  Yes 722 — 0.70[0.47-1.05]  0.085 0573
No 1,863 —— 0.70[0.50-0.97]  0.031
Hypertension Yes 1,333 BN 0.61[0.450.83]  0.002 0292
No 1,252 —4—> 096[0.60-152]  0.852
Diagnosis ~ STEMI 1,319 —— 0.61[0.420.89] 0.009  0.189
NSTEMI 1,263 —e——  083[059-118] 0310
RAS-inhibitor Yes 2,054 —— 0.76[0.56-1.02]  0.068  0.527
No 531 —_—t 0.61[0.38-0.97]  0.038
Diuretics ~ Yes 689 — 075[053-1.06] 0.103  0.192
No 1,896 —— 0.62[0.43-0.89]  0.010
Statin Yes 2,277 —-— 0.67[0.50-0.91]  0.009  0.681
No 308 —+—+—  071[044114]  0.157
EF <40% 321 —+—+—> 086[053-140] 0544  0.128
>=40% 2,264 - 0.65[0.49-0.87]  0.004
cr <14 2,234 . 0.69[0.50-0.96] 0.026  0.305
>=1.4 351 —_— 0.71[0.47-1.06]  0.094
Treatment  None 208 —+——> 077[0.36-164] 0495  0.101
PCI 2,096 —— 0.75[0.56-1.01]  0.056
CABG 175 —f}—— i 0.33[0.14-0.77]  0.011
[ — 1
03 05 07 09 11 13

Figure 4. Exploratory subgroup analyses. A, In population 1, no significant interaction was observed
between B-blocker and mortality across all subgroups. B, In population 2, among the patients <65 years
and those who were receiving renin-angiotensin system (RAS) inhibitors, pB-blocker therapy seemed to
demonstrate a protective effect. C, In population 3, B-blocker therapy showed a protective effect only in the
patients <65 years. CABG indicates coronary artery bypass graft; Cl, confidence interval; Cr, creatinine; EF,
ejection fraction; HR, hazard ratio; NSTEMI, non-STEMI; PCI, percutaneous coronary intervention; and

STEMI, ST-segment—elevation myocardial infarction.

mortality,’”” whereas 90-day administration of metoprolol
showed 36% mortality reduction.'® For the long-term effect,
timolol reduced mortality by 39% during a mean follow-up
of 17 months, and the mortality curves continued to
diverge up to 30 months.'” In an extensive follow-up of
the same study, the survival curves continue to diverge
until 6 years but only in high-risk patients.?’ In the BHAT
(B-Blocker Heart Attack Trial) trial, propranolol showed a
mortality reduction of 25%; nevertheless, the survival curves
became parallel after 1 year.?' In a long-term follow-up
study of the BHAT trial, propranolol showed a beneficial
effect only among patients with recurrent ischemic events
and congestive heart failure during the first 1 year after

AMI,?? indicating that the beneficial effect of propra-
nolol beyond 1 year after AMI was confined to high-risk
patients. However, these initial P-blocker studies were
performed in the era of AMI treatment without reperfusion
therapy.

In the present era of effective reperfusion with percuta-
neous coronary intervention and coronary artery bypass graft
surgery, the effect of B-blockers may be different. Early
intravenous administration of metoprolol therapy in (predom-
inantly) patients with STEMI decreased the risks of reinfarc-
tion and ventricular fibrillation, but not mortality, for up to
4 weeks of treatment in the COMMIT (Clopidogrel and
Metoprolol in Myocardial Infarction) trial.?® For the long-term
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Subgroup analysis in population 2
B
Subgroup poror HREOS%CIl  PValue | ometor

Age <65 1082 «<——— 051(0.17-156) 0239 0,037
>=65 858 —4—+——  086[055133]  0.489

Sex Male 1507 —e———  083[051-136] 0457 0284
Female 433 —f—+ 050[0.24-1.07]  0.073

Diabetes  Yes 531 § > 096[0.49-189] 0911 0709
No 1409 ——— 0.69[0.41-1.16]  0.162

Hypertension Yes 980 — 073[0.45-119] 0206  0.111
No 960 — 0.65(0.29-147]  0.303

Diagnosis ~ STEMI 1028 . 078[0.41-149] 0454 0945
NSTEMI 910 ~ —4—+——  076[045-131] 0329

RAS-inhibitor Yes 1494 —@— | 057[0.36-091] 0019  0.035
No 446 ——> 125[054290)  0.597

Diuretics ~ Yes 543 ~ —f——  074[0.44124] 0251  0.938
No 1,397 * 0.70[0.34-144]  0.333

Statin Yes 1724 —@— 0.64[0.41-1.00) 0052 0203
No 216 > 136(052353] 053

EF <40% 208 > 110(0.45271] 0831 0200
>=40% 1732 —— 0.69[0.43-1.09]  0.108

cr <14 1703 —@—— 066[0.39-1.11]  0.12 0.055
>=14 237 ————> 128[0.62-265]  0.499

Treatment  PCI 1603 ~ —@—— 074[046-1.18] 0206  0.182
CABG 132 <—f— > 060[0.17-216]  0.435

[ A
02 0.6 1.0 14

Figure 4. Continued.

outcome, B-blocker therapy was associated with improved
survival in a subgroup of patients with reduced LV ejection
fraction,"’ but not in those without heart failure and LV
systolic dysfunction.'®%*

In this study, the patients who were receiving B-blockers at
discharge had a better 5-year survival, and the survival curves
continued to diverge during the entire follow-up duration.
Although the patients with B-blocker prescription at discharge
had more favorable baseline characteristics, p-blocker pre-
scription was associated with a 29% reduced risk of mortality
after adjustment for significant covariates, confirming the
beneficial effect of B-blocker prescription at discharge after
AMI. This benefit seemed unrelated to the blood pressure—

lowering effect because no difference in blood pressure was
observed until 3 years after AMI. In the prespecified landmark
analyses at 1 and 3 years, we reevaluated all the patients on
their baseline characteristics and B-blocker prescription
because these important factors may change during follow-
up. Many studies do not provide data on whether B-blockers
were continued until the end of follow-up.?®> More important,
B-blocker use at 1 and 3 years after AMI was no longer
associated with reduced mortality in the Cox model, which
suggests that the beneficial effect is attributed to the
differences in baseline characteristics, not to B-blocker effect
per se. Similarly, Puymirat et al showed in a French prospec-
tive registry that discontinuation of B-blocker treatment in the
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Subgroup analysis in population 3

c
Subgroup  poror HR [95% CI] PV Ly

Age <65 687 +— | 0.18[0.04-079]  0.023 0.007
>=65 490  ————— 031[0.65266] 0453

Sex Male 937  —é—— 0.84[0.40-1.75]  0.943 0914
Female 240 ——— 065[022-196]  0.448

Diabetes ~ Yes =~ 302 —— 075[028-198]  0.555 0.766
No 875 ——— 101(0.46222] 0986

Hypertension Yes 572 —p—— 102[052-1.98]  0.963 0.018
No 605 ——i 048(008-281] 0414

Diagnosis ~ STEMI 669 ———4+—> 187(068516] 0226 0723
NSTEMI 506 —4—— 071[031-161] 0412

RAS-nhibitor Yes 869  —#——— 100053225 0809 0279
No 308 : > 099[023-429]  0.986

Diuretics ~ Yes 304  ————> 128[055298) 0568 0.126
No 873 ——— 052[0.18-146] 0216

Statin Yes 1020 —4— 0.79[040-157)  0.507 0.390

EF >=40% 1064  ——4——— 143074279 0291 0.037

cr <14 102 —#——— 1070049235 0863 0.100
=14 135 —F———> 104[0.36-302) 0938

Treatment ~PCI 983  —4—— 103[053-199] 0934 0.002

MTTTTTTT1
02 08 14 20 26

Figure 4. Continued.

year after the AMI was not related to a higher risk of mortality
up to 5 years.'®

New-Generation B-Blockers

Despite the extensive use of B-blockers in patients after AMI,
data on their benefits are derived from old studies®'? or
extrapolated from studies on chronic angina and heart
failure.®?¢ Therefore, data on the long-term effect of newer
generations of B-blockers, such as bisoprolol, nebivolol, and
carvedilol, are limited, which may have different properties
and distinct effects from those of the first-generation -
blockers (ie, propranolol or timolol). In patients with heart
failure and reduced ejection fraction, only long-acting meto-
prolol, bisoprolol, and carvedilol have proven survival benefits,
which indicates that the protective effect of B-blockers is not
a “class effect,” as seen in angiotensin-converting enzyme
inhibitors.”?”?® In this study, 70% and 27% received third-

generation carvedilol and second-generation bisoprolol,
respectively, and our study results did not demonstrate
different efficacies in patients with AMI, as reported in
previous studies.'®?’

Switch of B-Blockers to RAS Inhibitors

After 1 year, hypertension became an important risk factor
of long-term mortality in this study, and the use of RAS
inhibitors at 1 or 3 years showed a significant survival
benefit. B-Blockers are not recommended as the first-line
therapy for management of hypertension because of their
inferior efficacy to that of RAS inhibitors.3®3" RAS
inhibitors, such as angiotensin-converting enzyme inhibitors
and angiotensin receptor blockers, exert pleiotropic effects
and reduce oxidative stress, cardiovascular fibrosis, and
vascular and cardiac muscle hypertrophies,®? independently
of their blood pressure—lowering property. Whether
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Figure 5. Five-year all-cause and cardiovascular (cv) mortality in propensity score-matched cohort. A, In the Kaplan-Meier
survival analysis, the patients with a B-blocker (BB) prescription in population 1 had lower mortality rate than their counterparts
without BB use. However, the 5-year mortality did not differ between patients with or without BB prescription in population 2 (B) and
population 3 (C). For 5-year cv mortality, the patients with a BB prescription in population 1 had lower mortality rate than their
counterparts without BB use (D); however, there was no difference between patients with or without BB prescription in populations 2 (E)

and 3 (F).

B-blockers should be switched to other classes of antihy-
pertensive agents in patients with hypertension 1 year after
AMI or later should be confirmed in further clinical trials.

Limitations

The current data are not results of a randomized controlled
study but are from a single-center registry. Consequently, the
risk factors showed a nonuniform distribution between the
groups. Patients who did not receive B-blocker at discharge
were sicker and at higher risk, which could potentially affect
the results. Although we adjusted for significant risk factors,
unmeasured covariates, such as instrumental variables, may
have influenced the study outcomes. Although some

statistical techniques can be used to eliminate unmeasured
covariates,®® only well-designed randomized controlled clini-
cal trials are likely to be free of measured and unmeasured
confounders. Furthermore, because of attrition of sample size
in populations 2 and 3, we cannot exclude the possibility of
type 1 error for the neutral association between B-blockers
and mortality.

The main strength is that we could collect the information
of all the patients who were undergoing regular follow-up, with
a relatively small follow-up loss, which is rare at a tertiary
hospital. Our hospital is a paperless hospital, and its
electronic medical record system complies with stage 7 of
the Healthcare Information and Management System Society;
thus, we could reevaluate all patients’ information at
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Figure 6. One-year mortality. A through C, 1-year all-cause mortality. D through

F, 1-year cardiovascular (cv)

mortality. G through |, 1-year all-cause mortality in propensity-matched cohort. J through L, 1-year cv mortality in
propensity-matched cohort. BB indicates B-blocker.
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discharge and 1 and 3 years after discharge. This unique
design enabled us to determine the optimal duration of -
blocker therapy, in comparison with studies that evaluated
long-term effects according to the [B-blocker prescription
statuses at discharge and 1 and 3 years after AMI. Never-
theless, randomized trials that evaluate the effect of -
blockers beyond 1 year in comparison with that of placebo
are necessary before inclusion of the use of B-blockers in
practice guidelines.

Conclusions

The beneficial effect of B-blocker therapy after AMI may be
limited to until 1 year after AMI. Whether late B-blocker
therapy beyond 1 year after AMI offers clinical benefit and
whether B-blockers should be switched to other classes of
antihypertensive agents in patients after AMI with hyperten-
sion should be confirmed in further clinical trials.
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Figure S1. Distribution of propensity score.
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