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ABSTRACT

BACKGROUND
Survival benefit of outpatient cardiac rehabilitation (CR) after acute myocardial infarction
(AMI) has recently been contested under the current real-world clinical practice. We investi‐
gated whether outpatient CR was associated with lower mortality and morbidity risks
among Japanese AMI patients.
METHODS
We analyzed patients who were admitted for AMI and received both percutaneous coronary
intervention and inpatient CR from January 2011 to December 2014, using a nationwide
administrative database in Japan (final date of follow-up: July 31, 2016). We compared
patients who received outpatient CR and who did not, and the primary outcome was a com‐
posite of all-cause death and recurrence of AMI after the landmark time-point of day 180
after discharge. We applied Cox proportional hazards model to estimate outcomes, and
propensity-score matching was applied to adjust for baseline imbalances.
RESULTS
A total of 5,654 patients (mean [SD] age, 66.8 [12.4] years; 21.2% female; median follow-up
period [IQR] 1.44 [0.87, 2.27] years), 730 (12.9%) participated in outpatient CR at least once
within 180 days of discharge. Of 1,458 propensity-score matched patients, outpatient CR
participation was associated with lower but statistically non-significant risks among the pri‐
mary outcome (1.38 vs. 2.12 per 100 patient-years; HR = 0.71; 95%CI, 0.32 to 1.61).
CONCLUSIONS
Among Japanese patients who admitted for AMI and received both percutaneous coronary
intervention and inpatient CR, outpatient CR was underutilized, and associated with a
statistically non-significant mortality and morbidity benefits. Further study is necessary to
reaffirm the real-world effectiveness of outpatient CR under the current real-world clinical
practice.
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INTRODUCTION

ardiac rehabilitation (CR) is a comprehensive
lifestyle intervention that includes exercise
training, risk-factor modification, education,

stress management, and psychological support for
patients with heart disease [1]. Systematic reviews of
randomized control trials (RCTs) have reported that CR
after acute myocardial infarction (AMI) reduce the risk
of mortality and morbidities, and this intervention is
widely recommended by the guidelines by The American
College of Cardiology Foundation/The American Heart
Association, The European Society of Cardiology, and
The Japanese Circulation Society [2–5].

Recently, however, the survival benefit of CR has been
questioned, because the abovementioned systematic
reviews may have overestimated the effectiveness of CR
due to publication bias, selective reporting featuring
small trials, and large weights of the old studies before
1970s [6]. The Rehabilitation After Myocardial Infarction
Trial (RAMIT), which evaluated the effectiveness of CR
for 1,813 AMI patients in the UK, and recent systematic
reviews showed non-significant or borderline benefits of
CR on all-cause mortality [2, 7–9]. Furthermore, positive
results of non-randomized studies in Western countries
may not be generalizable to non-Western countries,
because cardiac risk profiles and health-care environ‐
ments are different, and previous studies in non-Western
countries included too small sample sizes to evaluate the
survival benefit [10–13].

Overall, the aim of the present study is to investigate,
under current real-world clinical practice in a non-
Western country, whether outpatient CR participation is
associated with a lower risk of mortality and morbidities
than non-CR participation in patients who have been
admitted for AMI and received percutaneous coronary
intervention (PCI) and inpatient CR.

METHODS

STUDY DESIGN AND DATA SOURCE
This retrospective study was conducted using a nation‐
wide administrative database provided by Medical Data
Vision Co. Ltd. (Tokyo, Japan), which has been used
for several clinical studies [14]. The database contains
inpatient and outpatient administrative claims data and
inpatient discharge abstracts for 16.0 million patients,
sourced from 275 acute care hospitals with a Diagnosis
Procedure Combination/Per Diem Payment System; this
is similar to the Diagnosis Related Groups/Prospective

C
Payment System in the United States. The database well
represent clinical practices in acute hospital and suitable
for the study because patients with AMI is likely to admit
to such acute care hospitals. The database includes the
following data: anonymized patient identifiers; admission
and discharge dates; primary and secondary diagnoses at
admission, comorbidities at admission, and complica‐
tions during admission (using International Classification
of Diseases, 10th Revision [ICD-10] codes); devices, diag‐
nostic tests, and therapeutic procedures (using Japanese
procedural or claims codes); medications (using Anatom‐
ical Therapeutic Chemical [ATC] codes or Japanese claims
codes); and number of hospital beds, stratified into three
categories: below 200, 200 to 500, and over 500.

PATIENT ELIGIBILITY CRITERIA
We included patients who were admitted for AMI
(ICD-10 code: I21.x) from January 2011 to December
2014, and who received PCI and inpatient CR during
their hospitalization. Patients who did not receive inpa‐
tient CR were excluded, because 850 in 1535 (55.4%) of
certified teaching hospital by Japanese Circulation
Society did not provide any CR program in 2014 [15].
Patients who did not receive inpatient CR was unlikely to
receive outpatient CR under the circumstance. This
restriction would improve the comparability of the
patient and hospital characteristics due to the similarities
in the indication of inpatient CR and facility criterion to
provide inpatient CR. Following patients were also exclu‐
ded: 1) who transferred to another hospital, discharged to
a nursing home, or hospitalized for over 90 days during
their initial hospitalization, because they were not likely
to receive outpatient CR due to the high age, low ADL,
severity of the AMI, various comorbidities and complica‐
tions; 2) who experienced at least one of the following
events during the initial hospitalization or within 180
days after discharge: all-cause death, readmission for
AMI, or coronary artery bypass graft surgery; and 3)
whose final visit after discharge was within 180 days of
the initial hospitalization; 4) who received non-cardiac
rehabilitation, because some patients in non-CR group
might have received some rehabilitation (Fig. 1).

EXPOSURE AND OUTCOME VARIABLES
Patients were classified into two groups, a CR group and
a non-CR group. Patients who received outpatient CR at
least once within 180 days after discharge were classified
into the CR group, while others were the non-CR group.
We applied the period 180 days because CR, including
both inpatient and outpatient, is covered 150 days in
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Japanese health care system. Especially, outpatient CR is
covered up to 60 min per session and 3 times a week.
Patients were followed from the landmark time-point of
180 days after discharge until outcomes, the final visit, or
July 31, 2016, whichever came first. The primary outcome
was a composite of all-cause death or recurrence of AMI
(whichever occurred first); and secondary outcomes were
all-cause death, recurrence of AMI, and heart failure.
These outcomes were detectable when they happened at
the same hospital where the patient had admitted for the
index AMI but not detectable if it happened at the differ‐
ent hospital.

BASELINE VARIABLES
These baseline variables were identified: patient charac‐
teristics including age, sex; body mass index, smoking
history on admission; infarction site (anterior, inferior, or
others) and Killip class (I, II, III or IV according to heart
failure or cariogenic shock); ambulance use; activity of
daily living (ADL) score at discharge (Barthel index, 100
or <100); length of initial hospitalization; comorbidities;
procedures, devices, and prescriptions administered/used
during the index admission; hospital characteristics,
including the number of beds (<500 or ≥500) and teach‐
ing status (teaching or non-teaching; Supplemental
Table 1). All comorbidities had been validated in
Japanese administrative databases [16].

Fig. 1 Study flowchart. Flow diagram showing the process used to define the study population

AMI: Acute myocardial infarction; CR: cardiac rehabilitation; PS: propensity score.
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ETHICAL CONSIDERATIONS
The present study was approved by the ethics commit‐
tee of Kyoto University Graduate School of Medicine
(R1470). The requirement for informed consent was
waived because all data were anonymized. This study fol‐
lowed the guidelines of the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE),
and The Reporting of studies Conducted using Observa‐
tional Routinely-collected health Data (RECORD) State‐
ments [17, 18].

STATISTICAL ANALYSIS
Categorical variables were presented as numbers and per‐
centages. Continuous variables were presented as means
and standard deviations if normally distributed, and as
medians and interquartile range (IQR) otherwise. Sur‐
vival analysis was conducted using the Kaplan-Meier
method and log-rank tests, and Cox proportional hazards
models were constructed to estimate the impact of outpa‐
tient CR on the primary and secondary outcomes.
Results were expressed as HRs with 95%CIs. Immortal
time refers to a span of time in a follow-up period of a
cohort during which the outcome under study could not
have occurred because of exposure definition. For exam‐
ple, in the study, all patients in the CR group survived
until their last CR session. To account for this bias, we
conducted two types of analyses, landmark analysis as
main analysis and Cox proportional hazards model with
time-dependent variable as sensitivity analysis. [19, 20]
We defined day 180 after discharge as “day 0,” and con‐
ducted landmark analyses after this point. The propor‐
tional hazards assumption was assessed by the log-log
survival curves to the log times and was found to be
valid. We applied 1:1 propensity-score (PS) matching
analysis to account for baseline imbalances observed
between the CR and non-CR groups and to estimate
unbiased treatment effects of outpatient CR. We used a
logistic regression model for outpatient CR participation
to calculate a PS for each patient in the study and inclu‐
ded 41 baseline variables that we considered to be related
to outcomes, regardless of the relation to CR participa‐
tion (eAppendix in Supplement). We employed a greedy,
nearest-neighbor matching algorithm with caliper widths
of less than or equal to 0.2 of the standard deviation of
the logit of the PS without replacement to form pairs of
patients who received and did not receive outpatient CR.
The balance between the CR and non-CR groups was
assessed using absolute standardized differences, and we
defined a standardized difference greater than 0.1 as a
meaningful covariate imbalance between the groups

before and after PS matching [21]. As we observed a sig‐
nificant imbalance in some covariates between patients
who had at least one missing variable and those who did
not, it was not plausible that the assumptions were miss‐
ing completely at random (Supplemental Table 2). Con‐
sequently, we employed multiple imputation methods
using a chained equation to create 20 datasets, which
would mitigate potential bias as a result of missing data,
under the assumption that the data were missing at ran‐
dom rather than missing not at random [22]. The impu‐
tation models included all covariates for the primary
analysis and outcomes. After multiple-imputing the miss‐
ing covariates data and calculating PSs, we averaged each
patient’s 20 PSs, matching the outpatient CR group and
non-outpatient CR group based on their averaged scores
and estimating the treatment effects [23]. We conducted
subgroup analyses to evaluate statistical interactions
between outpatient CR and clinically relevant subgroups;
these groups were based on variables including age, sex,
infarction site, Killip class, and low-ADL at discharge.
Furthermore, we conducted sensitivity analyses to check
the consistency of the results in the primary analysis and
the extent of the biases. First, we conducted 1:2 and 1:3
PS matching, and inverse probability of treatment
weighting method (average treatment effect on treat‐
ment) to account for the loss of sample size in the non-
CR group as a result of 1:1 matching. Next, to account for
immortal time bias, we constructed a Cox proportional
hazards model with a time-dependent variable but with‐
out the 180-day landmark period. A time-dependent var‐
iable was defined as the period from the discharge to the
last outpatient CR session, which accounted for immortal
time bias. The immortal time was moved from the CR
group to the non-CR group. Additionally, we conducted
several sensitivity analyses. First, we compared patients
within the CR group whose period between the first and
last outpatient CR was longer than or equal to 90 days
(the median period of outpatient CR) and short-CR par‐
ticipants. Second, we compared patients who received
outpatient CR once a week or more frequent (the median
frequency of outpatient CR) and less-frequent (less than
once a week) participants. Third, we compared patients
whose total number of outpatient session was more than
7 (the median number of outpatient CR) and equal or
fewer than 7. We considered two-sided p-values of <.05
to be statistically significant. All analyses were conducted
using SAS version 9.4 (SAS Institute).

Cardiac Rehabilitation after AMI

13



RESULTS

BASELINE CHARACTERISTICS
A total of 7,411 patients were admitted for AMI and
received both PCI and inpatient CR between January
2011 and December 2014. After applying the exclusion
criteria, 1,757 patients were excluded, and the final study
population comprised 5,654 patients, with a median
(IQR) follow-up period of 1.44 years (0.87, 2.27; Fig. 1).
Patients in the CR group were younger, had a higher
body mass index, were more likely to have anterior AMI,
diabetes, and were more likely to be prescribed statins
and oral anticoagulants, but were less likely to have
peripheral vascular disease, renal disease, and low-ADL.
More patients in the CR group were admitted to hospitals
with <500 beds (Table 1). After multiple imputation
and 1:1 PS matching, 729 pairs were created, without
significant differences regarding baseline characteristics,
between the CR and non-CR groups (Table 1 and
Supplemental Tables 3–5).

OUTPATIENT CR PARTICIPATION
Among the final study population, 730 (12.9%) received
at least one outpatient CR session within 180 days after
discharge. During the study period, the percentage of CR
participants increased from 8.1% in 2011 to 13.9% in
2014. Among the CR group, the median (IQR) period
from discharge to the first outpatient CR was nine (4, 17)
days; the median (IQR) period between the first and the
last CR was 93.5 (14, 145) days; the median (IQR) num‐
ber of the CR session was 7 (2, 16); 404 (55.3%) patients
received outpatient CR less than once a week, 288
(39.5%) received once a week, and 38 (5.2%) patients
received twice or more per week.

OUTCOMES
In crude analysis, incidence rates of the primary compo‐
site outcome of all-cause death and AMI between the CR
and non-CR groups were 1.38 and 2.57 per 100 patient-
years, respectively, and we observed a significantly low
risk in the CR group regarding the primary outcome (HR
= 0.51; 95%CI, 0.31 to 0.83; p = .007). In contrast, in the
matched cohort, incidence rates of the primary compo‐
site outcome of all-cause death and AMI between the CR
and non-CR groups were 1.38 and 2.12 per 100 patient-
years, respectively. We did not observe any significant
difference between the CR and non-CR groups regarding
the primary outcome (HR = 0.71; 95%CI, 0.32 to 1.61;
P = .42; Fig. 2). Further, between the CR and non-CR
groups all secondary outcomes were also not significantly

different (Table 2).

SUBGROUP AND SENSITIVITY ANALYSES
In subgroup analyses, no statistical interaction was
observed among relevant subgroups. Similarly, we
observed no significant differences among 1:2, 1:3 PS
matching analyses, inverse probability treatment weight‐
ing, and the Cox proportional hazards model with a
time-dependent variable. On the other hand, the rela‐
tionship between duration, frequency, and the total num‐
ber of outpatient CR and subsequent outcomes were not
consistent among analyses (Fig. 3).

DISCUSSION

In this retrospective study examined patients with AMI
who received both PCI and inpatient CR, 12.9% of the
patients received at least one outpatient CR. However,
among 1,458 propensity-score matched patients, statisti‐
cally non-significant survival benefit of outpatient CR
was observed.

Recently, the survival benefit of CR has been ques‐
tioned, because recent randomized evidence have shown
that CR may have non-significant or borderline effects
regarding all-cause and cardiovascular mortalities [5, 6,
9]. In the updated Cochrane review in 2016, CR did not
decrease all-cause mortality contrary to a previous ver‐
sion in 2011, whereas cardiovascular mortality was
decreased in both reviews; this discrepancy was attrib‐
uted to two reasons [2]. First, publication bias and selec‐
tive reporting with small studies were suspected in these
systematic reviews [6, 24]. For instance, the RAMIT trial,
which examined 1,813 AMI patients in the UK found no
survival benefit of CR regarding all-cause mortality at
one, two, or 7–9 years [7]. We assume that the change in
the 2016 update was largely influenced by the findings of
the RAMIT, because the overall median sample size of
included studies in the systematic review was only 126
[7]. Second, some older trials in the 1960s and 1970s
attributed large weights in these systematic reviews [25,
26]. In one study, 20% and 30% of patients in the CR and
non-CR groups died after a three-year follow-up [25].
Mortality risk in these old studies was substantially
higher because none of coronary care units, primary PCI,
and current evidence-based drugs were available. To
account for this problem, Powell et al. included only
patients who were recruited after 2000 in their review,
and no benefit of CR was observed regarding all-cause
and cardiovascular mortality [9]. Consistent results both
in the present study and recent randomized evidence
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Table 1 Baseline characteristics

Before matching

 

After matching

CR group,
n = 730

Non-CR group,
n = 4,924 SD, % CR group,

n = 729
Non-CR group,

n = 729 SD, %

Patient characteristics  

Age, years, mean (SD) 65.1 (11.0) 67.0 (12.5) 16

 

65.1 (11.0) 65.0 (12.4) 1.3

Male sex, n (%) 589 (80.7) 3,865 (78.5) 5.4 588 (80.7) 567 (77.8) 7.1

Body mass index, mean (SD) 24.4 (3.7) 23.9 (3.7) 13 24.4 (3.7) 24.4 (4.0) 0.7

Body mass index, missing, n (%) 35 (4.8) 315 (6.4) 7 35 (4.8) 48 (6.6) 7.7

Smoking history, n (%) 336 (55.8) 2,555 (58.9) 6.3 336 (55.9) 346 (54.2) 3.4

Smoking history, missing, n (%) 128 (17.5) 589 (12.0) 16 128 (17.6) 91 (12.5) 14

Killip class, n (%) . .

1 384 (54.5) 2,591 (55.1) 1.3 384 (54.5) 354 (50.6) 7.8

2 222 (31.5) 1,419 (30.2) 2.9 221 (31.4) 252 (36.1) 9.9

3 48 (6.8) 351 (7.5) 2.5 48 (6.8) 44 (6.3) 2.1

4 51 (7.2) 342 (7.3) 0.1 51 (7.2) 49 (7.0) 0.9

Killip class, missing, n (%) 25 (3.4) 221 (4.5) 5.5 25 (3.4) 30 (4.1) 3.6

Infarction site . .

Anterior, n (%) 334 (45.8) 2,010 (40.8) 10 333 (45.7) 335 (46.0) 0.6

Inferior, n (%) 247 (33.8) 1,646 (33.4) 0.9 247 (33.9) 232 (31.8) 4.4

Other, n (%) 67 (9.2) 546 (11.1) 6.3 67 (9.2) 80 (11.0) 5.9

Infarction site, missing, n (%) 66 (9.0) 532 (10.8) 5.9 66 (9.1) 79 (10.8) 6

Ambulance use, n (%) 425 (58.2) 3,036 (61.7) 7 425 (58.3) 406 (55.7) 5.3

Ambulance use, missing, n (%) 0 (0.0) 1 (0.0) NA

Low-ADL at discharge, n (%) 34 (4.7) 726 (14.8) 35 34 (4.7) 33 (4.6) 0.6

ADL at discharge, missing, n (%) 3 (0.4) 20 (0.4) 0.1 3 (0.4) 4 (0.5) 2

Length of admission, days, median (IQR) 14 (11, 20) 14 (11, 19) 2.1 16.7 (9.4) 16.8 (8.9) 1

Comorbidities . .

Peripheral vascular disease, n (%) 43 (5.9) 435 (8.8) 11 43 (5.9) 40 (5.5) 1.8

Cerebral artery disease, n (%) 33 (4.5) 318 (6.5) 8.5 33 (4.5) 42 (5.8) 5.6

Chronic pulmonary disease, n (%) 26 (3.6) 195 (4.0) 2.1 26 (3.6) 20 (2.7) 4.7

Liver disease, n (%) 23 (3.2) 131 (2.7) 2.9 23 (3.2) 23 (3.2) 0

Diabetes mellitus, n (%) 264 (36.2) 1,445 (29.3) 15 263 (36.1) 255 (35.0) 2.3

Renal disease, n (%) 16 (2.2) 235 (4.8) 14 16 (2.2) 19 (2.6) 2.7

Malignant neoplasms, n (%) 18 (2.5) 163 (3.3) 5 18 (2.5) 16 (2.2) 1.8

Procedures and devices . .

Drug-eluting stent use, n (%) 498 (68.2) 3,238 (65.8) 5.2 498 (68.3) 495 (67.9) 0.9

Bare-metal stent use, n (%) 234 (32.1) 1,774 (36.0) 8.4 234 (32.1) 230 (31.6) 1.2

Values are presented as means (SDs) if normally distributed, median (IQR) if non-normally distributed for numerical variables, and N (%) if categorical variables.
Body mass index was calculated as weight in kilograms divided by the square of height in meters.
Abbreviations: SD, standard difference; ACE, angiotensin-converting enzyme; ADL, activities of daily living; ARB, angiotensin receptor blockers; CCU, coronary care
unit; CR, cardiac rehabilitation; IABP, intra-aortic balloon pumping; ICU, intensive care unit.
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insist that CR might have no survival benefits under the
current evidence-based clinical practice.

On the other hand, results in the present study were
inconsistent with non-randomized studies that had
reported lower mortality risks for CR participants [12,
27]. For example, the Cardiac Rehabilitation Outcome
Study, which systematically reviewed 46,338 patients
after acute coronary syndrome, showed significant lower

mortality risks both in prospective and retrospective
cohort studies [12]. We assumed the following reasons
for the discrepancy. First, the sample size of 1,458 in the
present study may have been insufficient to detect the
survival benefit of CR, whereas some non-randomized
studies in Western countries included more than 10,000
patients [24, 25]. It was somewhat owing to insufficient
CR delivery and uptake in Japan, because the outpatient

Table 1-2 Baseline characteristics

Before matching

 

After matching

CR group,
n = 730

Non-CR group,
n = 4,924 SD, % CR group,

n = 729
Non-CR group,

n = 729 SD, %

Number of coronary stents, n (%)  . .

1 370 (50.7) 2,623 (53.3) 5.2

 

370 (50.8) 396 (54.3) 7.1

2 155 (21.2) 1,133 (23.0) 4.3 155 (21.3) 143 (19.6) 4.1

3 70 (9.6) 527 (10.7) 3.7 70 (9.6) 63 (8.6) 3.3

≥4 76 (10.4) 390 (7.9) 8.6 76 (10.4) 84 (11.5) 3.5

ICU/CCU admission, n (%) 629 (86.2) 4,189 (85.1) 3.1 629 (86.3) 631 (86.6) 0.8

Respirator, n (%) 68 (9.3) 344 (7.0) 8.5 67 (9.2) 65 (8.9) 1

Hemodialysis, n (%) 11 (1.5) 112 (2.3) 5.6 11 (1.5) 8 (1.1) 3.6

IABP, n (%) 109 (14.9) 604 (12.3) 7.8 108 (14.8) 109 (15.0) 0.4

Transfusion, n (%) 24 (3.3) 253 (5.1) 9.2 24 (3.3) 21 (2.9) 2.4

Medications . .

Aspirin, n (%) 720 (98.6) 4,859 (98.7) 0.4 719 (98.6) 718 (98.5) 1.2

P2Y12 inhibitors, n (%) 715 (97.9) 4,821 (97.9) 0.3 714 (97.9) 707 (97.0) 6.1

Oral anticoagulants, n (%) 123 (16.8) 615 (12.5) 12 122 (16.7) 127 (17.4) 1.8

ACE inhibitors/ARBs, n (%) 594 (81.4) 3,911 (79.4) 4.9 593 (81.3) 609 (83.5) 5.8

Beta blockers, n (%) 526 (72.1) 3,435 (69.8) 5.1 525 (72.0) 527 (72.3) 0.6

Statins, n (%) 664 (91.0) 4,327 (87.9) 10 663 (90.9) 655 (89.8) 3.7

Catecholamines, n (%) 187 (25.6) 1,126 (22.9) 6.4 186 (25.5) 190 (26.1) 1.3

Hospital characteristics . .

Number of beds, ≥500, n (%) 231 (31.6) 2,110 (42.9) 23 498 (68.3) 475 (65.2) 6.7

Teaching hospital, n (%) 654 (89.6) 4,350 (88.3) 4 231 (31.7) 254 (34.8) 6.7

Calendar year 653 (89.6) 660 (90.5) 3.2

2011, n (%) 52 (6.7) 537 (10.5) 13 . .

2012, n (%) 88 (11.3) 737 (14.3) 9.1 52 (7.1) 54 (7.4) 1.1

2013, n (%) 231 (29.7) 1,431 (27.9) 4.1 88 (12.1) 88 (12.1) 0

2014, n (%) 359 (46.1) 2,219 (43.2) 5.9 230 (31.6) 227 (31.1) 0.9

Values are presented as means (SDs) if normally distributed, median (IQR) if non-normally distributed for numerical variables, and N (%) if categorical variables.
Body mass index was calculated as weight in kilograms divided by the square of height in meters.
Abbreviations: SD, standard difference; ACE, angiotensin-converting enzyme; ADL, activities of daily living; ARB, angiotensin receptor blockers; CCU, coronary care
unit; CR, cardiac rehabilitation; IABP, intra-aortic balloon pumping; ICU, intensive care unit.
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Fig. 2 Kaplan-Meier cumulative event curve with and without outpatient cardiac rehabilitation in the propensity-score matched cohort

This figure shows the Kaplan-Meier cumulative event curve for multiple imputed and 1:1 propensity-score matched patients (n = 1,458), including
those who received outpatient cardiac rehabilitation (CR group, n = 729) and those who did not (non-CR group, n = 729), on the composite of all-
cause death and/or recurrence of acute myocardial infarction. AMI: acute myocardial infarction; CR: cardiac rehabilitation.

Table 2 Primary and secondary outcomes in 1:1 propensity score matching analysis

CR group (n = 729)
 

Non-CR group (n = 729)
HR (95%CI) P valuea

No. of events Incidence rateb No. of events Incidence rateb

All-cause death and/or recurrence of AMI 18 1.38  24 2.12 0.71 (0.32 to 1.61) 0.42

All-cause death 9 0.68

 

15 1.31 0.83 (0.25 to 2.73) 0.76

Recurrence of AMI 9 0.69 10 0.88 0.56 (0.19 to 1.66) 0.29

Heart failure 26 2.01 23 2.06 0.89 (0.47 to 1.72) 0.74

Outcomes were analyzed for a multiple imputed and 1:1 propensity score matched cohort (n = 1,458) of 5,654 total patients. Data were analyzed using the Cox
proportional hazards model, and the landmark day 180 after discharge from the index admission was defined as day 0 in the analysis. A HR <1 favors outpatient
CR participation.
Abbreviations: AMI, acute myocardial infarction; CR, cardiac rehabilitation.
a P values for log-rank test
b Incidence rates are shown as no. of cases per 100 patient-year
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CR participants is much fewer than in Western countries
(i.e., 13% vs. 30%) [24, 26]. It is possible that the low CR
intensity concealed the benefit of CR, because 95% of the
CR participants received outpatient CR once or less per
week in the present study, although Japanese guideline
recommended the exercise at least three times a week [3].
Second, in the present study, the mortality rate of 1.0 per

100 patient-years was approximately one-fifth of what is
observed in Western countries [27, 28]. Even if outpa‐
tient CR has some survival benefit, it would be relatively
difficult to detect the benefit in some low-risk popula‐
tions such as those from East Asia, because of their low
cardiovascular risk [13].

Among sensitivity analyses, we observed a significantly

Fig. 3 Forest plot of subgroup and sensitivity analyses

Subgroup analyses were conducted for the multiple imputed and 1:1 propensity score matched cohort (n = 1,458) on the primary composite
outcome of all-cause death and recurrence of acute myocardial infarction. The sum of group totals of nos. and percentages regarding smoking his‐
tory, Killip class, infarction site, and low activity of daily living do not add to 100% because groups of missing data are not shown. P values were
calculated for the interaction between outpatient cardiac rehabilitation (CR) and each subgroup in subgroup analyses. Duration of CR compared
long-CR (patients whose period between their first and last CR session was longer than or equal to 90 days) with short-CR being attributed other‐
wise. Frequency of CR compared patients who received outpatient CR once a week or more frequent and less than once a week. Number of CR
compared patients whose total number of outpatient CR was more than 7 and equal or less than 7.
ADL: activity of daily living; CR: cardiac rehabilitation; IPTW: inverse probability of treatment weighting; ATT: average treatment effect on treatment.
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lower risk for patients who continued outpatient CR over
90 days than for those who did not. Similar dose-
response associations have also been shown in some
observational studies [30, 31]. The result insists that
higher dose of outpatient CR may be associated with
better prognosis. However, other sensitivity analyses
showed non-significant or high risks if the patient
received outpatient CR more frequently or who received
more outpatient CR session. As a result, the dose-
response association between outpatient CR participa‐
tion and the outcome is also still unclear.

There are some strength in the present study. First, the
study is the largest study other than the North America
and Europe. Because most study about CR derived
from such Western countries, the generalizability in non-
Western country, especially in Asia, is still uncertain.
Therefore, generalizability of our results in Asian country
must be high. Second, our results was consistent among
various sensitivity analyses and it support the consistency
of our analyses. In contrast, there are several limitations
in the present study. First, because this study was not an
RCT, it is impossible to draw any conclusions regarding
causation because of confounding. In addition, our data
did not include some important patient characteristics
(e.g., left ventricular ejection fraction, severity of coro‐
nary artery disease, and socio-economic status), because
the data were originally collected for billing purposes.
Second, as noted above, statistically non-significant
results in the present study can have been caused by beta
error due to the insufficient statistical power (e.g., limited
sample size, lower CR uptake, and short follow-up
period), even though we applied multiple imputation
methods to mitigate the loss of sample size and bias due
to missing data [22]. For example, the median follow-up
period of 1.5 years in the present study may have been
too short to detect the benefits of CR [12]. Third, the pri‐
mary and secondary outcomes may be underestimated
because the MDV database does not include any infor‐
mation other than contract institutions, and linkage to
other databases including National Death Index was
impossible. Fourth, type, dose, and intensity of exercise
and quality of CR programs were undetectable in the
present study, whereas all institutions were authorized by
local bureaus of health and welfare for reimbursement.
Since some performance measures and quality indicators

of CR have been proposed, quality evaluation and assur‐
ance should be undergone in future studies [32]. Fifth,
the results of the present study should not be applied to
other indications such as post-cardiac surgery, stable cor‐
onary artery disease, and heart failure. Similarly, the
present study’s results should be generalized with cau‐
tion, as they may not fully represent different risk popu‐
lations or health-care environments.

CONCLUSION

Among Japanese patients who admitted for AMI and
received both percutaneous coronary intervention and
inpatient CR, outpatient CR was underutilized, and asso‐
ciated with a statistically non-significant mortality and
morbidity benefits. Real-world effectiveness of outpatient
CR should be reaffirmed under the current real-world
clinical practice.
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eAppendix List of covariates for estimating propensity score

• Patient characteristics: Age, sex, body mass index, smoking history, Killip class (1–4), infarction site (anterior, inferior, other), ambulance use,
and low-ADL at discharge

• Comorbidities: Peripheral vascular disease, cerebral artery disease, chronic pulmonary disease, liver disease, diabetes mellitus, renal disease, and
malignant neoplasms

• Procedural characteristics: Drug-eluting stent use, bare-metal stent use, number of coronary stents (1, 2, 3, ≥4), intensive care unit/coronary care
unit admission, respirator use, hemodialysis, intra-aortic balloon pump use, or transfusion

• Medication: Aspirin, P2Y12 inhibitors, oral anticoagulants, ACE inhibitors/ARBs, beta blockers, statins, catecholamines

• Calendar years: 2011 to 2014

Abbreviations: ADL, activity of dairy living; ACE, angiotensin converting enzyme; ARB, angiotensin receptor blockers
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Supplemental Table 1 Diagnosis, procedures, and outcomes definitions

Diagnosis ICD-10 codes

AMI I21.x

 Anterior wall I21.0

 Inferior wall I21.1

 Other sites I21.2

Peripheral vascular disease I70.x, I71.x, I73.1, I73.8, I73.9, I77.1, I79.0, I79.2, K55.1, K55.8, K55.9, Z95.8, Z95.9

Cerebrovascular disease G45.x, G46.x, H34.0, I60.x–69.x

Chronic pulmonary disease I27.8, I27.9, J40.x–47.x, J60.x–67.x, J68.4, J70.1, J70.3

Liver disease B18.x, I85.0, I85.9, I86.4, I98.2, K70.0 - 70.4, K70.9, K71.1, K71.3–71.5, K71.7, K72.1, K72.9,
K73.x, K74.x, K76.0, K76.2–76.9, Z94.4

Diabetes E10.x–14.x

Renal disease I12.0, I13.1, N03.2–N03.7, N05.2–N05.7, N18.x, N19.x, N25.0, Z49.0–Z49.2, Z94.0, Z99.2

Malignant neoplasms C00.x–C26.x, C30.x–C34.x, C37.x–C41.x, C43.x, C45.x–C58.x, C60.x–C85.x, C88.x, C90.x–
C97.x

Procedures Japanese procedural codes or claims codes

Percutaneous coronary intervention K546.x–550.x

Coronary artery bypass grafting K552.x

Cardiac rehabilitation H000.1, H000.2

Non-cardiac rehabilitation H001.x, H002.x, H003.x

Intensive care unit/Coronary care unit admission A300.x, A301.x

Respirator J045.x

Hemodialysis J038.x

Blood transfusion K920.x

Intra-aortic balloon pumping K600.x

Drug-eluting stent 710010026

Bare-metal stent 710010018

Teaching hospital A204.2

Medications ATC codes or claims codes

Aspirin B01C1, B01C5, B01C9

P2Y12 inhibitors B01C2, B01C5

Oral anti-coagulants B01A0, B01E0, B01F0

ACE inhibitors/ARBs C09A, C09C, C09D

Beta blockers C07

Statins C10A1, C11A1

Catecholamines 620008384, 642450071, 642450165

Outcomes ICD-10 codes

Recurrence of AMI I21.x, I22.x

Heart failure I50.x

Abbreviations: AMI, Acute myocardial infarction; ICD-10, international classification of diseases, 10th revision; ATC, anatomical therapeutic chemical; ACE,
angiotensin-converting enzyme; ARB, angiotensin receptor blockers.
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Supplemental Table 2 Baseline characteristics, with and without missing variables

Missing variable (+) n = 1,643 Missing variable (−) n = 4,011 Standardized difference, %

Clinical characteristics
Age, years, mean (SD) 66.5 (12.3) 66.9 (12.4) 3.4
Male sex, n (%) 1,285 (78.2) 3,169 (79.0) 1.9
Body mass index, mean (SD) 24.0 (3.6) 24.0 (3.8) 0.2
Smoking history, n (%) 532 (57.5) 2,359 (58.8) 2.8
Killip class, n (%)
1 818 (58.6) 2,157 (53.8) 9.6
2 375 (26.8) 1,266 (31.6) 10
3 95 (6.8) 304 (7.6) 3
4 109 (7.8) 284 (7.1) 2.8
Infarction site
Anterior, n (%) 451 (27.4) 1,893 (47.2) 42
Inferior, n (%) 341 (20.8) 1,552 (38.7) 40
Other, n (%) 603 (36.7) 10 (0.2) 106
Ambulance use, n (%) 996 (60.7) 2,465 (61.5) 1.6
Low-ADL at discharge, n (%) 215 (13.3) 545 (13.6) 0.9
Admission period, days, median (IQR) 16.9 (10.2) 16.4 (9.1) 5.5
Comorbidities
Peripheral vascular disease, n (%) 134 (8.2) 344 (8.6) 1.5
Cerebral artery disease, n (%) 100 (6.1) 251 (6.3) 0.7
Chronic pulmonary disease, n (%) 69 (4.2) 152 (3.8) 2.1
Liver disease, n (%) 57 (3.5) 97 (2.4) 6.2
Diabetes mellitus, n (%) 553 (33.7) 1,156 (28.8) 10
Renal disease, n (%) 79 (4.8) 172 (4.3) 2.5
Malignant neoplasms, n (%) 48 (2.9) 133 (3.3) 2.3
Procedural characteristics
Drug-eluting stent, n (%) 1,132 (68.9) 2,604 (64.9) 8.5
Bare-metal stent, n (%) 500 (30.4) 1,508 (37.6) 15
Number of coronary stents, n (%)
1 864 (52.6) 2,129 (53.1) 1
2 357 (21.7) 931 (23.2) 3.6
3 195 (11.9) 402 (10.0) 5.9
≥4 119 (7.2) 347 (8.7) 5.2
ICU/CCU admission, n (%) 1,429 (87.0) 3,389 (84.5) 7.1
Respirator use, n (%) 141 (8.6) 271 (6.8) 6.9
Hemodialysis, n (%) 33 (2.0) 90 (2.2) 1.6
IABP use, n (%) 230 (14.0) 483 (12.0) 5.8
Transfusion, n (%) 96 (5.8) 181 (4.5) 6
Medications
Aspirin, n (%) 1,621 (98.7) 3,958 (98.7) 0.2
P2Y12 inhibitors, n (%) 1,603 (97.6) 3,933 (98.1) 3.3
Oral anticoagulants, n (%) 185 (11.3) 553 (13.8) 7.6
ACE inhibitors/ARBs, n (%) 1,230 (74.9) 3,275 (81.7) 17
Beta blockers, n (%) 1,145 (69.7) 2,816 (70.2) 1.1
Statins, n (%) 1,422 (86.5) 3,569 (89.0) 7.4
Catecholamine, n (%) 364 (22.2) 949 (23.7) 3.6
Hospital characteristics
Number of beds, ≥500, n (%) 811 (49.4) 1530 (38.1) 23
Teaching hospital, n (%) 1,488 (90.6) 3,516 (87.7) 9.3
Year
2011, n (%) 156 (9.5) 433 (10.8) 4.3
2012, n (%) 221 (13.5) 604 (15.1) 4.6
2013, n (%) 493 (30.0) 1,169 (29.1) 1.9
2014, n (%) 773 (47.0) 1,805 (45.0) 4.1

A patient was classified into the missing variable (+) group if the patient had at least one missing value.
Values are presented as means (SDs) if normally distributed, median (IQR) if non-normally distributed numerical variables, and N (%) if categori‐
cal variables.
Body mass index was calculated as weight in kilograms divided by the square of height in meters.
Abbreviations: CR, cardiac rehabilitation; SD, standard deviation; IQR, interquartile range; ADL, activities of daily living; ICU, intensive care unit;
CCU, coronary care unit; IABP, intra-aortic balloon pumping; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blockers.
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Supplemental Table 3 Baseline characteristics of the imputed and matched cohort (1/20)

CR group, n = 727 No CR group, n = 727 Standardized difference, %

Clinical characteristics
Age, years, mean (SD) 65.1 (11.0) 65.3 (12.3) 1.9
Male sex, n (%) 586 (80.6) 580 (79.8) 2.1
Body mass index, mean (SD) 24.4 (3.7) 24.1 (3.6) 8.2
Smoking history, n (%) 414 (56.9) 409 (56.3) 1.4
Killip class, n (%)
1 395 (54.3) 382 (52.5) 3.6
2 227 (31.2) 234 (32.2) 2.1
3 50 (6.9) 51 (7.0) 0.5
4 55 (7.6) 60 (8.3) 2.5
Infarction site
Anterior, n (%) 356 (49.0) 345 (47.5) 3
Inferior, n (%) 274 (37.7) 279 (38.4) 1.4
Other, n (%) 97 (13.3) 103 (14.2) 2.4
Ambulance use, n (%) 425 (58.5) 424 (58.3) 0.3
Comorbidities
Peripheral vascular disease, n (%) 43 (5.9) 33 (4.5) 6.2
Cerebral artery disease, n (%) 33 (4.5) 29 (4.0) 2.7
Chronic pulmonary disease, n (%) 25 (3.4) 35 (4.8) 6.9
Liver disease, n (%) 23 (3.2) 24 (3.3) 0.8
Diabetes mellitus, n (%) 261 (35.9) 262 (36.0) 0.3
Renal disease, n (%) 16 (2.2) 13 (1.8) 3
Malignant neoplasms, n (%) 18 (2.5) 12 (1.7) 5.8
Low-ADL at discharge, n (%) 36 (5.0) 40 (5.5) 2.5
Procedural characteristics
Drug-eluting stent, n (%) 496 (68.2) 489 (67.3) 2.1
Bare-metal stent, n (%) 234 (32.2) 243 (33.4) 2.6
Number of coronary stents, n (%)
1 369 (50.8) 387 (53.2) 5
2 155 (21.3) 163 (22.4) 2.7
3 70 (9.6) 59 (8.1) 5.3
≥4 75 (10.3) 81 (11.1) 2.7
ICU/CCU admission, n (%) 627 (86.2) 630 (86.7) 1.2
Respirator use, n (%) 65 (8.9) 67 (9.2) 1
Hemodialysis, n (%) 11 (1.5) 10 (1.4) 1.2
IABP use, n (%) 106 (14.6) 120 (16.5) 5.3
Transfusion, n (%) 24 (3.3) 22 (3.0) 1.6
Admission period, days, mean (SD) 16.6 (9.0) 16.8 (9.6) 2.4
Medications
Aspirin, n (%) 717 (98.6) 717 (98.6) 0
P2Y12 inhibitors, n (%) 712 (97.9) 715 (98.3) 3.1
Oral anticoagulants, n (%) 121 (16.6) 113 (15.5) 3
ACE inhibitors/ARBs, n (%) 591 (81.3) 577 (79.4) 4.8
Beta blockers, n (%) 523 (71.9) 540 (74.3) 5.3
Statins, n (%) 661 (90.9) 666 (91.6) 2.4
Catecholamine, n (%) 184 (25.3) 178 (24.5) 1.9
Hospital characteristics
Number of beds, ≥500, n (%) 231 (31.8) 247 (34.0) 4.7
Teaching hospital, n (%) 651 (89.5) 653 (89.8) 0.9
Year
2011, n (%) 52 (7.2) 41 (5.6) 6.2
2012, n (%) 88 (12.1) 84 (11.6) 1.7
2013, n (%) 229 (31.5) 228 (31.4) 0.3
2014, n (%) 358 (49.2) 374 (51.4) 4.4

Values are presented as means (SDs) if normally distributed, median (IQR) if non-normally distributed numerical variables, and N (%) if
categorical variables.
Body mass index was calculated as weight in kilograms divided by the square of height in meters.
Abbreviations: CR, cardiac rehabilitation; SD, standard deviation; IQR, interquartile range; ADL, activities of daily living; ICU, intensive
care unit; CCU, coronary care unit; IABP, intra-aortic balloon pumping; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor
blockers.
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Supplemental Table 4 Baseline characteristics of the imputed and matched cohort (2/20)

CR group, n = 727 No CR group, n = 727 Standardized difference, %

Clinical characteristics
Age, years, mean (SD) 65.1 (11.0) 65.5 (12.3) 3.3
Male sex, n (%) 586 (80.6) 594 (81.7) 2.8
Body mass index, mean (SD) 24.4 (3.7) 24.2 (3.5) 6.6
Smoking history, n (%) 407 (56.0) 412 (56.7) 1.4
Killip class, n (%)
1 394 (54.2) 401 (55.2) 1.9
2 231 (31.8) 222 (30.5) 2.7
3 48 (6.6) 51 (7.0) 1.6
4 54 (7.4) 53 (7.3) 0.5
Infarction site
Anterior, n (%) 359 (49.4) 349 (48.0) 2.8
Inferior, n (%) 271 (37.3) 270 (37.1) 0.3
Other, n (%) 97 (13.3) 108 (14.9) 4.3
Ambulance use, n (%) 425 (58.5) 427 (58.7) 0.6
Comorbidities
Peripheral vascular disease, n (%) 43 (5.9) 43 (5.9) 0
Cerebral artery disease, n (%) 33 (4.5) 28 (3.9) 3.4
Chronic pulmonary disease, n (%) 25 (3.4) 14 (1.9) 9.4
Liver disease, n (%) 23 (3.2) 28 (3.9) 3.7
Diabetes mellitus, n (%) 261 (35.9) 254 (34.9) 2
Renal disease, n (%) 16 (2.2) 18 (2.5) 1.8
Malignant neoplasms, n (%) 18 (2.5) 14 (1.9) 3.8
Low-ADL at discharge, n (%) 34 (4.7) 29 (4.0) 3.4
Procedural characteristics
Drug-eluting stent, n (%) 496 (68.2) 500 (68.8) 1.2
Bare-metal stent, n (%) 234 (32.2) 241 (33.1) 2.1
Number of coronary stents, n (%)
1 369 (50.8) 383 (52.7) 3.9
2 155 (21.3) 148 (20.4) 2.4
3 70 (9.6) 81 (11.1) 5
≥4 75 (10.3) 75 (10.3) 0
ICU/CCU admission, n (%) 627 (86.2) 615 (84.6) 4.7
Respirator use, n (%) 65 (8.9) 75 (10.3) 4.7
Hemodialysis, n (%) 11 (1.5) 11 (1.5) 0
IABP use, n (%) 106 (14.6) 118 (16.2) 4.6
Transfusion, n (%) 24 (3.3) 30 (4.1) 4.4
Admission period, days, mean (SD) 16.6 (9.0) 16.6 (8.6) 0.3
Medications
Aspirin, n (%) 717 (98.6) 717 (98.6) 0
P2Y12 inhibitors, n (%) 712 (97.9) 709 (97.5) 2.8
Oral anticoagulants, n (%) 121 (16.6) 121 (16.6) 0
ACE inhibitors/ARBs, n (%) 591 (81.3) 577 (79.4) 4.8
Beta blockers, n (%) 523 (71.9) 526 (72.4) 0.9
Statins, n (%) 661 (90.9) 654 (90.0) 3.3
Catecholamine, n (%) 184 (25.3) 189 (26.0) 1.6
Hospital characteristics
Number of beds, ≥500, n (%) 231 (31.8) 218 (30.0) 3.9
Teaching hospital, n (%) 651 (89.5) 647 (89.0) 1.8
Year
2011, n (%) 52 (7.2) 57 (7.8) 2.6
2012, n (%) 88 (12.1) 84 (11.6) 1.7
2013, n (%) 229 (31.5) 237 (32.6) 2.4
2014, n (%) 358 (49.2) 349 (48.0) 2.5

Values are presented as means (SDs) if normally distributed, median (IQR) if non-normally distributed numerical variables, and N (%) if
categorical variables.
Body mass index was calculated as weight in kilograms divided by the square of height in meters.
Abbreviations: CR, cardiac rehabilitation; SD, standard deviation; IQR, interquartile range; ADL, activities of daily living; ICU, intensive
care unit; CCU, coronary care unit; IABP, intra-aortic balloon pumping; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor
blockers.
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Supplemental Table 5 Baseline characteristics of the imputed and matched cohort (3/20)

CR group, n = 727 No CR group, n = 727 Standardized difference, %

Clinical characteristics
Age, years, mean (SD) 65.1 (11.0) 65.0 (12.6) 0.7
Male sex, n (%) 586 (80.6) 578 (79.5) 2.8
Body mass index, mean (SD) 24.5 (3.7) 24.3 (4.0) 4.1
Smoking history, n (%) 409 (56.3) 396 (54.5) 3.6
Killip class, n (%)
1 397 (54.6) 415 (57.1) 5
2 227 (31.2) 233 (32.0) 1.8
3 50 (6.9) 37 (5.1) 7.5
4 53 (7.3) 42 (5.8) 6.1
Infarction site
Anterior, n (%) 353 (48.6) 357 (49.1) 1.1
Inferior, n (%) 278 (38.2) 283 (38.9) 1.4
Other, n (%) 96 (13.2) 87 (12.0) 3.7
Ambulance use, n (%) 425 (58.5) 456 (62.7) 8.7
Comorbidities
Peripheral vascular disease, n (%) 43 (5.9) 45 (6.2) 1.2
Cerebral artery disease, n (%) 33 (4.5) 36 (5.0) 1.9
Chronic pulmonary disease, n (%) 25 (3.4) 34 (4.7) 6.3
Liver disease, n (%) 23 (3.2) 21 (2.9) 1.6
Diabetes mellitus, n (%) 261 (35.9) 255 (35.1) 1.7
Renal disease, n (%) 16 (2.2) 17 (2.3) 0.9
Malignant neoplasms, n (%) 18 (2.5) 18 (2.5) 0
Low-ADL at discharge, n (%) 35 (4.8) 33 (4.5) 1.3
Procedural characteristics
Drug-eluting stent, n (%) 496 (68.2) 507 (69.7) 3.3
Bare-metal stent, n (%) 234 (32.2) 221 (30.4) 3.9
Number of coronary stents, n (%) . .
1 369 (50.8) 414 (56.9) 12
2 155 (21.3) 141 (19.4) 4.8
3 70 (9.6) 63 (8.7) 3.3
≥4 75 (10.3) 72 (9.9) 1.4
ICU/CCU admission, n (%) 627 (86.2) 635 (87.3) 3.3
Respirator use, n (%) 65 (8.9) 52 (7.2) 6.6
Hemodialysis, n (%) 11 (1.5) 11 (1.5) 0
IABP use, n (%) 106 (14.6) 96 (13.2) 4
Transfusion, n (%) 24 (3.3) 28 (3.9) 3
Admission period, days, mean (SD) 16.6 (9.0) 16.4 (9.6) 1.4
Medications . .
Aspirin, n (%) 717 (98.6) 713 (98.1) 4.3
P2Y12 inhibitors, n (%) 712 (97.9) 710 (97.7) 1.9
Oral anticoagulants, n (%) 121 (16.6) 119 (16.4) 0.7
ACE inhibitors/ARBs, n (%) 591 (81.3) 593 (81.6) 0.7
Beta blockers, n (%) 523 (71.9) 506 (69.6) 5.1
Statins, n (%) 661 (90.9) 655 (90.1) 2.8
Catecholamine, n (%) 184 (25.3) 182 (25.0) 0.6
Hospital characteristics
Number of beds, ≥500, n (%) 231 (31.8) 202 (27.8) 8.7
Teaching hospital, n (%) 651 (89.5) 646 (88.9) 2.2
Year . .
2011, n (%) 52 (7.2) 64 (8.8) 6.1
2012, n (%) 88 (12.1) 87 (12.0) 0.4
2013, n (%) 229 (31.5) 224 (30.8) 1.5
2014, n (%) 358 (49.2) 352 (48.4) 1.7

Values are presented as mean (SD) if normally distributed, median (IQR) if non-normally distributed numerical variables, and N (%) if
categorical variables.
Body mass index was calculated as weight in kilograms divided by the square of height in meters.
Abbreviations: CR, cardiac rehabilitation; SD, standard deviation; IQR, interquartile range; ADL, activities of daily living; ICU, intensive
care unit; CCU, coronary care unit; IABP, intra-aortic balloon pumping; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor
blockers.
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