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Abstract

Background: The prevalence of respiratory sarcopenia and its effect 
on respiratory muscle strength (RMS) in patients with cardiovascular 
disease (CVD), who are transferred to a convalescent rehabilitation 
hospital after acute care and require continuous cardiac rehabilita-
tion (CR), is currently unclear. This study aimed to assess changes in 
RMS, physical function, and activities of daily living (ADL) before 
and after CR performed in a rehabilitation hospital.

Methods: Of 50 consecutive patients transferred to a rehabilita-
tion hospital for ongoing CR, 30 fulfilled the inclusion criteria. 
Maximal inspiratory and expiratory pressures (MIP and MEP, re-
spectively) were measured at transfer, and patients with decreased 
RMS were diagnosed with respiratory sarcopenia. RMS, physical 
function, exercise tolerance, ADL ability, and health-related qual-
ity of life (HR-QoL) were measured and compared at transfer and 
discharge.

Results: The prevalence of respiratory sarcopenia at the time of 
transfer to the rehabilitation hospital was 93.3%. RMS assessments 
at transfer and discharge demonstrated significant improvements 
in %MIP (from 46.3±26.1% to 63.6±33.7%) and %MEP (from 
44.8±17.3% to 56.6±21.8%). Short physical performance battery, 
gait speed, handgrip strength, and knee extension muscle strength 
significantly improved, along with significant prolongation of 6-min 
walking distance as a measure of exercise tolerance. ADL assessment 
using the functional independence measure revealed significant im-
provement, as did HR-QoL assessed according to the five-dimension, 
five-level, EuroQoL instrument, following CR.

Conclusions: Although respiratory sarcopenia was highly prevalent 
among patients with CVD who required transfer to a rehabilitation 
hospital after acute care, continuous CR significantly improved RMS, 
ADL, physical function, and exercise tolerance. These findings sup-
port the continued expansion of CR, particularly in dedicated reha-
bilitation hospitals.

Keywords: Rehabilitation hospital; Cardiac rehabilitation; Respira-
tory muscle strength

Introduction

Advances in acute-care cardiovascular medicine have made it 
feasible to treat elderly and critically ill patients who were pre-
viously difficult to manage. However, these patients often en-
counter delays in achieving acute rehabilitation goals owing to 
the complexity of their disabilities and the extended recovery 
time resulting from preexisting conditions such as sarcopenia, 
frailty, and multimorbidity. Hospital-acquired functional decline 
(HAD) affects approximately 20% of elderly patients after acute 
care [1], and 10-20% of elderly patients with cardiovascular dis-
ease (CVD) experience HAD [2-4]. For these individuals, con-
valescent rehabilitation hospitals play a crucial role in provid-
ing continued intensive inpatient cardiac rehabilitation (CR) as 
an integral component of phase 2 CR to enhance their physical 
function and activities of daily living (ADL). Although CR in 
rehabilitation hospitals has been shown to significantly improve 
physical function, exercise tolerance, ADL ability, and health-
related quality of life (HR-QoL) in patients with CVD [5, 6], its 
effect on respiratory muscle strength (RMS), a prognostic fac-
tor for patients with CVD [7, 8], remains unclear. In particular, 
the recent inclusion of CVDs in the calculation requirements for 
convalescent rehabilitation in Japan’s FY 2022 Medical Fee Re-
vision underscores the urgency to understand the current state 
of care. This amendment highlights the growing recognition of 
the importance of specialized rehabilitation services for patients 
with CVD and the need for empirical data to guide these ser-
vices’ optimization.

In recent years, the age-related loss of RMS and muscle 
mass has been referred to as “respiratory sarcopenia” [9, 10], 
defined as whole-body sarcopenia and low respiratory mus-
cle mass followed by a decrease in RMS and/or respiratory 
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function [10], and has attracted attention as a new therapeutic 
target in the elderly. Morisawa et al [11] reported that respira-
tory sarcopenia may be present in approximately one-half of 
community-dwelling elderly individuals; however, respiratory 
sarcopenia is more likely to be a comorbidity among elderly 
patients with CVD. Patients with CVD are prone to dyspnea 
during exercise, leading to exercise intolerance and reduced 
quality of life [12, 13]. This exercise-induced dyspnea is partly 
due to reduced RMS in approximately 30-50% of patients with 
CVD [13, 14]. Additionally, patients with CVD exhibit reduced 
RMS independent of their underlying cardiac condition, such 
as heart failure (HF), myocardial infarction, or postoperative 
cardiovascular surgery [15-17], and evaluation of RMS func-
tion as part of phase 2 CR has attracted attention [18]. Such as-
sessments are crucial for understanding the extent of exercise 
intolerance and diminished quality of life among patients with 
CVD, which is frequently exacerbated by reduced RMS.

This study is therefore focused on elucidating the preva-
lence of respiratory sarcopenia among patients with CVD re-
quiring continuous CR in a convalescent rehabilitation hospi-
tal, and on evaluating the impact of CR interventions on RMS 
alterations. Given the critical role of RMS in the overall health 
and rehabilitation outcomes of patients with CVD, our research 
seeks to bridge the gap in knowledge regarding the effective-
ness of CR in addressing respiratory sarcopenia, underlining 
the necessity for routine RMS evaluations as a component of 
comprehensive CR efforts.

Materials and Methods

Study design and study population

This retrospective cohort study was conducted at a single cent-
er between February 2022 and June 2023. The study included 
consecutive patients treated for CVD at an acute care hospital, 
who were subsequently transferred to the Nishi Memorial Port-
island Rehabilitation Hospital (Hyogo, Japan) due to inadequate 
recovery of physical function and ADL, necessitating continued 
CR in a convalescent rehabilitation hospital. Exclusion criteria 
included the following: age < 18 years; mobility impairments 
(e.g., cerebrovascular disease, quadriplegia, hemiplegia, or spi-
nal cord infarction); cognitive impairments that hindered accu-
rate measurements; unsuitability for RMS testing (e.g., pneumo-
thorax or conservative treatment after acute aortic dissection); 
and refusal to participate in the study. Data from patients who 
died during hospitalization or developed a newly occurring 
cerebrovascular disease were also excluded. This study was ap-
proved by the Ethics Committee of Nishi Memorial Port-island 
Rehabilitation Hospital (approval No. 18), and written informed 
consent was obtained from each patient. The study adhered to 
the ethical standards for human participant research in accord-
ance with the Declaration of Helsinki.

Data collection

Baseline characteristics extracted from medical records and 

interviews included age, sex, body mass index, pre-admission 
ADL (Barthel Index), pre-admission life function (Kihon 
Checklist (KCL)), presence of a caregiver, primary diseases 
in the acute care hospital (HF, postoperative cardiovascular 
surgery, postoperative aortic surgery, postoperative combined 
cardiovascular and aortic surgery), and length of stay in the 
acute care hospital. The KCL, a 25-question yes/no question-
naire, was used to assess the severity of frailty [19]. It is strati-
fied into three levels: robust (0 to 3 points); pre-frailty (4 to 7 
points); and frailty (≥ 8 points) [20]. Additional data collected 
included New York Heart Association functional classification, 
comorbidities, echocardiographic findings, and biochemical 
test results at the time of transfer to a rehabilitation hospital. 
The total CR time per day, length of hospital stays, and patient 
outcomes in the rehabilitation hospital were also recorded.

Determination of respiratory sarcopenia

Respiratory sarcopenia is typically identified based on a combi-
nation of decreased respiratory muscle mass and RMS accord-
ing to existing diagnostic criteria [10, 21]. Standard practices 
involve measuring diaphragm muscle mass using computed 
tomography (CT) or ultrasound. Due to the practical limita-
tions in the setting of Japanese convalescent rehabilitation hos-
pitals, where routine CT or ultrasound evaluations for RMS are 
not commonly performed, we were unable to directly assess 
RMS through these imaging techniques in any of the patients 
included in our study. When these methods are impractical, 
skeletal muscle mass measurement using bioelectrical imped-
ance analysis (BIA) is an alternative [10]. In this study, many 
participants had pacemakers, which precluded the use of BIA 
for muscle mass measurements. Therefore, participants exhib-
iting decreased RMS were categorized as “possible respiratory 
sarcopenia” [21]. Respiratory muscle weakness was defined as 
an RMS value < 70% of the reference standard. This thresh-
old was based on previous research [22, 23] and was used to 
identify potential cases of respiratory sarcopenia when direct 
measurement of muscle mass was not feasible.

Assessments of RMS

RMS was measured using an RMS tester (IOP-01, Kobata 
Keiki Co., Osaka, Japan). Maximal inspiratory and expira-
tory efforts were performed twice with subjects in the sit-
ting position, with the highest values recorded for maximal 
inspiratory pressure (MIP) and maximal expiratory pressure 
(MEP). Predicted MIP and MEP values were calculated using 
age, sex, and body size-adjusted equations (predicted MIP 
(male) = 45.0 - 0.74 × age + 0.27 × height + 0.60 × weight; 
predicted MIP (female) = -1.5 - 0.41 × age + 0.48 × height 
+ 0.12 × weight. Predicted MEP (male) = 25.1 - 0.37 × age 
+ 0.20 × height + 1.20 × weight; predicted MEP (female) 
= -19.1 - 0.18 × age + 0.43 × height + 0.56 × weight) [24]. 
%MIP and %MEP were calculated by dividing the actual 
MIP and MEP by the predicted MIP and MEP, respectively, 
and multiplied by 100.
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ADL, physical function, and exercise tolerance assessments

ADLs were evaluated by trained physical and occupational 
therapists using the functional independence measure (FIM) 
[25] on transfer to a rehabilitation hospital and discharge. The 
FIM is used to assess the degree to which an individual is 
independent or requires assistance to perform various motor 
and cognitive ADL. The FIM consists of 18 items, including 
13 motor and five cognitive items, and is scored on a 7-point 
Likert scale ranging from “completely dependent on assistance 
(score, 1)” to “completely independent (score, 7)”. Lower 
scores indicate lower independence in ADL.

Physical function was measured at transfer and discharge 
using the short physical performance battery (SPPB), hand-
grip strength, knee extension muscle strength, and gait speed. 
The SPPB is a reliable and valid battery for assessing physi-
cal function in older individuals [26], calculated from bal-
ance ability, 4 m walk time, and 5-repetition sit-to-stand time 
according to the method described by Guralnik et al [27]. 
Handgrip strength was measured twice bilaterally using a 
digital handgrip gauge (T-2177; TOEI LIGHT Co., Ltd., Shi-
zuoka, Japan), and the maximum value was recorded. Knee 
extension muscle strength was assessed using a handheld dy-
namometer (µTas F-1, Anima Co., Ltd., Japan). Briefly, iso-
metric knee extension strength was measured with the knee 
joint flexed 90° in the sitting position and then extended with 
maximal effort. Knee extension muscle strength was meas-
ured twice, the results were divided by body weight (BW) 
to calculate %BW, and the maximum value was used. Gait 
speed was measured at a comfortable walking speed with an 
aided walking path (10 m in length) and converted to m/s. 
Exercise tolerance was assessed by the 6-min walking dis-
tance (6MD) using the 6-min walk test (6MWT) at transfer 
and discharge. The 6MWT consisted of walking a straight 
line for 20 m in a rehabilitation room with no steps or obsta-
cles, and the maximum distance each subject could walk in 6 
min, according to the standards of the American Thoracic So-
ciety [28], with appropriate instructions given before the test.

Cognitive function and HR-QoL assessments

Cognitive function was assessed in accordance with the Japa-
nese version of the mini-mental state examination (MMSE) 
[29], with scores ranging from 0 to 30, and higher scores in-
dicating better cognitive function. HR-QoL was measured in 
accordance with the Japanese version of the five-dimension, 
five-level, EuroQoL instrument (EQ-5D-5L) questionnaire 
[30], with scores calculated using the EQ-5D-5L index value 
calculator version 2.0 [31].

CR

All patients transferred to the rehabilitation hospital underwent 
physical and occupational therapies as prescribed by their phy-
sicians. Exercise programs in CR, adhering to Japanese Cir-
culation Society guidelines [32], focus on aerobic exercise, 

resistance training, and stretching [33]. Although cardiopulmo-
nary exercise testing based on anaerobic thresholds is recom-
mended to determine exercise intensity [33], this is often not 
feasible for patients transferred to a rehabilitation hospital due 
to significant decline in ADL, coexisting stroke or musculo-
skeletal disease. Therefore, we primarily used the Borg Scale 
[34] to assess perceived exertion and the Talk Test to moni-
tor relative intensity [35]. The intensity and duration of ex-
ercise were increased or decreased in response to changes in 
the patient’s medical condition. In addition, when necessary, 
rehabilitation included breathing exercises, thoracic stretch-
ing, and accessory respiratory muscle conditioning tailored to 
patient condition. Breathing exercises were performed when 
deemed necessary by the treating therapist, with an emphasis 
on deep breathing exercises, with the physiotherapist instruct-
ing the rhythm of inhalation and exhalation and adjusting the 
speed and depth of inhalation and exhalation. Individualized 
rehabilitation programs incorporated ADL and balance train-
ing, exercise instruction, and patient education and were pro-
vided daily for up to 3 h per day. Educational sessions included 
exercise, nutrition, and stress management and were tailored 
to the patient’s post-discharge lifestyle. Speech therapy was 
prescribed when deemed necessary in the presence of swal-
lowing difficulties.

Statistical analysis

The prevalence of respiratory sarcopenia upon transfer to the 
rehabilitation hospital was calculated as the percentage of 
patients presenting with respiratory sarcopenia at that time. 
Paired t-test and the Wilcoxon signed-rank test were used to 
compare various parameters, including RMS, before and after 
intervention at the rehabilitation hospital. Statistical analyses 
were performed using SPSS version 29.0 (IBM Corp., Ar-
monk, NY, USA); differences with P < 0.05 were considered 
to be statistically significant.

Results

Patient demographics

Of the 50 consecutive patients transferred to the convalescent 
rehabilitation hospital following acute CVD treatment, 30 ful-
filled the inclusion criteria after applying the exclusion criteria 
such as mobility issues and RMS measurement challenges. A 
flow-diagram illustrating study participant inclusion/exclusion 
is presented in Figure 1, and basic characteristics are summa-
rized in Table 1.

Prevalence of respiratory sarcopenia and changes in RMS

On transfer to the rehabilitation hospital, the prevalence of res-
piratory sarcopenia was 93.3%, with the majority of patients 
exhibiting respiratory sarcopenia (Table 1). Assessment of 
RMS at transfer and discharge revealed significant improve-
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Table 1.  Baseline Characteristics of the Patients

N = 30
AVG SD

Basic data
  Age (years) 76.4 10.3
  Male, n (%) 9 (30.0)
  Body mass index (kg/m2) 20.0 4.1
  Barthel index before hospitalization 97.0 6.4
  Kihon checklist before hospitalization 7.5 5.3
    Robust, n (%) 8 (26.7)
    Pre-frailty, n (%) 10 (33.3)
    Frailty, n (%) 12 (40.0)
  Living alone, n (%) 18 (60.0)
  Length of hospital stay before transfer, days 31.2 16.4
Principal disease before transfer, n (%)
  Heart failure 4 (13.3)
  Cardiac surgery 14 (46.7)
  Contents of cardiac surgery, n (%)
    Coronary artery bypass grafting 3 (21.4)
    Valve surgery 2 (14.3)
    Multiple valve surgery 5 (35.7)
    Coronary artery bypass grafting + valve surgery 2 (14.3)
    Others 2 (14.3)
  Aortic surgery 10 (33.3)
  Combined surgery (cardiac and aortic surgery) 2 (6.7)
Information after transfer
  Prevalence of possible respiratory sarcopenia 28 (93.3)

Figure 1. Flowchart of participants throughout the study. RMS: respiratory muscle strength.
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ments in mean (± standard deviation (SD)) %MIP, increasing 
from 46.3±26.1% to 63.6±33.7% (P < 0.001). Similarly, mean 
%MEP exhibited a significant improvement, from 44.8±17.3% 
to 56.6±21.8% (P < 0.001), in expiratory muscle strength (Fig. 
2). The effect of recovery was not influenced by the presence or 
absence of beta-blocker therapy (Table 2).

Change in ADL, physical function, exercise tolerance, cog-
nitive function, and HR-QoL

ADL assessments at transfer and discharge exhibited signifi-
cant improvements in total FIM score, motor items of the FIM, 
and cognitive items of the FIM (P < 0.001). Physical function 

N = 30
AVG SD

  NYHA class, n (%)
    Class 1 0 (0)
    Class 2 3 (10.0)
    Class 3 26 (86.7)
    Class 4 1 (3.3)
  Charlson comorbidity index 2.7 1.5
  Comorbidities, n (%)
    Diabetes mellitus 8 (26.7)
    Chronic heart failure 12 (40.0)
    Chronic kidney disease 6 (20.0)
    Chronic obstructive pulmonary disease 2 (6.7)
    Musculoskeletal disorders 15 (50.0)
    Cerebrovascular disease 7 (23.3)
    Peripheral arterial disease 1 (3.3)
  Echocardiography
    Left ventricular ejection fraction, % 55.5 11.3
    Left atrial dimension, mm 36.3 7.6
    E/e’ 15.0 5.7
  Laboratory data
    Hemoglobin, g/dL 11.3 1.4
    Albumin, g/dL 3.3 0.4
    Creatinine, mg/dL 0.95 0.45
    eGFR, mL/min/1.73 m2 59.5 26.7
    C-reactive protein, mg/dL 1.94 2.53
    Brain natriuretic peptide, pg/mL 176.3 108.9
    GNRI 86.5 11.2
  Medication, n (%)
    Beta-blocker 21 (70.0)
    ACEIi/ARB 8 (26.7)
    Diuretics 17 (56.7)
  Others
    Total CR time, min/day 132.5 13.4
    Percentage with combined breathing training, n (%) 19 (63.3)
    Length of hospital stay, days 65.9 30.4
    Home discharge, n (%) 28 (93.3)

AVG: average; SD: standard deviation; E/e’: early diastolic transmitral flow velocity to early diastolic mitral annular tissue velocity ratio; NYHA class: 
New York Heart Association functional classification; eGFR: estimated glomerular filtration rate; GNRI: geriatric nutritional risk index; ACEi: angioten-
sin-converting enzyme inhibitor; ARB: angiotensin II receptor blocker; CR: cardiac rehabilitation.

Table 1.  Baseline Characteristics of the Patients - (continued)
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significantly improved after CR, as evidenced by SPPB scores 
(P < 0.001), gait speed (P < 0.001), handgrip strength (P = 0.01), 
and knee extension muscle strength (P < 0.001). Exercise toler-
ance, as assessed according to 6MD, also significantly improved 
after CR at the rehabilitation hospital (P < 0.001). Furthermore, 
cognitive function, as measured using the MMSE, improved 
significantly (P = 0.038). HR-QoL significantly improved, as 
indicated by EQ-5D-5L scores (P < 0.001) (Table 3).

Rehabilitation dose

The mean total rehabilitation time per day in the rehabilitation 

hospital was 132.5 ± 13.4 min, including patient education. 
The mean length of hospital stay was 65.9 ± 30.4 days, and 
most patients were discharged to home (Table 1).

Discussion

Results of the present study demonstrated the effectiveness of 
transferring patients to a rehabilitation hospital for continued 
CR in improving RMS, ADL, physical function, and exercise 
tolerance after treatment for acute CVD. To the best of our 
knowledge, this was the first investigation in Japan to address 
the effect of CR on RMS in patients with CVD in rehabilita-

Figure 2. Changes in respiratory muscle strength. (a, b) Actual maximal inspiratory and expiratory pressure. (c, d) Calculated 
% maximal inspiratory and expiratory pressure. In the box-and-whisker plot, the box represented the interquartile range (IQR), 
while the whiskers extended to the minimum and maximum values within 1.5 times the IQR. Data points outside this range were 
considered outliers and were represented by circles.
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tion hospitals.
Our findings showed that most participants, primarily el-

derly females with a history of musculoskeletal disease or HF, 
benefited from continued CR. Such patients often present with 
frailty yet are independent in ADL before admission, it is likely 
that these patients require continued CR in a rehabilitation hos-
pital rather than being discharged after a short stay in an acute 
care hospital. The importance of continued CR in a rehabilita-
tion hospital is underscored by the observed enhancements in 
RMS and physical outcomes, aligning with previous research 
indicating diminished functional recovery and CR efficacy in 
similar patient populations.

With a focus on RMS, the mean RMS at transfer was less 
than one-half of the predicted values for both MIP and MEP. 

Upon transfer, only 10% of the patients exhibited inspiratory 
muscle strength equivalent to that of normal subjects, whereas 
all patients exhibited expiratory muscle strength lower than 
normal. It is well documented that RMS is reduced in patients 
with CVD, such as those with HF, following cardiac surgery 
[15, 16]. However, in patients with CVD requiring transfer to 
a rehabilitation hospital, inspiratory muscle strength was even 
lower than that reported in a previous study (60-68% of the 
predicted value) [16]. Nevertheless, RMS significantly im-
proved both inspiration and expiration following continued 
CR at a convalescent rehabilitation hospital. Previous studies 
have reported significant improvements in inspiratory muscle 
strength in patients with HF after 12 weeks of aerobic exercise 
[36], and in both expiratory and inspiratory muscle strength 

Table 2.  Change in Rehabilitation Outcome in the Patient on and off Beta-Blockers

Amount of change
On beta-blocker (n = 21) Off beta-blocker (n = 9)

P value
AVG SD AVG SD

%MIP, % 53.3 40.3 35.7 53.5 0.328
%MEP, % 26.5 33.4 49.1 76.5 0.264
FIM, points 43.2 13.4 45.3 12.0 0.690
SPPB, points 3.3 2.2 3.4 2.8 0.929
Gait speed, m/s 0.39 0.28 0.41 0.31 0.884
Hand grip strength, kg 1.3 2.6 1.2 2.1 0.971
Knee extension strength, %BW 10.1 6.0 9.9 11.7 0.962
6MD, m 97.2 59.9 179.8 114.7 0.087

AVG: average; SD: standard deviation; %MIP: % maximal inspiratory pressure; %MEP: % maximal expiratory pressure; FIM: functional independ-
ence measure; SPPB: short physical performance battery; 6MD: 6-min walking distance.

Table 3.  Changes in ADL, Physical Function, Exercise Tolerance, Cognitive Function, and QoL After Rehabilitation

Before rehabilitation After rehabilitation
P value

AVG SD AVG SD
FIM, points 72.0 16.8 116.0 10.1 < 0.001
FIM-motor, points 46.3 11.9 82.7 8.1 < 0.001
FIM-cognitive, points 25.7 7.6 33.2 3.5 < 0.001
SPPB, points 7.5 3.1 10.7 2.0 < 0.001
Gait speed, m/s 0.76 0.32 1.14 0.39 < 0.001
Hand grip strength, kg 16.2 6.2 17.3 6.1 0.010
Knee extension strength, %BW 30.6 15.1 40.6 17.8 < 0.001
6MD, m 222.9 124.9 341.5 128.7 < 0.001
MMSE, points 26.6 2.8 27.4 2.9 0.038
EQ-5D-5L 0.588 0.168 0.790 0.183 < 0.001
  Mobility -0.078 0.074 -0.025 0.044
  Self-care -0.042 0.042 -0.019 0.028
  Usual activities -0.094 0.058 -0.038 0.047
  Pain/discomfort -0.046 0.034 -0.026 0.028
  Anxiety/depression -0.053 0.051 -0.035 0.053

AVG: average; SD: standard deviation; FIM: functional independence measure; SPPB: short physical performance battery; 6MD: 6-min walking 
distance; MMSE: mini-mental state examination; EQ-5D-5L: EuroQol five-dimension five-level.
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after a 12-week, phase 2 CR program focusing on aerobic ex-
ercise and resistance training following coronary bypass sur-
gery [37].

Additionally, an 8-week home-based walking program led 
to a 41% improvement in inspiratory muscle strength in pa-
tients with myocardial infarction [17]. Findings of the present 
study are consistent with these reports, suggesting that long-
term outpatient CR can enhance RMS, possibly reflecting the 
effects of CR in rehabilitation hospitals. Furthermore, patients 
with inspiratory muscle weakness at baseline were more likely 
to exhibit an improvement in MIP after CR [38], and intensive, 
prolonged, inpatient CR in a rehabilitation hospital may be 
more effective in improving RMS. In addition, increased MIP 
with CR has been reported to be associated with lower rates 
of all-cause mortality and cardiovascular events [38]. Patients 
with CVD who have a decreased RMS after acute care may 
also have an improved prognosis if they are offered continued 
CR in a convalescent rehabilitation hospital. However, when 
RMS decline was defined as < 70% of the predicted MIP [22, 
23], two-thirds of patients continued to experience respiratory 
muscle weakness at discharge from the rehabilitation hospital. 
Respiratory muscle weakness has been reported to be associ-
ated with increased all-cause mortality and rehospitalization 
for CVD [7, 8], and reconsideration of the CR program is 
warranted for these patients. There are anecdotal reports that 
RMS training, particularly inspiratory muscle training (IMT), 
in combination with conventional CR in patients with CVD, 
further improves RMS [37, 39, 40]. Therefore, the addition of 
IMT to the CR program may be considered in patients pre-
senting at a rehabilitation hospital with significant respiratory 
muscle weakness. However, no additional benefit of IMT over 
conventional aerobic exercise alone has been reported in out-
patient CR combining aerobic exercise with high-intensity 
IMT in patients after coronary artery bypass graft surgery [41]. 
Thus, it is uncertain whether introducing IMT in rehabilitation 
hospitals, where a more individualized approach to care is re-
quired, will be beneficial.

Physical function, exercise tolerance, cognitive function, 
ADL, and HR-QoL significantly improved with continued CR 
in the rehabilitation hospital. Regarding the effect of CR on 
physical function and exercise tolerance, the reported minimal 
clinically important difference [42-44] was significantly higher 
in the present investigation as well as in previous studies in re-
habilitation hospitals [5, 6]. In addition, cognitive function sig-
nificantly improved in the CR group at the rehabilitation hos-
pital, despite the exclusion of the cognitively impaired group, 
for whom accurate testing was difficult. This may be due to the 
reported improvement in memory scores with exercise therapy 
in older patients [45] and rehabilitation, which includes cogni-
tive communication through occupational and speech therapy. 
Considering that the median CR time during hospitalization in 
Japan in the report by Kanazawa et al [46] was approximately 
30 min per day and the length of hospitalization was approxi-
mately 3 weeks, the average daily CR time in this study was 
approximately 130 min, and the fact that CR was performed 
intensively and for a prolonged period may have influenced 
improvement compared with previous studies. Furthermore, in 
the Rehabilitation Therapy in Older Acute Heart Failure Pa-
tients (REHAB-HF) trial [48], physical function and HR-QoL 

were significantly improved in hospitalized patients with acute 
HF after a transitional, tailored, and incremental rehabilitation 
intervention compared with those in the control group. This 
suggests that individualized CR intervention in a rehabilitation 
hospital may improve physical function and HR-QoL more 
than conventional CR in an acute care hospital.

These results suggest that transfer to a rehabilitation hos-
pital and continued CR are useful not only for improving ADL 
and physical function but also for improving RMS. Future re-
search should aim to determine the effect of RMS improve-
ment on the prognosis of patients who continue CR in rehabili-
tation hospitals.

Study limitations

This study had several limitations. First, the number of patients 
in the long-term rehabilitation hospital was limited; as such, 
the sample size was correspondingly small. Second, Japanese 
rehabilitation hospitals have not been able to adequately di-
agnose respiratory sarcopenia according to previous studies 
because imaging and respiratory function tests are not com-
monly performed, and RMS could not be directly evaluated by 
these diagnostic techniques. Third, the small sample size did 
not enable us to analyze factors influencing improved RMS. 
Forth, it is difficult to assess pre-admission respiratory and 
physical functions. This difficulty is compounded by the in-
herent complexity in determining how much the assessments 
at the point of transfer to the rehabilitation facility are influ-
enced by the patients’ conditions prior to admission. Finally, 
the lack of a control group significantly impacts the strength 
and generalizability of the findings. The absence of a control 
group precludes definitive conclusions regarding the causal-
ity of observed improvements in RMS, potentially attributing 
outcomes to the rehabilitation interventions without rigorous 
comparative analysis.

Conclusions

Respiratory sarcopenia was present in most patients with CVD 
who required a transfer to a rehabilitation hospital after under-
going acute care. However, continuous CR has been shown to 
significantly improve RMS, ADL, physical function, exercise 
tolerance, and HR-QoL. These findings support the further ex-
pansion of CR, which should be intensively practiced in reha-
bilitation hospitals.
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