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ABSTRACT

Objectives To verify the associations between
participation in an in-hospital cardiac rehabilitation (CR)
programme and clinical outcomes among patients with
acute myocardial infarction (AMI) after percutaneous
coronary intervention (PCI).

Design A retrospective cohort study using the Japanese
administrative claims database.

Setting Japanese acute-care hospitals.

Participants Patients aged >18 years who underwent PCI
due to AMI and survived to discharge.

Primary and secondary outcome measure The primary
outcomes were revascularisation, all-cause readmission
and cardiac readmission (median follow-up period: 324
days, 236 days and 263 days, respectively). The secondary
outcomes were all-cause mortality and cardiac mortality
(median follow-up period: both were 460 days).

Result The data of 13697 patients were extracted

from the database, and 65.4% of them participated in

an in-hospital CR. The risks of revascularisation, all-
cause readmission and cardiac readmission among CR
participants were compared with those of non-participants
using two statistical techniques: matched-pair analysis
based on propensity score and a 30-day landmark
analysis. The results of those analysis were consistent
and showed that the CR participants had lower risk of
revascularisation (adjusted HR: 0.74; 95% Cl: 0.65 to
0.84), all-cause readmission (HR: 0.81; 95%Cl: 0.74 to
0.88) and cardiac readmission (HR: 0.77; 95%Cl: 0.70 to
0.85). However, all-cause mortality and cardiac mortality
were not associated with participation in the CR.
Conclusions It was suggested that in-hospital CR
participation may reduce the risk of revascularisation,
all-cause readmission and cardiac readmission among
patients with AMI after PCI. In-hospital CR may expand the
potential benefits of CR in addition to outpatient CR.

INTRODUCTION

Acute myocardial infarction (AMI) and other
coronary artery diseases (CADs) have been
the leading cause of death worldwide for
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» We investigated the association of clinical progno-
sis and early in-hospital CR programme, which has
not been investigated widely, and found favourable
association.

» We performed multiple analyses and obtained con-
sistent results, indicating robustness of the results.

» The database used in this study includes a large
number of inpatients in acute-care hospitals in
Japan.

» We could not evaluate the important prognostic
factors, including ejection fraction, exercise capac-
ity, vital sign, functional status, frailty or social risk
factors, because they were not included in the data
we used.

» Due to the facility-based nature of the data, it was
not possible to identify events that occurred outside
of the hospital.

mortality of patients with AMI has declined in
the past decade,? approximately 20% of AMI
survivors have experienced major adverse
cardiac events within lyear after hospital
discharge.” Therefore, the secondary preven-
tive care of these patients is recognised to be
important.

Cardiac rehabilitation (CR) is one of the
secondary preventive care measures for
patients with AMI, which is a multidisci-
plinary programme consisting of exercise
therapy and patient education on secondary
prevention and lifestyle modification. Many
randomised controlled trials have been
conducted, and meta-analysis of these results
showed that CR reduced the mortality, read-
missions and improved the management of
risk factors.™® Based on this evidence, CR

Dr Kiyohide Fushimi; more than 15 years and are one of the most ~implementation is strongly recommended by
kfushimi.hci@tmd.ac.jp socially burdensome diseases.” Although the  relevant clinical guidelines.”"!
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Since a major component of CR is the outpatient
programme implemented after hospital discharge, the
established benefits of CR are mainly dependent on the
implementation of the outpatient programme. In the
outpatient programme, participants start the programme
after discharge and implement it regularly for weeks
or months. In some cases, patients participate in the
CR programme during hospitalisation. This in-hospital
programme consists of programmes for prevention of
deconditioning and recovery of daily activity in the acute
phase, as well as supervised exercise therapy and patient
education in the early recovery phase.” Given that AMI
survivors have a higher incidence rate of readmission or
major adverse cardiac events early after discharge,'*"”
they need secondary preventive care immediately after
onset. In addition, since an early enrolment in a CR
programme is associated with a positive effect on exercise
capacity,16 participation in the in-hospital CR programme
may have beneficial effects on clinical outcomes. Some
studies in Germany have reported that implementation
of in-hospital CR improved risk factor modification and
reduced all-cause mortality.17 18 However, the associations
of in-hospital CR and clinical prognosis such as revas-
cularisations or readmissions are not fully revealed. In
Japan, an in-hospital CR programme is predominantly
conducted for patients with AMI based on the programme
presented in the Japanese CR guideline.’

Here, we aimed to verify the associations between
participation in an in-hospital CR programme and clin-
ical outcomes among patients with AMI after percuta-
neous coronary intervention (PCI) on a nationwide scale
using Japanese large administrative claims database. We
hypothesised that in-hospital CR participation is related
to the risk reduction of revascularisation and readmission
after discharge.

METHODS

Study design and data sources

We conducted a retrospective cohort study using Japa-
nese administrative data. The data were extracted from
the Diagnosis Procedure Combination (DPC) database,
which is a Japanese national case-mix classification system
database.” It consists of administrative claims data and
discharge summary collected from acute-care hospitals
that operate under the DPC system (DPC hospitals).
The data amounts to 8 million inpatient episodes every
year and contain all their acute-care inpatients’ informa-
tion. In this database, it is possible to link inpatient and
outpatient records of each patient within each facility. All
study procedures were performed in accordance with the
Strengthening the Reporting of Observational Studies
in Epidemiology statement.”’ Patient consent was waived
according to the Ethical Guidelines for Medical and
Health Research Involving Human Subjects in Japan,”'
as the data analysed were only anonymised secondary
data. This study was approved by the Institutional Ethics

Committees at Tokyo Medical and Dental University
(M2000-788).

Study population

We extracted data of patients aged =18 years who under-
went PCI for AMI and survived to discharge between 1
April 2012 and 31 March 2014 from the DPC database. In
this study, we targeted patients who were admitted to the
hospitals, authorised to provide CR and perform outpa-
tient treatment of patients after discharge. The Interna-
tional Classification of Diseases, 10th Revision (ICD-10)
codes, 121 and 122, were used to identify patients with
AMI. If there were two or more records of admission,
we defined the earliest record as index admission. The
study included only patient who received outpatient care
after discharge in the hospital; and excluded patients
who stayed in the hospital for >60 days and who started
in-hospital CR at 30 days or more after admission because
they were considered highly likely to be clinical outliers.
In addition, patients who participated in other rehabil-
itation programmes and who participated only in the
outpatient CR programme were excluded to focus on the
in-hospital CR.

Each patient was followed using all inpatient and outpa-
tient records, which were created during the period from
discharge until 31 March 2016. Considering the facility-
based data characteristics, only patients who had regular
visits to the hospital were followed, and patients who
completed their regular visits were treated as a censored
case on the date of their last visit.

Cardiac rehabilitation

In Japan, CR is fully covered by the national health insur-
ance. Because Japan has introduced the national public
insurance system, all patients can receive CR within
the health insurance. However, only authorised facili-
ties meeting certain criteria can provide CR under the
health insurance. The criteria include staffing requiring
at least one full-time cardiologist or cardiac surgeon and
dedicated full-time nurses or physical therapists with
experience, equipment such as an ECG monitor, exer-
cise equipment and defibrillator, and an emergency
system that enables immediate surgery and angiography.
Currently, there are approximately 1000 CR facilities in
Japan; most of them are acute-care hospitals, and there
are a few community-based facilities.

The CR programme usually starts within several days
after admission and consists of a progressive exercise
programme with an appropriate medical evaluation,
aimed to help regain the ability of daily activities (Phase
I programme). In about a week, it shifts continuously
to the in-hospital Phase II programme, which is gener-
ally implemented on weekday during hospitalisation.
In the programme, conducting risk assessment and
exercise prescription based on the anaerobic threshold
level or at 40%-60% of the heart rate reserve is recom-
mended. The exercise intensity is recommended to be
determined based on a submaximal cardiopulmonary
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exercise test performed 4-7 days after the onset. In
addition to the exercise therapy, the programme also
includes patient education and counselling. Along with
the shortened hospitalisation, it is difficult to complete
the CR programme during hospitalisation. Therefore, it
is recommended that patients continuously participate
in the outpatient CR programme after discharge.” We
defined patients as in-hospital CR participants when they
participated in the inpatient exercise-based CR program
=1 session within 30 days from admission. The participa-
tion status was ascertained using record of procedures in
the DPC data. For in-hospital CR participants, we evalu-
ated the number of days from admission to start of CR
and the total number of sessions they have attended.
We also evaluated the participation status of subsequent
outpatient CR.

Outcome

The primary outcomes were time to revascularisation,
all-cause readmission and cardiac readmission. Revas-
cularisation was defined as a new PCI after the primary
PCI was performed based on the clinical need. All-cause
readmission was defined as a readmission after the index
admission regardless of the main diagnosis. Cardiac read-
mission was defined as a readmission for cardiac disease,
which was ascertained using codes 111, 113 and 120-152
of the ICD-10 after the index admission. Scheduled read-
missions within 4 weeks after discharge were not covered
(1.0% of CR participants and 3.4% of non-participants),
because they could be a series of treatment from the
primary PCI rather than a new onset of event. Moreover,
readmissions for examination, including coronary angi-
ography, and for education were not covered (29.1% of
CR participants and 23.1% of non-participants).

We also evaluated all-cause mortality and cardiac
mortality as secondary outcomes. We defined all-cause
death as death occurring in the hospital during readmis-
sion regardless of the main diagnosis, and cardiac death
as death occurring in the hospital during readmission
with cardiac disease as the main diagnosis.

Other variables

Clinical characteristics at admission were available from
the inpatient records. Main diagnosis and comorbidities
were evaluated with reference to the items corresponding
to each disease name in DPC data. We evaluated the
history of AMI, PCI and coronary artery bypass grafting
(CABG) within 1 year before the index admission using
the inpatient records generated during the concerned
period. Moreover, we evaluated the in-hospital and outpa-
tient CR participation rates among patients with AMI who
underwent PCI and the annual number of inpatients with
AMI for each hospital as hospital factors.

Statistical analysis

The extracted patients were divided into two groups based
on in-hospital CR participation. Differences in patients’
characteristics between the two groups were compared

using %* tests for binary variables, Wilcoxon’s rank sum
test for categorical variables and t-test for continuous
variables.

To assess the association between participation in the
in-hospital CR and study outcome variables, propensity
score (PS) based matched-pair analysis was performed to
produce a comparability between in-hospital CR partic-
ipants and non-participants. We performed logistic
regression analysis to create PS for the in-hospital CR
participants. This model included the following variables:
age, sex, body mass index (BMI), history of smoking,
history of AMI, PCI, CABG (within 1 year before the
admission), comorbidities (hypertension, dyslipidaemia,
diabetes mellitus, heart failure, renal failure, cerebro-
vascular disease, peripheral artery disease and chronic
obstructive pulmonary disease), Killip classification,
length of hospital stay, medication (catecholamine,
diuretic, aspirin, clopidogrel, B-blocker, statin and angio-
tensin converting enzyme (ACE) inhibitor/angiotensin
receptor blocker (ARB)) and the annual number of inpa-
tients with AML? Then, PS for each patient for the prob-
ability of participation in the in-hospital CR was used to
match participants and non-participants by using a one-
to-one nearest neighbour matching with a calliper of 0.1.
For this matched pair, we estimated the incidence rates
and performed a survival analysis using the Kaplan-Meier
method and log-rank test for each outcome.

To confirm the robustness of the result with the above-
mentioned primary analysis, we performed an addi-
tional analysis. We applied Cox frailty model to calculate
adjusted HRs by taking the effect of facilities into account
as a random effect, and used all variables used for PS
calculation in the models. We adopted the landmark anal-
ysis to increase comparability.”” We considered the 30-day
mark as day 0, and classified patients according to the CR
participation status at 30 days after hospitalisation.

As sensitivity analysis, we performed a competing risk
analysis for revascularisation, cardiac readmission and
cardiac death, taking into account all-cause death as a
competing risk. In addition, to assess the impact of severity
on the association between in-hospital CR and primary
outcomes, we estimated the HR by severity, which were as
follows: severe group (Killip classification: 22) and mild
group (Killip classification: 1). HR was also calculated by
using the Cox proportional hazard model with all vari-
ables used in the model of our primary analysis to clarify
the result consistency. Lastly, the dose-response relation-
ship between in-hospital CR and primary outcomes was
evaluated. First, to determine the optimal cut-off number
of sessions, a receiver operating characteristic curve was
drawn for each three main outcomes. Next, the cut-off
point was determined using the Youden’s index. Based on
the cut-off session number, the CR group was divided into
the following two groups: a low-frequency group and a
high-frequency group. Then, we performed Cox propor-
tional hazard model with all variables mentioned above
and estimated the adjusted HRs of both groups.
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DPC database
(2012.4 - 2014.3)

Inclusion criteria

* Inpatients with AMI as main diagnosis

* Undergoing PCl during the hospitalization
* Aged 218 years

* Survived to discharge

Potential candidates
(n=21,573)

Exclusion criteria

* Hospitalization >60 days (n=447)

* Participants of other rehabilitation program (n=1,150)

* Transferred to other facilities or never received
outpatient care in the hospital (n=5,008)

* Missing BMI or Killip classification (n=1,271)

v

Final study population; 13,697 patients
from 259 hospitals

! }

Non-participants
(n=4,742)

CR participants
(n=8,955)

Figure 1 Flow diagram of the extraction process of the
study population. AMI, acute myocardial infarction; BMI,
body mass index; CR, cardiac rehabilitation; DPC, Diagnosis
Procedure Combination; PCI, percutaneous coronary
intervention.

In this study, R V.3.5.0 was used to calculate PS and to
perform the matched-pair analysis, and Stata V.14 soft-
ware (Stata Corp LLC, College Station, Texas, USA) was
used for all other analyses. A p value of 0.05 was consid-
ered significant in all analyses.

Patient and public involvement

Patients and the public were not directly involved in this
study. The subjects of this study were identified from the
DPC database, and the anonymised patient records in the
database were used for the study.

RESULTS

Patient characteristics and in-hospital CR participation

A total of 21573 patients were extracted as potential
candidates who underwent PCI due to AMI between 1
April 2012 and 31 March 2014. Applying the exclusion
criteria, 13697 patients were eventually included in this
study (figure 1). In-hospital CR participants accounted for
65.4% of the total subjects; of these, 7.6% (n=681) were
post-discharge outpatient CR participants. Table 1 lists the
main characteristics of the overall cohort and matched
pair at baseline (all characteristics are shown in online
supplemental table S1). In-hospital CR participants stayed

3

longer in hospitals and were more likely to be treated with
intra-aortic balloon pumping (IABP), catecholamine and
diuretic than non-participants. The participants received
more prescriptions for aspirin, clopidogrel, B-blocker,
statin and ACE inhibitor/ARB at discharge than non-
participants. This suggests that the in-hospital CR partic-
ipants were more likely to have severe cardiac conditions
and receive evidence-based pharmacotherapy than non-
participants. The length of hospital stay, about 2 weeks,
was much longer than recommended by European guide-
lines,” which may represent a unique situation in Japan.
The implementation status of CR programme is shown
in table 2. Although there were large variations in time,
in-hospital CR participants have undergone an average of
34min of each session throughout their hospitalisation.

Association between in-hospital CR and outcomes
Revascularisation was noted in 2143 patients (median
follow-up period: 324 days). All-cause readmission was noted
in 5151 patients (median follow-up period: 236 days); of these,
3730 were cardiac readmissions (median follow-up period:
263 days). The l-year follow-up rates of these outcomes were
59.8%, 65.6% and 63.6%), respectively.

After PS matching between in-hospital CR participants
and non-participants, 2441 pairs were generated. Distribu-
tion of each variable is listed in table 1, which was successfully
balanced. Matched-pair analysis showed that the incidence
rates of revascularisation, all-cause readmission and cardiac
readmission were significantly lower in the in-hospital CR
participants than in the non-participants (figure 2 and
table 3). The relative risks were 0.80, 0.85 and 0.81, respec-
tively. Conversely, there was no difference in the incidence
rates of all-cause mortality and cardiac mortality between the
two groups (median follow-up period: both were 460 days).
The power of matched-pair analysis was maintained above
0.9. The landmark analysis was performed on 12768 patients,
and results are shown in figure 3. In the analysis, adjusted
HR of revascularisation, all-cause readmission and cardiac
readmission was significantly lower in the in-hospital CR
participants than in the non-participants, which was slightly
higher but consistent with the results of matched-pair anal-
ysis. Similar to the matched-pair analysis, there was no differ-
ence in all-cause mortality and cardiac mortality between the
groups.

Sensitivity analysis
As a sensitivity analysis, we performed a competing risk
analysis for revascularisation, cardiac readmission and
cardiac death. The results were similar to the main results
(see online supplemental table S2). Moreover, we esti-
mated the adjusted HR by severity: 10811 patients and
1957 patients were categorised in the mild and severe
groups, respectively (figure 3). The risks of revascu-
larisation and readmission after PCI were consistently
lower in the in-hospital CR participants than in the non-
participants in any severity group.

There was a tendency of a dose-response relationship
between in-hospital CR and main outcomes. We calculated

4
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w
Table 1 Baseline characteristics of overall cohort and matched-pair group é
Overall cohort Matched-pair group }3

Non-CR In-hospital CR Non-CR In-hospital CR -

Variables (n=4742) (n=8955) P value (n=2441) (n=2441) P value Q
Age (years), mean+SD 66.2+11.9 66.2+12.4 0.69 66.0+12.2 66.4+12.1 0.19 ?,
Male 79.8% 79.6% 0.73 78.3% 78.2% 0.89 g
BMI (kg/m?), 24.1+3.6 24.1+3.7 0.61 24.1+3.7 24.0+3.7 0.25 3
mean+SD - e
Smoking 58.7% 58.3% 0.64 58.3% 58.0% 0.79 S 5
Comorbid conditions & E
Hypertension 72.5% 72.2% 0.67 73.0% 72.2% 0.50 g g
Dyslipidaemia 67.6% 67.8% 0.83 69.2% 67.9% 0.32 f, %-
Diabetes mellitus 33.7% 32.2% 020  32.0% 30.6% 032 3 3
Heart failure 26.3% 29.7% <0.001 28.1% 29.6% 0.27 a '8
Cerebrovascular disease 3.3% 3.8% 0.13 3.3% 3.2% 0.81 % .B
Peripheral artery disease 5.1% 3.3% <0.001 4.3% 4.1% 0.77 a §
Killip class s 2
| 54.2% 51.5% 0.001  55.9% 54.0% 0.49 ‘% S

Il 31.0% 33.0% 31.2% 32.3% SR

i 8.5% 8.0% 8.7% 7.7% % g
\Y 6.3% 7.5% 6.4% 6.0% 3 rng
Length of hospital stay (days), median 13 (9-17) 15 (12-20) <0.001 13 (10-18) 14 (10-18) <0.001 % Y
(IQR) 230
IABP 6.2% 13.6% <0.001 9.4% 9.5% 0.73 %ég
PCPS 0.0% 0.3% 0.01 0.0% 0.2% 0.10 28 =
Dialysis 1.1% 1.2% 078  1.3% 1.5% 046 323
Catecholamine 21.9% 36.8% <0.001  33.0% 33.3% 0.54 g §- g
Diuretic 25.2% 43.5% <0.001  37.7% 37.6% 0.57 g ._§
Medication at discharge s 3
Aspirin 66.6% 95.9% <0.001  91.5% 90.0% 0.06 8 i
Clopidogrel 64.5% 91.9% <0.001 87.7% 86.7% 0.30 ; g
B-blocker 37.1% 59.3% <0.001 52.4% 51.9% 0.71 %_ §
Statin 55.4% 81.5% <0.001 76.2% 75.7% 0.66 é S
ACE-I/ARB 49.1% 75.7% <0.001  69.0% 67.5% 0.24 ‘g -r?r;
ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CR, cardiac rehabilitation; IABP, 8 g
intra-aortic balloon pumping; PCPS, percutaneous cardiopulmonary support; SD, standard deviation. 5 ;
B 3

an optimal cutoff point of eight sessions, and divided the g §

; in-hospital CR participants into the low-frequency group s >

Table 2 Implementation status of CR programmes (n=3951) and high-frequency group (n=5004) based on the % -E—;_‘
_ In-hospital CR  Outpatient CR number of sessions participated. Then, the risks for revascu- %- »
Implementation status (n=8955) (n=681) larisation and all-cause readmission tended to be lower in ¥ B
Time to first participation 3 (2-6) - the high-frequency group than in the low-frequency group N
(days), median (IQR) (table 4). On the other hand, the risk for cardiac readmission ©
The number of sessions, 7 (5-10) 6 (8-12) was not different between the two groups. g
median (IQR) S
;?;ergm?n Zf(;titr?)r,]?:;% . 240 (160-400) 380 (260-580) DISCUSSIONS o | %
(IQR) The study results showed that participation in the =]
in-hospital CR programme was associated with 20% )

CR, cardiac rehabilitation; ;IQR, interquartile range. of risk reduction of revascularisation, 15% of all-cause ran
5

Kanazawa N, et al. BMJ Open 2020;10:€039096. doi:10.1136/bmjopen-2020-039096 5


http://bmjopen.bmj.com/

Open access

A B C
e 4 <S4 S 4
— - -
& s
& 0 2 x & o]
2§ gw o g2 0
= EE o &5
> | > o |
g83 $8 S g5 S
€ € o c ®©
(= < _| g« - 9.’ L«
Eo 3 ] = E |
S @ 3 @ 500
g 25 o 0
$ E N — R Log-rank test: 9'_’ T B CR- Log-rank test: gg N — CR- Log-rank test:
2| — pvalie=0.002 2% © | T R*  praliecooor  $ § S| — R p-value<0.001
° o] S o s o
© T T T T T T 1 e T T T T T T 1 L T T T T T 1
0 200 600 1000 1400 0 200 600 1000 1400 0 200 600 1000 1400
Time (days) Time (days) Time (days)
No. at Risk No. at Risk No. at Risk
Non-CR 2441 1590 838 396 16 Non-CR 2441 1361 550 237 12 Non-CR 2441 1464 671 303 13
CR 2441 1663 858 316 16 CR 2441 1441 613 217 9 CR 2441 1552 726 261 14
D E
& e
z - —\t.? ) N
o =
5
[ )
@ O T
g E o E
g v ge
8o £ E
= a - 0
o n = N 4
T 35 o
Is*e 82 CR Log-rank test:
o® — CR- s . T - CR- o ]
Zc o Log;rankitsst: ‘c'; 9 — CR+ -value = 0.86
B — CR+ p-value = 0.10 25 E .
T | T R g ! i J . y '
0 200 600 1000 1400 L 200 800 2000 4400
Time (days)
Time (days)
No. at Risk No. at Risk
Non-CR 2441 1746 1034 484 23 Non-CR 2441 1746 1034 484 23
CR 2441 1767 1030 381 23 CR 2441 1767 1030 381 23

Figure 2 Kaplan-Meier curves and results of the log-rank test

among the matched-pair groups. Each figure indicates the result

of the outcomes such as (A) revascularisation, (B) all-cause readmission, (C) cardiac readmission, (D) all-cause mortality and (E)

cardiac mortality. CR, cardiac rehabilitatiion.

readmission and 19% of cardiac readmission. Multiple
analytic methods were used to confirm the robustness of
these associations. These risk reductions were significant
in terms of reduction of medical expenses and relief of
patient burden. Given that the safety of the in-hospital
CR programme has already been shown,24 the present
study emphasised the potential benefit of the programme
as secondary preventive care. However, all-cause mortality
and cardiac mortality were not associated with the in-hos-
pital CR participation.

Regarding the risk reduction of readmission, our results
were consistent with those of conventional outpatient
CR,5625 suggesting that the effect of CR on readmission may
be consistent regardless of when the programme is deliv-
ered. In contrast, the risk reduction of revascularisation
was limited to in-hospital CR, because it was not observed
in outpatient CR.*® " This indicated that there might be

an additional benefit of early in-hospital CR. An in-hos-
pital CR programme with exercise training enhanced the
patient’s exercise capacity after AMI,26 and improved the
heart rate variability in patients with CAD after CABG.”
In addition, participation in the inpatient exercise-based
CR programme was related to increased physical activity
at l-year follow-up in elderly patients.28 Moreover, a study
conducted in Germany reported the long-term salutary
effects of in-hospital CR, such as significant reductions in
systolic and diastolic blood pressure, better adherence to
drug intake and fewer risk factors. " The study also showed
a strong tendency towards fewer recurrent cardiac events
in the in-hospital CR group.17 Therefore, in-hospital CR
programme with exercise training in early phases, even
for a very short period, may improve physical and cardiac
function, promote behavioural changes and control risk
factors, thereby resulting in long-term favourable effects.

Table 3 Incidence rates of outcomes among matched pairs
Non-CR (n=2441) In-hospital CR (n=2441)
Events Incidence per Events Incidence per

Outcomes (n) 1000 person-day 95% ClI (n) 1000 person-day 95% CI
Revascularisation 348 0.30 0.27 t0 0.33 283 0.24 0.22 to 0.27
All-cause readmission 891 1.00 0.93 to 1.06 804 0.85 0.79 to 0.91
Cardiac readmission 652 0.65 0.60to 0.70 549 0.52 0.48 to 0.57
All-cause death 43 0.03 0.02 to 0.04 59 0.04 0.03 to 0.06
Cardiac death 11 0.01 <0.01 to 0.01 12 0.01 0.01 to 0.02

CR, cardiac rehabilitation.;
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Outcomes Subgroup HR 95%Cl
Revascularization Overall - 0.74 (0.65-0.84)
Mild group o 0.73 (0.61-0.87)
Severe group * 0.76 (0.63-0.91)
All-cause
readmission Overall - 0.81 (0.75-0.89)
Mild group —— 0.75 (0.66-0.84)
Severe group —o— 0.87 (0.77-0.98)
Cardiac readmission Overall - 0.77 (0.70-0.86)
Mild group —— 0.70 (0.61-0.81)
Severe group —— 0.82 (0.71-0.95)
All-cause death —1— 1.27 (0.89-1.80)
Cardiac death L 1.16 (0.55-2.46)
030 10 3.00

Figure 3 Adjusted HR and 95% CI for participants of the in-hospital cardiac rehabilitation after percutaneous coronary
intervention due to acute myocardial infarction. The Cox proportional hazard models were performed excluding patients who
experienced some events within 30 days after discharge or who were followed up <30days (landmark analysis). For the primary
outcomes, three HRs are shown: overall (indicated by B) represents adjusted HR among all analysis objects; mild group
(indicated by #) represents adjusted HR for the mild group (Killip classification: 1) and severe group (indicated by @) represents

adjusted HR for the severe group (Killip classifications: >2).

To evaluate the dose-response relationship, a strat-
ified analysis based on the participated session number
was performed. The group with 2eight sessions tended
to have greater risk reductions for revascularisation and
all-cause readmissions than that with fewer sessions. This
finding indicates that more intensive interventions might
be associated with a greater impact on clinical prognosis.
However, even the low-frequency CR group was associ-
ated with favourable clinical outcomes. In particular, the
risk of cardiac readmission did not differ by frequency. It
is unclear whether these results were due to the in-hos-
pital CR programme itself or the combined impact of the
in-hospital CR and subsequent improvements of lifestyle
or adherence to the secondary preventive care, which was
promoted by the in-hospital CR programme. Since we did
not evaluate the exercise status, drug intake and diet after

discharge, a further study is needed to clarify the under-
lying mechanisms.

In the matched-pair analysis, the Kaplan-Meier survival
curves of revascularisation and readmissions were similar
in the timing of divergence, suggesting that the majority
of the events might be related to planned follow-up coro-
nary angiography. Actually, the median number of days
to the planned hospitalisation with coronary angiog-
raphy was 232, which coincided with the time of diver-
gence. Although these events were soft endpoints, which
partly depend on the preference of both physicians and
patients, the fact that there were at least some symptom-
atic or progressing stenosis requiring treatment should
be acknowledged, and the prevention of these progres-
sive conditions is clinically important as a goal of in-hos-
pital CR.

Table 4 The relationship between participation frequency of i

n-hospital CR and risk reduction

Low-frequency CR group

High-frequency CR group

(n=3951) (n=5004)
Outcomes HR 95% CI HR 95% ClI
Revascularisation 0.80 (0.71 t0 0.91) 0.74 (0.64 to 0.85)
All-cause readmission 0.84 (0.77 to 0.90) 0.76 (0.70 to 0.83)
Cardiac readmission 0.74 (0.67 to 0.81) 0.76 (0.69 to 0.84)

The low-frequency group comprised of patients who participated in
included patients who participated in the CR programme for >eight
CR, cardiac rehabilitation.

the CR programme for <eight sessions. The high-frequency group
sessions.
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As secondary outcome, all-cause mortality and cardiac
mortality were evaluated. The associations between partic-
ipation in the in-hospital CR programmes and those
outcomes were not observed in this study, which was not
comparable with previous studies.'” * *** One possible
reason for this different finding may be the inadequate
implementation. It is known that there is a dose-response
relationship between the number of sessions and magni-
tude of the effect of CR on mortality.”’*' Due to the small
number of sessions in this study, reduction in mortality
rates might not be observed in the participants. Rather,
all-cause mortality tended to be higher in the CR group.
Martin et al reported that the mortality in patients who
did not complete 12-week CR programme and attended
an average of 6.7 sessions tended to be slightly higher
than that in non-CR attendees (HR: 1.08).!*> The number
of sessions and the tendency of the result were similar
to those reported in our study. Since it is still unclear
whether the small session number is related to increase in
mortality, more precise investigation is needed.

In the process of patient selection, we excluded in-hos-
pital death to investigate post-discharge event occurrence,
which might cause immortality bias. We also excluded
patients who were hospitalised for more than 60days,
initiated in-hospital CR at 30days or more after admis-
sion, or never received outpatient care at the hospital.
The comparison of patient characteristics between the
overall cohort and the excluded patients is given in online
supplemental table S3. The excluded patients were older,
more likely to be men, with Killip classification >2, had
longer hospitalisation, had renal disease and less likely
to be prescribed medication at discharge. Whereas, the
study population was more likely to have smoking history,
comorbidities of hypertension and dyslipidaemia and use
of catecholamine, diuretic and IABP. Which population
had poorer prognosis was not clear, but if patients with
more severe condition were selectively excluded, the
results may be biassed towards better outcomes.

These findings suggested that early in-hospital CR is
useful to reduce the risk of revascularisations and read-
missions by initiating secondary preventive care early.
However, the association with mortality was not observed.
Therefore, in-hospital CR should not be considered an
alternative model, but rather an additional model to the
standard outpatient CR, which is well experienced and
effective. Our results suggest that the early in-hospital CR
model may expand the benefits of CR in combination
with outpatient CR.

Strengths and limitations

A nationwide large-scale investigation is one of the
strengths of this study. The DPC database includes
a large number of inpatients in acute-care hospitals
in Japan; thus, this study represents Japanese clinical
settings of AMI well. Additionally, we reported the asso-
ciation of clinical prognosis and early in-hospital CR
programme that has not been investigated widely. Japan
is one of the few clinical sites where it is common to start

CR early in the hospitalisation process. The fact that the
relationship between early CR and clinical outcomes
was reported using Japanese large-scale data set is an
important strength of this study. Moreover, our use of
multiple analytical methods, PS matching and land-
mark analysis yielded consistent results, indicating their
robustness.

There are several limitations to our study. First, the
DPC data did not include detailed clinical data, such as
ejection fraction, exercise capacity, vital sign, functional
status, frailty or social risk factors, which are important
prognostic factors. Although we evaluated the procedures,
medications and all other available variables to adjust
patient deviation, we could not adjust for imbalance in
unmeasured confounders. Next, due to the facility-based
nature of the DPC data, it was not possible to identify
events that occurred outside of the hospital. Therefore,
the incidence rate of each outcome may have been under-
estimated. In addition, if the occurrence of events outside
the hospital is biased toward either group, the estimation
of results may also be biased. To control for this bias, we
limited the cohort to regularly visiting patients; however,
the impact may not have been excluded completely.
Furthermore, this process might have limited the cohort
to patients with relatively good adherence and good prog-
nosis. Also, we could not evaluate the outpatient CR partic-
ipation status outside of the hospital. Although both CR
group and non-CR group could include outpatient CR
participants at other facilities, if CR group included such
patients more, the result may not reflect the association
with in-hospital CR itself, but in-hospital CR combined
with outpatient CR. However, since the participation rate
of outpatient CR programme was not high in Japan,™ **
we believe it is unlikely to have a significant impact on the
overall results. Lastly, although our findings suggested the
effect of early CR programme implemented in the in-hos-
pital settings, it could not be extrapolated for outpatient
setting. In addition, the results may only be applicable if
the environment, including insurance coverage and inpa-
tient care, is similar to that in Japan.

CONCLUSIONS

In this study, we revealed the association between early
in-hospital CR and clinical outcomes among patients with
AMI after PCI. The primary analysis with several sensi-
tivity analyses yielded consistent results, showing that
in-hospital CR participation was related to significant risk
reduction of revascularisation, all-cause readmission and
cardiac readmission among patients with AMI. Given that
prevention of these events leads to reduction of patient
burden and medical expenses, early in-hospital CR model
may be useful model to expand the potential benefits
of CR in addition to outpatient CR. Hence, similar to
preventive drug therapy, in-hospital CR should be inte-
grated in the general therapeutic management of AMI
during hospitalisation.
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