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Abstract

Background: Phase 2 in-patient cardiac rehabilitation (CR) at a re-
habilitation hospital is now added the medical service fees in Japan
and in light of the recent reimbursement for CR, a study needed to be
performed to determine exertional exercise on its effectiveness and
benefits to patients. We examined the effects of daily aerobic exercise
duration on health-related quality of life (HR-QoL) at 6 months after
discharge from phase 2 CR.

Methods: Of the 54 consecutive cardiovascular disease patients ad-
mitted to a rehabilitation hospital after acute care, 43 were considered
acceptable candidates for enrollment according to predetermined in-
clusion and exclusion criteria. Of these, 40 patients completed study
requirements, including return of a questionnaire on HR-QoL survey
6 months after discharge. The primary outcome was HR-QoL as eval-
uated using the EuroQol five-dimension five-level (EQ-5D-5L). Two
multiple regression models were constructed to assess the influences
of daily aerobic exercise duration (content of rehabilitation) and other
clinicodemographic variables assessed during acute care (model 1)
or at transfer from acute care to a rehabilitation hospital (model 2).

Results: Both model 1, which included age, Barthel index of daily
function before hospitalization, and daily aerobic exercise duration
in the rehabilitation hospital (R> = 0.553, P < 0.001), and model 2,
which included New York Heart Association functional classification
at transfer, Charlson comorbidity index at transfer, and daily aerobic
exercise duration (R = 0.336, P = 0.002) identified aerobic exercise
duration as a significant independent factor influencing HR-QoL at

Manuscript submitted June 15, 2023, accepted July 28, 2023
Published online August 22, 2023

aDepartment of Rehabilitation, Nishi Memorial Port-island Rehabilitation
Hospital, Kobe 650-0046, Japan

PFaculty of Rehabilitation, Kobe Gakuin University Graduate School, Kobe
651-2180, Japan

“Department of Cardiology, Nishi Memorial Port-island Rehabilitation Hospi-
tal, Kobe 650-0046, Japan

dCorresponding Author: Yosuke Morimoto, Faculty of Rehabilitation, Kobe
Gakuin University Graduate School, Kobe 651-2180, Japan.

Email: morimoto@reha.kobegakuin.ac.jp

doi: https://doi.org/10.14740/cr1527

6 months post-discharge (model 1: P=0.041; model 2: P=0.010).

Conclusions: Enhanced daily aerobic exercise content during phase
2 in-hospital CR can significantly improve longer-term HR-QoL
among cardiovascular disease patients independently of other clinic-
odemographic factors, including age, activities of daily living before
treatment, and baseline condition at rehabilitation onset. These find-
ings, that in the small sample size, support the continued expansion of
phase 2 CR at a rehabilitation hospital in Japan.

Keywords: Aerobic exercise; Health-related quality of life; Phase 2
cardiac rehabilitation; Rehabilitation hospital

Introduction

The primary goals of rehabilitation following significant car-
diac events (cardiac rehabilitation, CR) are prevention of re-
currence or rehospitalization and restoration of physical func-
tion, and treatment strategies have been proposed in Japan to
achieve these outcomes at different CR phases [1]. However,
with rapid population aging in Japan and major advances in
cardiovascular disease treatment, a growing number of patients
entering phase 1 CR are highly deconditioned, have multiple
comorbidities, and (or) demonstrate impaired activities of dai-
ly living (ADLSs) [2]. These patients have difficulty recovering
ADLs and other physical functions and exhibit low exercise
tolerance during brief phase 1 CR. Cardiovascular diseases
were recent added as one of the requirements for calculating
the convalescent rehabilitation coverage in the FY 2022 Revi-
sion of Medical Fees. To improve rehabilitation outcome, a
phase 2 CR program at a rehabilitation hospital has been added
to the medical service fees that includes comprehensive physi-
cal, occupational, and speech therapy for up to 3 h per day dur-
ing a maximum 90-day stay. The main objectives of this phase
2 CR are to achieve home discharge by phase 2 CR as well as
to improve health-related quality of life (HR-QoL) after home
discharge, as poor HR-QoL is associated with an increased risk
of all-cause death and combined cardiac death/rehospitaliza-
tion for heart failure [3]. Although many reports have shown
that CR is effective in improving HR-QoL [4], there have been
no studies focused specifically on components of the Japanese
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phase 2 CR delivered in rehabilitation hospitals.

The guidelines of the Japanese Circulation Society [5]
recommend moderate-intensity endurance training during
CR given the high-level evidence for therapeutic efficacy, but
again there are few reports directly assessing the effectiveness
of this CR component in rehabilitation hospitals [6]. Two criti-
cal parameters influencing the therapeutic efficacy of aerobic
exercise are the intensity and duration (which can be carefully
monitored in rehabilitation hospitals). HR-QoL is influenced
by numerous factors in addition to the amount of aerobic exer-
cise performed in the rehabilitation hospital, including general
health condition before and during hospitalization. Therefore,
the purpose of this study was to examine the effects of aerobic
exercise duration on HR-QoL after discharge from in-patient
phase 2 CR while considering other clinicodemographic fac-
tors before and during hospitalization in the outcome model
analysis.

Materials and Methods

Study design and study population

This prospective cohort study was conducted from Novem-
ber 2020 to May 2022. The participants were patients who
received conservative or surgical treatment for cardiovascu-
lar diseases at an acute care hospital and were subsequently
transferred to Nishi Memorial Port-island Rehabilitation
Hospital for phase 2 CR. Patients were excluded if they were
younger than 18 years, had limited walking ability due to
cerebrovascular diseases, severe disturbance of conscious-
ness, tetraplegia or paraplegia, spinal cord infarction, critical
limb ischemia, or absence of a lower extremity, or if they
refused to participate. In addition, patients were excluded if
they died during hospitalization, were unable to continue in-
patient treatment, were transferred to an acute care hospital,
or prevented assessment. This study was approved by the
ethics committee of Nishi Memorial Port-island Rehabilita-
tion Hospital (Approval No: 13) and Kobe Gakuin Univer-
sity (Approval No: 22-01), and written informed consent was
obtained from each patient. The present study also complied
with the principles of the Declaration of Helsinki regarding
investigations on human subjects.

Data before hospitalization and upon transfer to the reha-
bilitation hospital

The information prior to admission to an acute care hospital,
as the presence of caregivers, Barthel index (BI) as an indi-
cator for ADL [7], and Kihon checklist as an assessment of
frailty were collected [8]. Clinical and demographic informa-
tion collected on transfer to the rehabilitation hospital were as
follows: age, gender, body mass index, reason for CR (heart
failure, ischemic heart disease (angina pectoris, acute coro-
nary syndrome), cardiovascular surgery (coronary artery by-
pass grafting, valvular surgery, or both), aortic surgery (aortic
vascular replacement, stent grafting, or both), combined car-
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diovascular and aortic surgery), New York Heart Association
functional classification (NYHA class), Charlson comorbid-
ity index (CCI), left ventricular ejection fraction (LVEF) as
determined by Simpson’ method, left atrial dimension, early
diastolic transmitral flow velocity to early diastolic mitral an-
nular tissue velocity ratio (E/e”), biochemical test data (serum
hemoglobin, albumin, C-reactive protein, and B-type natriu-
retic peptide), estimated glomerular filtration rate, and length
of stay in the acute care hospital. The length of stay in the
rehabilitation hospital and aerobic exercise duration per day
were also recorded.

Assessments during in-patient rehabilitation

ADLs were assessed at the time of transfer to the rehabilitation
hospital and at discharge by a trained physical therapist and
an occupational therapist using the functional independence
measure (FIM) [9]. The FIM is an 18-item scale that assesses
the degree of independence or assistance needed by a person
to perform various motor tasks (13 items) and cognitive tasks
(five items) in daily living. Each item was scored on a seven-
point Likert scale from complete dependence on assistance
(1) to complete independence (7). Thus, lower scores indicate
poorer ADL.

To evaluate physical function, we measured handgrip
strength, knee extension strength, gait speed, and short physical
performance battery (SPPB) performance at admission and dis-
charge from the rehabilitation hospital. Hand grip strength was
measured twice using a digital handgrip meter (T-2177, TOEI
LIGHT Co., Ltd) and the higher value recorded for analysis.
Knee extension strength was measured using a hand-held dy-
namometer (uTas F-1, Anima Co., Ltd). Briefly, measurements
of isometric knee extension strength were performed at 90° of
knee flexion in a sitting posture, and two measurements were
conducted after the orientation and one practice exercise. The
higher value was then divided by body weight (BW) as the cor-
rection value (%BW). Gait speed was assessed as a comfortable
walking speed of over 10 m and was converted to m/s. The SPPB
was administered as described by Guralnik et al [10]. Briefly,
we calculated the overall score for balance ability, 4-m walk-
ing time, and 5-repetition sit-to-stand time. To evaluate exercise
tolerance, we administered the 6-minute walk test (6MWT) at
transfer and discharge. The 6MWT was performed in a 20-m
straight line with no steps or obstacles, and the maximum dis-
tance walked in 6 min was recorded in accord with the standards
of the America Thoracic Society [11]. Patients received a full
explanation of all tasks prior to testing.

Cognitive function was assessed using the Japanese ver-
sion of the mini-mental state examination (MMSE) [12]. The
MMSE scale ranges from 0 to 30 points, with higher scores
indicating better cognitive function.

Data collection after discharge from a rehabilitation
hospital

At 6 months after discharge from the rehabilitation hospital,
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a letter was sent to the patients to confirm survival, hospital
readmission status, and HR-QoL. We measured HR-QoL using
the EuroQol five-dimension five-level (EQ-5D-5L) instrument
and the EQ-5D-5L index value calculator version 2.0 [13]. The
EQ-5D-5L was developed as a general instrument (not specific
to any single disease) to complement existing HR-QoL meas-
ures [14]. The items provide information on five domains: mo-
bility, self-care, usual activities, pain/discomfort, and anxiety/
depression. Each item is answered using a five-point categori-
cal rating scale ranging from “no problems at all” to “extreme
problems (unable to do)”, and recoded from 0 (dead) to 1 (full
health). A Japanese version of the EQ-5D-5L developed by
Tsuchiya and colleagues was used in the present study [15].

CR

The CR program was created based on the guidelines of the
Japanese Circulation Society [5]. Exercise programs in CR fo-
cus on aerobic exercise, resistance training, and stretching [16].
The “quantity” of acrobic exercise is a composite of frequency,
intensity, time, type, volume, and progression/revision (FITT-
VP) [16]. Although cardiopulmonary exercise testing based on
anaerobic thresholds is recommended for determining exercise
intensity [16], this is often not feasible for patients transferred
to a rehabilitation hospital due to significant decline in ADL,
stroke, or coexisting musculoskeletal disease. Therefore, we
mainly used the Borg scale [17] for rating perceived exertion
and the talk test for monitoring relative intensity [18]. The in-
tensity and duration of exercise were increased or decreased
in response to changes in the patient’s medical condition. The
total aerobic exercise duration was obtained from medical re-
cords and divided by the length of hospital stay to calculate
average aerobic exercise duration per day. Individualized re-
habilitation programs such as ADL and balance training were
also provided every day for up to 3 h per day according to the
patient’s condition. In addition, patient education, which is an
essential component of CR to improve HR-QoL [19, 20], was
provided generously to all patients during their hospitalization.
Finally, speech therapy was performed if deemed necessary by
the attending physician.

Statistical analysis

Clinicodemographic parameters following CR were compared
to pre-intervention baseline values using the paired-sample #-
test or Wilcoxon signed-rank test as appropriate. Two multiple
regression models were constructed to identify variables as-
sociated with HR-QoL 6 months after discharge, one includ-
ing daily aerobic exercise duration plus preadmission vari-
ables (model 1) and the other including daily aerobic exercise
duration plus variables measured at transfer to the rehabilita-
tion hospital (model 2). Candidate factors for multiple linear
regression were selected according to a literature review and
clinical expertise. The sample size was based on the number
of factors suitable for multivariate analysis, as reported by Pe-
ter et al [21]. All analyses were performed using the Statisti-
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cal Package for the Social Sciences version 25.0 (IBM Corp.,
Armonk, NY, USA). A P < 0.05 was considered statistically
significant for all tests.

Results
Patient demographics

A total of 54 patients transferred to a rehabilitation hospital
after acute care for cardiovascular diseases were identified as
potential candidates for this study, of which 40 meeting inclu-
sion and exclusion criteria and completing the EQ-5D-5L at
6 months after discharge were included in the analysis. The
flowchart of participants throughout the study is illustrated in
Figure 1, and patient baseline characteristics are summarized
in Table 1. The FIM, SPPB, gait speed test, hand grip strength
test, knee extensor strength test, MMSE, and 6MWT were ad-
ministered on admission and at discharge, and all were signifi-
cantly improved following the phase 2 rehabilitation program
(Table 2).

Rehabilitation dose

Mean daily aerobic exercise duration was 19.2 + 19.0 min/day,
total average daily in-patient rehabilitation time was 131.2 +
17.1 min, and the mean length of hospitalization was 57.4 +
28.0 days (Table 1).

HR-QoL at 6 months post-discharge

One patient died during the study period, and three required
readmissions to an acute care hospital due to cardiovascular
diseases. The EQ-5D-5L score 6 months after discharge was
0.696 + 0.235. The results of multiple regression analysis for
the EQ-5D-5L 6 months after discharge are shown in Table 3.
Variables were selected by the forced entry method, and mul-
tivariate analysis was performed using two models. Model 1
included age, BI before hospitalization, and mean daily aero-
bic exercise duration in the rehabilitation hospital as independ-
ent variables, while model 2 included NYHA class and CCI at
transfer as well as mean daily aerobic exercise duration. Ac-
cording to model 1 (R?> = 0.553, P < 0.001), both BI before
hospitalization (P < 0.001) and mean daily aerobic exercise
duration (P = 0.041) were significant independent factors in-
fluencing HR-QoL at 6 months post-discharge, while in model
2 (R?2=10.336, P=10.002), mean daily aerobic exercise duration
was the only significant independent factor influencing HR-
QoL (P=10.010).

Discussion

Few studies have evaluated the long-term efficacy of in-patient
phase 2 CR after acute care for cardiovascular diseases. This
study is the first to report that longer daily aerobic exercise
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54 Patients assessed for eligibility

11 Excluded

site infection

- 1 death during hospitalization

- 1 stroke during hospitalization

- 2 continuing difficulty in hospitalization

- 1 limited walking ability due to spinal cord infarction

- 3 disorders of conscious due to cerebrovascular diseases

- 1 transferred to an acute care hospital for surgery

- 2 transferred to an acute care hospital for treatment of surgical

43 Patients discharged from Phase 2 CR
at the rehabilitation hospital

3 Excluded

-1 no reply

- 1 death after discharge
- 1 underwent elective cardiac surgery

40 Patients included in the analysis

Figure 1. Flowchart of study participation and exclusion.

duration as a component phase 2 CR results in better post-dis-
charge HR-QoL.

Most of subjects in this study were elderly and female,
with relatively normal cardiac function and moderate heart
failure severity. Also, more than 70% were postoperative pa-
tients. These characteristics (Table 1) are likely representative
of the typical phase 2 CR population as the recovery process
after cardiac surgery is prolonged among the elderly [22] and
these institutions specialize in treating patients who cannot be
discharged home after acute care alone but are sufficiently sta-
ble for chronic treatment.

The EQ-5D-5L at 6 months after discharge was 0.696 +
0.235, lower than the average values reported by Shiroiwa et
al [23] for community-dwelling Japanese in their 70s (male:
0.889 + 0.154, female: 0.876 + 0.157) and 80s (male: 0.821 +
0.203, female: 0.774 £ 0.220). In their study, it was proposed
that comorbidities such as stroke, Parkinson’s disease, and de-
pression, as well as symptoms such as chest pain, breathless-
ness, swelling or heaviness of legs, and limb motion problems
could account for the decline in EQ-5D-5L. Therefore, it is
possible that cardiovascular disease-induced physical dysfunc-
tion, exercise intolerance, and disease symptoms reduced HR-
QoL after discharge from phase 2 CR in rehabilitation hospi-
tals. Surprisingly, however, average HR-QoL was also lower
than reported previously following discharge from cardiac
surgery [24], even though most patients in the current study
cohort were recovering from cardiac surgery, possibly because
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these patients were older and included a greater proportion of
NYHA class 3 or higher. Indeed, the same study [24] report-
ed that older patients and those with ischemic heart disease
did not improve to the minimal clinical important difference
(MCID), so improving HR-QoL after discharge may be dif-
ficult. Nonetheless, we found that a longer duration of aerobic
exercise during phase 2 CR had lasting beneficial effects on
HR-QoL despite these impediments to recovery.

Two separate multiple regression analysis with HR-QoL
after discharge as the dependent variable identified longer
daily aerobic exercise duration in the rehabilitation hospital as
an independent predictor of improved HR-QoL. Beta-blockers
did not affect the primary outcome. Aerobic exercise improves
exercise tolerance [25, 26] and the metabolic capacity of skel-
etal muscle [27], which allows for increased daily physical
activity [26]. Greater exercise tolerance and metabolic capac-
ity also enhance self-efficacy [28], which in turn can promote
continuation of aerobic exercise [29] and further improve HR-
QoL [30]. Thus, sustained physical activity after discharge
may have improved HR-QoL in the months after discharge.
Future investigations are warranted to assess the overall du-
ration of this improvement and determine whether outpatient
programs can further conserve these health gains.

Many previous reports have shown that aerobic exercise-
based CR can effectively improve HR-QoL [4, 31], and indeed
one of the main goals of CR for patients with coronary artery
disease and heart failure is to improve HR-QoL [5]. It has also
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Table 1. Baseline Characteristics of the Study Patients

Characteristics n=40
Basic data
Age (years) 77.8+10.4
Male, n (%) 15 (37.5)
Body mass index (kg/m?) 20.9+3.2
Barthel index before hospitalization 93.6+12.4
Kihon checklist before hospitalization 8.8+5.7
Living alone, n (%) 11 (27.5)
Principal disease, n (%)
Heart failure 5(12.5)
Ischemic heart disease 6 (15.0)
Cardiovascular surgery 12 (30.0)
Aortic surgery 10 (25.0)
Combined surgery (cardiovascular and aortic surgery) 7(17.5)
Charlson comorbidity index after transfer 32+22
NYHA class after transfer, n (%)
Class 1 0 (0)
Class 2 10 (25.0)
Class 3 28 (70.0)
Class 4 2(5.0)
Echocardiographic after transfer
LVEF, % 53.4+13.7
LAD, mm 382+7.1
E/e’ 14.0+£9.0
Laboratory data after transfer
Hemoglobin, g/dL 11.1+1.3
Albumin, g/mL 33+04
Creatinine, mg/dL 0.94 £ 0.42
eGFR, mL/min/1.73 m? 559+17.1
CRP, mg/dL 1.65+2.24
BNP, pg/mL 259.2 +235.4
Hospitalization process
Total CR time, min/day 131.2+17.1
Aerobic exercise time, min/day 19.2+19.0
Length of hospital stay, days 57.4+28.0
Home discharge, n (%) 38 (95.0)
Temporary transfer to an acute care hospital, n (%) 6 (15.0)
Length of hospital stay before transfer, days 33.3+£20.9
After discharge from rehabilitation hospital
EQ-5D-5L 0.696 + 0.235

Results are expressed as mean + SD or n (%) as indicated. NYHA class: New York Heart Association functional classification; LVEF: left ventricular
ejection fraction; LAD: left atrial dimension; E/e’: early diastolic transmitral flow velocity to early diastolic mitral annular tissue velocity ratio; eGFR:
estimated glomerular filtration rate; CRP: C-reactive protein; BNP: brain natriuretic peptide; CR: cardiac rehabilitation; EQ-5D-5L: EuroQol five-

dimension five-level.
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Table 2. Changes in ADL, Physical Function, Cognitive Function, and Exercise Tolerance After Rehabilitation

Before After P value
FIM, points 73.6 £15.8 112.6 £16.5 <0.001
FIM-motor, points 484 +124 80.6 £ 13.6 <0.001
FIM-cognitive, points 252+64 32.0+43 <0.001
SPPB, points 82+39 9.9+3.5 <0.001
Gait speed, m/s 0.82 +0.33 0.98 +£0.37 <0.001
Hand grip strength, kg 16.5+7.1 17.1+£7.1 0.023
Knee extension strength, %BW 30.7 +14.8 39.5+21.0 <0.001
MMSE, points 25.1+£3.6 26.4+2.6 <0.001
6MD, m 205.1 £135.7 282.3+£152.3 <0.001

All results are expressed as mean = SD. ADLs: activities of daily living; FIM: functional independence measure; SPPB: short physical performance
battery; MMSE: mini-mental state examination; 6MD: 6-minute walking distance.

been reported that aerobic exercise early after cardiac surgery
and aerobic exercise significantly improve HR-QoL and ex-
ercise tolerance 6 months after valvular surgery [32, 33]. Al-
though the overall benefits of aerobic exercise and dependence
on timing of initiation and intensity have been reported, this is
among the first studies to examine the effect of daily aerobic
exercise duration as part of phase 2 CR on longer-term HR-
QoL. Our results suggest that longer daily aerobic exercise as
part of phase 2 in-patient CR at rehabilitation hospitals can
substantially improve HR-QoL after discharge.

ADL score before admission was also an independent pre-
dictor of better HR-QoL in the model including pre-hospitali-
zation clinicodemographic parameters (model 1), possibly due
to disease-related ADL decline and subsequent improvement
of physical function by acute care treatment and rehabilitation.
In older patients, functional limitations due to long-term ill-
ness have a four-fold greater impact on HR-QoL than the ill-
ness alone [34]. Thus, the decrease in ADL prior to treatment
likely reduced baseline HR-QoL independently of phase 2 CR.

These findings suggest that continued CR at a rehabilita-
tion hospital can improve ADL, physical function, cognitive

function, and exercise tolerance. In fact, the benefits of CR on
physical function and exercise tolerance in this study exceeded
those previously reported (below MCID) [35-38]. The aver-
age daily CR time in this study was approximately 130 min,
longer than previous studies due to the greater availability of
intensive rehabilitation facilities and staff compared to acute
care hospitals. However, a systematic review and meta-analy-
sis reported that an SPPB score < 10 is predictive of all-cause
mortality [39], and a substantial proportion of patients scored
below 10 even after CR (Table 2). In addition, gait speed was
frequently below 1 m/s. Lower gait speed in the elderly is asso-
ciated with an increased risk of hospitalization and cardiovas-
cular mortality [40, 41], and a gait speed < 1.0 m/s was associ-
ated with lower survival and higher rehospitalization at 1 year
post-treatment among patients with heart failure [42]. Further-
more, 6-minute walking distance was substantially below 300
m (Table 2), a performance level also reported to predict poor
prognosis among patients with heart failure [43]. In-patient
CR significantly improved physical function and ADL, but
some patients still demonstrated worsening prognosis. Further
changes to phase 2 CR content are required to improve these

Table 3. Multiple Regression Analysis of Factoring Influencing EQ-5D-5L at 6 Months Post-Discharge

ik coolfcents B cosfiientobeta CVANe Pvalue  VIF
1
Constant -0.537 -1.513 0.139
Age, years 0.002 0.067 0.557 0.581 1.167
BI before hospitalization, points 0.011 0.592 4.413 <0.001 1.448
Daily aerobic exercise duration, min/day 0.003 0.274 2.116 0.041 1.345
2
Constant 0.854 3.782 <0.001
NYHA class -0.091 -0.201 -1.259 0.216 1.377
CCI -0.002 -0.021 -0.143 0.887 1.176
Daily aerobic exercise duration, min/day 0.005 0.443 2.725 0.010 1.429

Bl: Barthel index; NYHA class: New York Heart Association functional classification; CCl: Charlson comorbidity index; VIF: variance inflation factor.
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outcomes at discharge from rehabilitation hospital, especially
in Japan, where phase 2 CR at rehabilitation hospitals has only
recently been included in the medical service fees. Tsuchihashi
et al [44] reported that poor social support is associated with
rehospitalization of heart failure patients. Therefore, for fur-
ther long-term improvement in HR-QoL, social support should
be continued after discharge from the rehabilitation hospital.

Limitations

This study has several limitations. First, the number of patients
that can be admitted for longer-term in-patient CR is very lim-
ited, so the sample size was correspondingly small. Second,
the physiological exercise load was not uniform among the
study group because exercise intensity was set using the Borg
scale. Finally, other components of phase 2 CR were not exam-
ined by regression analysis, so the improved HR-QoL may not
be solely the result of longer aerobic exercise duration.

Conclusions

We demonstrate that a longer daily aerobic exercise duration
as part of in-patient CR is an independent predictor of better
HR-QoL at 6 months post-discharge. This study provides sup-
port for the continued expansion of phase 2 CR in Japanese
rehabilitation hospitals.
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