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Abstract

Background/Objectives: During the Coronavirus Disease 2019 (COVID-19) pandemic, patients with
COVID-19 pneumonia experienced significant reductions in activity of daily living due to isolation-
related physical inactivity and muscle deconditioning. This study aimed to assess the safety and
feasibility of early pulmonary rehabilitation (PR) for isolated patients with COVID-19 pneumonia
and to evaluate their functional status and health-related quality of life. Methods: We implemented
a bedside PR program—comprising flexibility, strength, mobilization, and breathing exercises—
safely deliverable within isolation rooms. Assessments included the 1-minute sit-to-stand test
(IMSTST), Chronic Obstructive Pulmonary Disease Assessment Test (CAT), and Hospital Anxiety
and Depression Scale (HADS), conducted at baseline and discharge. Results: In this single-arm study
conducted during the third to fifth pandemic waves, 23 hospitalized patients (mean age 61 + 11 years,
78% male) completed the program with a session adherence rate of 71%. No adverse events occurred.
The IMSTST repetitions improved significantly (mean change +7.6; p < 0.001), with significant
increases in SpO; nadir and peak heart rate (p = 0.013 and p < 0.001, respectively). Higher attendance
was correlated with greater increase in IMSTST (r = 0.626, p = 0.010), and lower baseline IMSTST
scores predicted larger gains (r = -0.662, p = 0.005). CAT total score and items related to cough and
chest tightness significantly decreased (p = 0.014, 0.002, and 0.013, respectively). However, HADS
depression scores worsened at discharge. Conclusions: Early bedside PR was safely and feasibly
delivered to isolated patients with COVID-19 pneumonia. The IMSTST and CAT were useful tools
for functional evaluation during the acute phase. This approach may help mitigate physical
deconditioning even under isolation constraints.

Keywords: COVID-19; Pulmonary rehabilitation; Exercise test; Health-related quality of life

1. Introduction

Since the global outbreak of coronavirus disease 2019 (COVID-19) in 2020, the emergence of new
viral variants and the strain on healthcare resources have continued to impact healthcare systems
and public health worldwide [1-3]. Although the global infection situation has shown signs of
stabilization, the COVID-19 experience has raised important questions regarding how to prepare for
and respond to future infectious disease outbreaks [4,5].

Typical symptoms of COVID-19 include upper respiratory tract inflammation, fever, and
disturbances in taste and smell. In addition, extrapulmonary complications such as cardiovascular
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involvement and thromboembolic events have also been reported [6,7]. Musculoskeletal impairments
and declines in physical function have been frequently observed in patients with COVID-19 [8-10].
In particular, elderly individuals and patients with more severe disease are susceptible to declines in
activities of daily living, which may be associated with reduced physical activity due to prolonged
isolation [11-13]. These physical consequences may also negatively affect health-related quality of life
and mental well-being [14-16].

While pharmacological interventions and vaccines have evolved throughout the pandemic, the
role of non-pharmacological approaches such as rehabilitation has also gained attention. Pulmonary
rehabilitation (PR) has been reported to be effective in post-acute or Long-COVID patients, and recent
studies continue to support its benefits [11,17-20]. However, limited evidence is available regarding
the safety and effectiveness of PR interventions during the acute phase of hospitalization. In 2020,
early bedside rehabilitation was recommended for patients with severe COVID-19 by an
international task force [21], but it remains unclear whether similar early interventions are needed or
appropriate for patients with moderate disease severity who are isolated but not admitted to the
intensive care unit (ICU).

The purpose of this study was to investigate the safety of early multidisciplinary rehabilitation
interventions at the bedside in non-ICU patients hospitalized with COVID-19 pneumonia under
infection isolation. In addition, we aimed to evaluate their functional status and health-related quality
of life.

2. Materials and Methods

2.1. Study Design

This prospective, single-arm interventional study was conducted at the Kanagawa
Cardiovascular and Respiratory Center, a specialized medical facility providing advanced care for
cardiovascular and respiratory diseases. During the COVID-19 pandemic, Kanagawa Cardiovascular
and Respiratory Center served as a designated core hospital for managing COVID-19 patients in
Kanagawa Prefecture—an urban region neighboring Tokyo and one of Japan's most populous areas.
The hospital maintains an infectious isolation ward equipped for safe inpatient care during
outbreaks. This study was approved by the institutional ethics committee (KCRC-20-0047), and
written informed consent was obtained from all participants prior to enrollment.

2.2. Study Population

Eligible participants were patients with COVID-19 pneumonia who were admitted to the
infectious isolation ward. Patients who required invasive mechanical ventilation were not included,
as our hospital does not manage patients with severe or critical COVID-19. All patients referred to
PR after admission were screened. Inclusion criteria were as follows: diagnosed with COVID-19
pneumonia, oxygen saturation measured by pulse oximetry (SpOz) <95% at rest on room air, capacity
to understand and perform the exercise program under infection control precautions. Exclusion
criteria included: exercise-induced desaturation judged as clinically significant, limitations to exercise
due to complications or physical disability, cardiac conditions contraindicating physical activity,
physician's restriction against rehabilitation, dementia, visual or hearing impairments that interfered
with participation in the program.

2.3. Intervention

The exercise training program was conducted entirely at the bedside or immediately adjacent to
the bed within each patient’s isolation room. It was designed to be feasible, safe, and adaptable to
varying functional levels. Three tiers of programs —supine, sitting, and standing —were implemented
according to the patient’s physical status and progression. Supine program included lower limb
strength exercises (leg raises and hip abductions using a stretch band, 5 repetitions each) and early
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mobilization tasks such as maintaining a sitting posture on the bed for up to 5 minutes. Sitting
program consisted of seated respiratory stretching exercises (5 minutes), lower limb resistance
training using elastic bands (10 repetitions each), and sit-to-stand exercises using a table for support
(5 repetitions). Standing program included standing respiratory stretching (5 minutes), as well as
lower limb strengthening exercises such as calf raises and squats with chair support (10 repetitions
each). Progression from one program to the next was guided by clinical evaluation, allowing patients
to move from the supine to the sitting and then standing program as their condition improved. In
addition, breathing exercises and airway clearance techniques were actively encouraged. Patients
were also recommended to maintain an awake prone position outside of training sessions when
possible.

2.4. Assessments

Baseline demographic and clinical information was collected. During each training session, the
Modified Borg Scale (MBS) for perceived exertion, SpOz, and heart rate (HR) were monitored to assess
physical response and safety. Feasibility was evaluated based on the occurrence of adverse events
and the adherence rate to the program. Adherence was calculated as the percentage of days on which
rehabilitation was actually performed relative to the total scheduled days.

Functional and psychological outcomes were assessed both at baseline and at hospital discharge.
1-minute sit-to-stand test (IMSTST) was performed using a standard armless chair (seat height: 40
cm), with the number of repetitions recorded. MBS, SpO:, and HR were measured before and after
the test. Chronic Obstructive Pulmonary Disease Assessment Test (CAT) was used to assess
respiratory symptoms. Hospital Anxiety and Depression Scale (HADS) was used to evaluate
psychological well-being.

2.5. Statistical Analyses

Continuous variables were presented as means with standard deviations, or medians with
interquartile ranges for non-normally distributed data. Categorical data were summarized as counts
and percentages. Comparisons between baseline and discharge values were made using the Mann-—
Whitney analysis. Associations between baseline characteristics and outcomes were explored using
Spearman test. All statistical analyses were performed using SPSS software (SPSS Inc., Chicago, IL,
USA), with a significance threshold set at p < 0.05.

3. Results

3.1. Participant Characteristics

Between February and August 2021 —corresponding to the latter half of the third to the middle
of the fifth COVID-19 wave in Japan—73 newly hospitalized patients were referred to PR. Following
eligibility screening (Figure 1), 40 patients were excluded: 13 due to difficulty with exercise, 12 with
dementia and severe frailty, 11 with significant exertional hypoxemia, 2 without physician
authorization, and 2 due to language barriers. An additional 6 patients refused to participate. In total,
26 patients provided consent. Of these, three later withdrew due to worsening symptoms (e.g.,
disease progression, nausea/dizziness, or bradycardia), resulting in 23 participants who completed
the program.
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Figure 1. Flow of participants through the study.

COVID-19, coronavirus disease 2019.

Baseline demographic and clinical characteristics are summarized in Table 1. While three
participants had obstructive sleep apnea, none had chronic respiratory comorbidities such as COPD,
asthma, or interstitial lung disease. At admission, 65% were receiving oxygen therapy, increasing to
70% during hospitalization. All participants were administered antiviral medication. The median
(IQR) length of hospital stay was 13.0 days (12.0-19.0).

Table 1. Demographic and clinical characteristics.

All (n=23)
Age, mean * SD 60.6 +10.9
Gender, male, No. (%) 18 (78)
BMI, mean + SD 255+4.4
Smoking status, current/former/never/unknown, No. 3/9/8/3
Number of days between PCR positive and the first session, mean + SD 11.1+4.2
Comorbidities prior to COVID-19, No. (%) Hypertension 10 (45)
Diabetes mellitus 5(22)
Dyslipidemia 8 (35)
Obstructive sleep apnea 3(13)
Chronic kidney disease 3(13)
Obesity 11 (48)
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Baseline oxygen therapy, none/<5.0/25.0 L-min-, No. 8/14/1

BMI, body mass index; PCR, polymerase chain reaction; COVID-19, coronavirus disease 2019.

Participants underwent a median of 5.0 (3.0-7.0) bedside PR sessions, with an overall adherence
rate of 71%. No adverse events or dropouts occurred during either the intervention or assessments.
Desaturation (SpO2 < 90%) was observed in three participants during the initial session only. SpO2
nadir values across the initial session, final session, and isotime (the session with the lowest SpO2
nadir recorded between the initial and final sessions) are presented in Figure 2.
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Figure 2. Changes in SpO, nadir during the bedside exercise training across sessions. Box-and-whisker plots
illustrate the distribution of SpO, nadir at the initial session, isotime session (defined as the session showing the
lowest SpO; nadir between the initial and final sessions), and final session. Compared to the initial session, the
isotime session showed a decrease in the maximum, upper quartile, median, mean, and lower quartile values,
while the minimum value increased and the interquartile range narrowed. In the final session, overall

improvement was observed, with no cases of desaturation.

3.2.1. MSTST Outcomes

A significant change was observed in physical performance: the mean increase in 1IMSTST
repetitions from baseline to discharge was 7.6 (p < 0.001; Figure 3). Table 2 presents additional
comparisons of cardiorespiratory parameters and MBS scores during the IMSTST. Both SpO2 nadir
and HR peak increased significantly (p = 0.013 and p < 0.001, respectively). However, no significant
differences were seen in peak MBS scores or changes in SpO2, HR, and MBS between assessments.
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Figure 3. Increase in IMSTST repetitions between baseline and discharge. Box-and-whisker plots represent the
number of repetitions at each time point. An overall increase in performance was observed at discharge

compared with baseline.
IMSTST, 1-min sit-to-stand test.

Table 2. Comparison of cardiorespiratory parameters and modified Borg scale on IMSTST.

Baselinet Discharge p-value

SpO: nadir (%) 94 (88 - 97) 95 (92 -99) 0.013*
changes -2.5(-6.0-2.0) -1.0 (-4.0-2.0) 0.178

Heart rate peak (beat-min™) 101 (74 - 130) 125 (85 - 145) <0.001"
changes 20.0 (11 - 45) 25.5(15-59) 0.093
Modified Borg scale =~ peak 4.0 (0.0 -5.0) 3.0 (0.0-5.0) 0.213
changes 3.3(0.5-5.0) 2.0 (0.0-5.0) 0.275

IMSTST, 1-min sit-to-stand test; SpOz, oxygen saturation. Data are presented as median (range). Changes means
the increase or decrease between the resting state and nadir or peak for each parameter. * Oxygen therapy was
supplied if needed. * p <0.05.

At baseline, four participants experienced desaturation below 90% during the IMSTST despite
receiving supplemental oxygen. A significant negative correlation was found between baseline
IMSTST repetitions and their changes after PR (r = -0.662, p = 0.005; Figure 4a). Conversely, a
significant positive correlation was observed between the number of sessions completed and the
change in repetitions (r = 0.626, p = 0.010; Figure 4b).
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Figure 4. Scatter plot showing the correlation between changes in IMSTST repetitions with a) baseline IMSTST

repetitions and b) the number of sessions undertaken.

IMSTST, 1-min sit-to-stand test.
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3.3. Health-Related Quality of Life Outcomes

Table 3 shows changes in CAT scores between baseline and discharge. Total scores, as well as
individual items for cough and chest tightness, showed significant decrease.

Table 3. Comparison of total and item scores on CAT.

Baseline Discharge p-value
Total 14 (2-19) 5 (0-22) 0.014
Cough 1(0-3) 1(0-2) 0.002"
Phlegm 1(0-3) 0 (0-3) 0.054
Chest tightness 1(0-2) 0 (0-1) 0.013
Breathlessness 2 (0-4) 1 (0-4) 0.269
Activity limitation 2 (0-4) 0 (0-5) 0.298
Confidence to leave home 1 (0-5) 1 (0-5) 0.283
Sleep 2 (0-5) 1(0-4) 0.305
Emergy 1 (0-5) 1(0-3) 0.108

CAT, chronic obstructive pulmonary disease assessment test. Data are presented as median (range). *p < 0.05.

Mental health status was assessed using HADS. At baseline, 18% and 14% of participants scored
211 for anxiety and depression, respectively. While the proportion of participants with anxiety
remained similar at discharge (19%), the proportion with depression increased to 38%.

4, Discussion

This study implemented PR for non-ICU, moderately ill COVID-19 patients under isolation and
explored the safety and clinical responses using IMSTST, CAT, and HADS. All 23 patients completed
the program without adverse events or early termination, underscoring the feasibility of such
interventions even during the acute phase under isolation protocols. While the study followed a
single-arm design, our findings suggest that these simple tools can be practically utilized for
functional assessment and can reflect short-term changes in patients’ exercise tolerance, dyspnea, and
quality of life.

Although PR at the bedside has been addressed in international guidelines by the ERS/ATS,
Australian clinical practice recommendations, and Italian position statements, they primarily focus
on patients recovering from critical illness or those in subacute stages [21-23]. There is a notable lack
of concrete evidence addressing rehabilitation during the acute phase in general wards. A recent
study by Jianramas et al., which involved mild to moderate COVID-19 patients in isolated wards
similar to our setting, examined the safety of physiotherapy with different frequencies and found no
significant differences in complications, ICU transfers, or in-hospital mortality [24]. While PR is not
contraindicated in the acute phase, implementation remains challenging due to concerns over
infection control. Our study addresses this critical gap by demonstrating both the safety and
feasibility of such interventions.

Regarding safety, there were no significant adverse effects from the initial session onward, and
the intervention was initiated at a mean of 11 days post-symptom onset. This timing aligns with
previous evidence suggesting the importance of early rehabilitation within 3 weeks [25], and
complies with Chinese guidelines advising against initiating within the first 7 days [26]. Combining
this timing with a strategy of minimal yet direct contact—where physiotherapists, equipped with full
personal protective equipment, provided instruction in person—helped establish a safe and
structured protocol, which may serve as a reference for future program design.

The IMSTST proved to be a valuable assessment tool, requiring minimal space or equipment
and being executable in a short time [27]. Previous observational research proposed its utility in triage
of COVID-19 patients [28], but our study extends this by incorporating concurrent assessments of
psychological and quality-of-life parameters. A recent report by Bellone et al. also demonstrated
significant correlations between initial Barthel Index scores and functional gains, as well as between
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the number of sessions and improvements—mirroring our findings regarding baseline and change
in IMSTST and its association with the number of sessions [29]. These parallels support the
reproducibility and potential efficacy of early individualized rehabilitation under isolation for
moderately ill COVID-19 patients.

Furthermore, a significant increase in peak heart rate following the IMSTST was observed,
potentially reflecting improved cardiopulmonary responsiveness. However, autonomic
dysfunction—such as postural orthostatic tachycardia syndrome—has also been reported in the
context of post-COVID sequelae [30]. Recognizing such changes may contribute to developing safer
acute-phase interventions and more tailored post-COVID rehabilitation strategies [31].

Although the CAT was originally developed for COPD, our results indicate its applicability in
quantitatively tracking symptom changes in acute-phase, isolated patients. Previous studies have
shown its relevance in post-COVID recovery [32,33], and our findings suggest that the CAT may offer
utility not only in the chronic or recovery phases, but also during the acute stage, supporting
continuous symptom monitoring across the disease spectrum.

In terms of psychological impact, COVID-19 patients in isolation often exhibit heightened
anxiety rather than depression [34]. In our study, HADS-anxiety scores remained stable during
hospitalization, while HADS-depression scores significantly worsened. This aligns with post-
discharge follow-up data from Italian cohorts, which demonstrated greater physical recovery
compared to limited improvements in mental health-related quality of life [35]. These results
underscore the need to integrate psychological support alongside physical interventions, especially
for patients undergoing rehabilitation in isolated and stressful environments.

4.1. Study Limitations

Several limitations must be acknowledged. First, as a single-arm retrospective study,
establishing causality is inherently difficult. Second, the sample size was relatively small (n=23) and
confined to a single institution, which may limit generalizability. Third, due to the decline in isolated
COVID-19 wards, replication in multicenter studies may be challenging. Nevertheless, our findings
represent a rare and valuable documentation of early PR during the acute isolation phase of COVID-
19, potentially informing protocols for other infectious or acute respiratory conditions.

4.2. Clinical Implications

Looking ahead, the implementation model explored in this study may offer critical insights for
future pandemic preparedness. PR under infection control constraints should be considered not as
an exceptional measure, but as a fundamental component of acute care strategy during emerging
infectious disease outbreaks.

5. Conclusions

This study demonstrated the safety and feasibility of PR delivered under isolation during the
acute phase of COVID-19 in patients with moderate pneumonia. The IMSTST and CAT were
suggested to be useful tools for evaluating both physiological responses—such as heart rate and
SpO:—and subjective symptoms in the early phase of infection. A comprehensive assessment that
includes psychological aspects may also contribute to the early detection and management of
autonomic dysfunction and post-COVID conditions. These findings provide practical insights into
the implementation and evaluation of rehabilitation interventions during the acute stage of COVID-
19.
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Abbreviations

The following abbreviations are used in this manuscript:

COVID-19 Coronavirus disease 2019

PR Pulmonary rehabilitation

ICU Intensive care unit

SpO2 Oxygen saturation

MBS Modified Borg Scale

HR Heart rate

IMSTST 1-minute sit-to-stand test

CAT Chronic Obstructive Pulmonary Disease Assessment Test
HADS Hospital Anxiety and Depression Scale
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