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Trajectories of frailty, physical function, and physical 
activity levels in elderly patients with heart failure: impacts 
of interruption and resumption of outpatient cardiac 
rehabilitation due to COVID-19
Michitaka Katoa, Shintaro Onob, Hiromasa Sekob,  
Toshiya Tsukamotoa, Yasunari Kuritaa, Akira Kuboc,  
Toshiya Omoted and Shingo Omoted   

During the nationwide state of emergency, many hospitals 
could not provide outpatient cardiac rehabilitation for 
cardiac disease patients in order to minimize coronavirus 
disease 2019 (COVID-19) incidence. The purpose of this 
study was to examine the trajectories of frailty, physical 
function and physical activity levels due to interruption 
and resumption of outpatient cardiac rehabilitation by 
COVID-19 in elderly heart failure patients. Fifteen patients 
who did not attend outpatient cardiac rehabilitation during 
the state of emergency but resumed it after the state of 
emergency were included. Frailty, physical function and 
physical activity levels were assessed with the Kihon 
checklist (KCL), various tests including short physical 
performance battery (SPPB), and life space assessment 
(LSA), respectively. Objective parameters were measured 
at three points; before and after the nationwide state 
of emergency in Japan and 3 months after resuming 
outpatient cardiac rehabilitation. The post-state of 
emergency KCL score was significantly higher than the 
pre-state of emergency score (P = 0.03), whereas there 
was no significant difference in KCL between post-state 
of emergency and 3 months after cardiac rehabilitation 
resumption. SPPB and LSA scores did not change 
significantly between pre- and post-state of emergency. 

The changes in LSA from post-state of emergency to 
3 months after cardiac rehabilitation resumption tended 
to correlate with changes in KCL (r = −0.71, P = 0.11). We 
demonstrated that frailty status deteriorated significantly 
in elderly heart failure patients whose outpatient 
cardiac rehabilitation was interrupted due to COVID-
19. In addition, the frailty status showed no significant 
improvement after 3 months of resuming cardiac 
rehabilitation. International Journal of Rehabilitation 
Research 44: 200–204 Copyright © 2021 Wolters Kluwer 
Health, Inc. All rights reserved.
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Introduction
In 2020, coronavirus disease 2019 (COVID-19) evolved 
into a worldwide pandemic, dramatically interrupting tra-
ditional face-to-face healthcare services. First COVID-
19 case in Japan was reported on 16 January 2020, then, 
the incidence rate of infection gradually increased [1]. 
The government in Japan declared a nationwide state of 
emergency on 7 April 2020 and lifted it on 25 May 2020 
[2]. The Japanese Association of Cardiac Rehabilitation 
announced a statement to consider interrupting outpa-
tient cardiac rehabilitation in endemic areas of COVID-19 
in Japan [3]. Therefore, many hospitals could not provide 
outpatient cardiac rehabilitation services for cardiac dis-
ease patients in order to minimize COVID-19 incidence 
in hospitals during the state of emergency. On the other 
hand, because the statement also described that outpa-
tient cardiac rehabilitation can restart in non-epidemic 

area, some hospitals resumed outpatient cardiac rehabili-
tation after a state of emergency [3].

For elderly patients with cardiac disease who regularly 
participate in outpatient cardiac rehabilitation, interrup-
tion of cardiac rehabilitation due to COVID-19 impairs 
opportunities for regular and effective exercise therapy 
to improve physical function. A previous study reported 
that the total physical activity (physical activity) time 
was significantly decreased due to the COVID-19 pan-
demic in community-dwelling elderly Japanese adults 
[4]. Decreased physical function and physical activity are 
well known to associate with the presence of frailty [5]. 
The cessation of exercise is well known to bring about 
negative alterations of body composition and physical 
fitness, while retraining restores beneficial adaptations 
and improves them [6]. Therefore, it is important to 
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assess how the interruption and resumption of outpa-
tient cardiac rehabilitation affect frailty, physical func-
tion and physical activity levels. We hypothesized that 
interruption of outpatient cardiac rehabilitation among 
elderly heart failure patients would result in a higher 
degree of frailty and worse physical function, and the 
resumption of cardiac rehabilitation would result in 
improved status.

The aims of the study were to examine the trajectories 
of frailty, physical function and physical activity levels 
due to interruption and resumption of outpatient car-
diac rehabilitation by COVID-19 in elderly heart failure 
patients.

Methods
This was a case series study of consecutive heart fail-
ure patients who underwent outpatient cardiac rehabil-
itation at the Omote-jyunkankika Cardiovascular Clinic 
in Shizuoka, Japan, between January 2020 and October 
2020. We included 29 patients who did not attend out-
patient cardiac rehabilitation during the state of emer-
gency due to the desire or personal convenience of the 
patient or the patient’s family. Patients who were 64 years 
or younger or did not resume outpatient cardiac rehabil-
itation after the state of emergency were excluded. We 
complied with the principles of the 1975 Declaration of 
Helsinki regarding investigations in human subjects, and 
all patients were informed about the study and provided 
written consent.

Before the state of emergency, all patients were undergo-
ing a standardized cardiac outpatient cardiac rehabilita-
tion program according to the guidelines by the Japanese 
Circulation Society and the Japanese Association of 
Cardiac Rehabilitation [7, 8]. Patients attended a super-
vised outpatient cardiac rehabilitation program once or 
twice weekly and were also instructed to perform unsu-
pervised moderate-intensity walking and resistance 
exercise more than two times per week. The supervised 
outpatient cardiac rehabilitation program was a combi-
nation of endurance and resistance training, including 
ergometer cycling or treadmill walking and machine-
based strength training. Each session was 60 min, includ-
ing warm-up and cool-down. For endurance training, the 
prescribed exercise was moderate in intensity (anaerobic 
threshold measured by cardiopulmonary exercise test-
ing) and was for 30 min. For resistance training, patients 
used machines to perform 2–3 sets of a series of two 
upper-extremity and three lower-extremity exercises 
with an intensity of 40–60% of one-repetition maximum. 
As soon as the state of emergency was lifted, all patients 
resumed the same cardiac rehabilitation program. During 
all exercise programs, infection prevention measures 
were strictly implemented for the participants and staff, 
which included wearing masks, washing hands, social dis-
tancing and disinfecting equipment.

Clinical variables including age, sex, BMI, cause of heart 
failure, medications, comorbidities, biochemical data 
and echocardiographic data were obtained from medical 
records.

Objective variables in this study were frailty, physical 
function and physical activity levels. We assessed the 
frailty status with the Kihon checklist (KCL), which con-
sists of 25 items that are divided into seven domains: life-
style, motor abilities, nutrition, oral functions, seclusion, 
forgetfulness and depression [9]. On the basis of a previ-
ous study [10], we defined scores of 8 or higher as frail, 
4–7 as pre-frail and 0–3 as robust. Physical functions were 
assessed with short physical performance battery (SPPB) 
[11], handgrip [12], 5 times sit-to-stand test (5STS) [13] 
and usual gait speed (UGS) [14], on the basis of previous 
methods. Physical activity level was measured using Life 
space assessment (LSA) [15,16]. LSA has been shown to 
correlate positively with higher step counts and physical 
activity time [17]. Objective parameters were assessed 
by physical therapists and measured at three time points; 
before and after the nationwide state of emergency in 
Japan, and 3 months after the resumption of outpatient 
cardiac rehabilitation (pre-state of emergency, post-state 
of emergency, and 3 months after cardiac rehabilitation 
resumption, respectively).

Table 1 Patient characteristics

n 15

Age, years 79.7 ± 6.0
Women, n (%) 11 (73.3)
BMI, kg/m2 23.7 ± 3.5
NYHA I:2/II:9/III:4/IV:0
Cause of heart failure  
 ICM, n (%) 3 (20.0)
 Valve, n (%) 3 (20.0)
 DCM, n (%) 2 (13.3)
 etc, n (%) 8 (53.3)
Medications  
 β blocker, n (%) 11 (73.3)
 ACEI or ARB, n (%) 7 (46.7)
 Diuretic, n (%) 9 (60.0)
Comorbidities  
 Hypertension, n (%) 11 (73.3)
 Diabetes mellitus, n (%) 4 (26.6)
 Dyslipidemia, n (%) 6 (40.0)
 CKD, n (%) 7 (46.6)
 Atrial fibrillation, n (%) 8 (53.3)
 Cognitive impairment, n (%) 0 (0)
Biochemical data  
 BNP, pg/dL 195 ± 116
 eGFR, mL/min/1.73 m2 51.9 ± 19.1
Echocardiography  
 E/e’ 14.9 ± 7.0
 LVEF, % 53.2 ± 7.8
Exercise capacity  
  Peak VO

2,
 mL/kg/min 15.3 ± 5.0

Average ± SD.
ACEI, angiotensin-converting enzyme inhibitor; ARB, Angiotensin ll Receptor 
Blocker; BNP, brain natriuretic peptide; CKD, chronic kidney disease; DCM, 
dilated cardiomyopathy; E/e’, early mitral inflow velocity to mitral annular early 
diastolic velocity; eGFR, estimated glomerular filtration rate; ICM, ischemic cardi-
omyopathy; LVEF，left ventricular ejection fraction; NYHA, New York Heart Asso-
ciation functional classification; peak VO

2
, peak oxygen uptake.
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Data are presented as mean  ±  SD for continuous var-
iables and percentages for categorical variables. 
Parameters of frailty, physical function, and physical 
activity levels were compared among the three points 
using Friedman’s test, and a holm post-hoc analysis was 
also conducted if indicated. To analyze the relationship 
between physical activity level and frailty status after 
the state of emergency, the changes in LSA and KCL 
from post-state of emergency to 3 months after cardiac 
rehabilitation resumption were calculated (Δ LSA and 
Δ KCL, respectively). The relationship between Δ LSA 
and Δ KCL was assessed using Spearman’s rank corre-
lation coefficient. All analyses were carried out using 
EZR (Saitama Medical Center, Jichi Medical University, 
Saitama, Japan), which is a graphical user interface for R 
(The R Foundation for Statistical Computing, Vienna, 
Austria). In all analyses, two-tailed P values <0.05 were 
considered statistically significant.

Results
Of the 29 consecutive heart failure patients whose out-
patient cardiac rehabilitation was interrupted, 14 were 
excluded because 7 were 64 years or younger and 7 did 
not resume cardiac rehabilitation even after the state of 
emergency, and a total of 15 were deemed eligible for 
this study. Thus, the final analysis comprised 15 patients. 
Table  1 shows the patient characteristics of these 15 
patients.

Trajectories of frailty, physical function, and physical 
activity levels are shown in Table 2. With the COVID-
19 pandemic, outpatient cardiac rehabilitation was sud-
denly interrupted, and there was a shortage of medical 
staff to take objective measurements. Therefore, some 
patients were missing data on frailty, physical function or 
physical activity levels at one or more of the three time 
points: pre- and post-state of emergency and 3 months 
after cardiac rehabilitation resumption. Table  2 only 
includes patients who had data for all three time points, 
and the numbers of patients with available data are 
shown in parenthesis for each measurement. The post-
state of emergency KCL score was significantly higher 
compared with the pre-state of the emergency score 
(P = 0.03). On the other hand, there was no significant 
difference in KCL between post-state of emergency 

and 3-months after cardiac rehabilitation resumption. 
SPPB tended to deteriorate gradually from the pre-state 
of emergency to 3  months after cardiac rehabilitation 
resumption, but the changes were NS. LSA tended to 
decrease from pre-state of emergency to post-state of 
emergency, but this change was also NS. Figure 1 shows 
the proportion of patients classified as frail, pre-frail and 
robust at three time points. Proportions of frail and pre-
frail patients were highest at post-state of emergency 
among the three time points.

The relationship between ΔLSA and ΔKCL is shown in 
Fig. 2. The Δ LSA tended to correlate with Δ KCL nega-
tively (r = −0.71, P = 0.11), showing a tendency for better 
frailty status with increased physical activity level.

Discussions
The present study showed that KCL score as a parameter 
of frailty status deteriorated significantly in elderly heart 
failure patients whose outpatient cardiac rehabilitation 
was interrupted due to COVID-19. Although the frailty 
status showed no significant improvement after 3 months 
of resuming cardiac rehabilitation, there was a tendency 
for better frailty status among patients whose physical 
activity level increased.

In the present study, elderly heart failure patients whose 
cardiac rehabilitation was interrupted during the nation-
wide state of emergency tended to have lower post-state 
of emergency LSA scores, indicating lower physical 
activity. In addition, patients’ KCL scores, especially the 
seclusion domain scores, deteriorated significantly from 
pre- to post-state of emergency. These findings suggest 
that patients not only discontinued outpatient cardiac 
rehabilitation but also refrained from going outside due 
to COVID-19. Yamada et al. reported that total physical 
activity time per week significantly decreased by −26.5% 
due to the COVID-19 pandemic in community-dwelling 
older adults in Japan [4]. Decreased physical activity is a 
serious problem for elderly heart failure patients because 
low physical activity is associated with a higher risk of 
heart failure hospitalization and mortality [18]. Moreover, 
decreased physical activity is strongly associated with the 
presence of frailty [5]. Performing alternative exercise in 
their house is necessary to prevent decreasing physical 

Table 2 Trajectories of frailty, physical function and physical activity levels

 
Pre-state of 

emergency, A
Post-state of 
emergency, B

3-months after cardiac 
rehabilitation resumption, C ANOVA

Post hoc

A vs. B B vs. C C vs. A

KCL, point (n = 13) 4.8 ± 3.0 8.4 ± 4.6 6.1 ± 4.1 0.01 0.03 ー 0.07
SPPB, point (n = 12) 11.4 ± 1.2 11.1 ± 1.6 10.9 ± 1.7 0.07 ー ー ー
Hand grip, kg (n = 15) 20.8 ± 6.2 20.6 ± 5.6 19.9 ± 5.1 0.14 ー ー ー
5STS, s (n = 12) 8.1 ± 4.1 10.0 ± 4.1 8.9 ± 4.1 0.24 ー ー ー
UGS, m/s (n = 12) 1.16 ± 0.30 1.12 ± 0.27 1.09 ± 0.27 0.67 ー ー ー
LSA, point (n = 9) 84.1 ± 25.6 73.5 ± 32.3 75.7 ± 26.1 0.31 ー ー ー

LSA, life space assessment; KCL, Kihon checklist; SPPB, short physical performance battery; 5STS, the 5 times sit-to-stand test; UGS, usual gait speed.
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activity and developing frailty in these patients in the 
COVID-19 pandemic.

There were no significant changes in physical function 
measured by SPPB, handgrip, 5STS and UGS between 
the pre- and post-state of emergency. In this study, the 
average period of outpatient cardiac rehabilitation inter-
ruption was about 2  months. This interruption period 
may have been short enough to not significantly affect 

physical function. A recent study with a longer inter-
ruption of outpatient cardiac rehabilitation due to the 
COVID-19 pandemic (median 77  days) affected the 
hemodynamic response and rating of perceived exertion 
during exercise in patients, especially those ≥75 years old 
[19]. When there is a long interruption of cardiac rehabil-
itation, whether it is due to COVID-19 or not, healthcare 
staff should pay close attention to patients’ physical func-
tion and abilities to perform activities of daily living.

Fig. 1

Proportion of frail, pre-frail, and robust patients at three time points (n = 13). CR, cardiac rehabilitation.

Fig. 2

Relationship between ΔLSA and ΔKCL from post-state of emergency to 3 months after cardiac rehabilitation resumption (n = 9). CR, cardiac 
rehabilitation; KCL, Kihon checklist; LSA, Life space assessment.
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All patients included in this study resumed outpatient 
cardiac rehabilitation after the nationwide state of emer-
gency. However, 3-month cardiac rehabilitation did not 
significantly improve parameters of frailty and physical 
function. A previous study reported that exercise plus 
nutrition interventions for 6 months can help pre-frail or 
frail older adults to improve their frailty scores and phys-
ical performance [20]. Therefore, 3-months may have 
been too short to observe the effect of cardiac rehabili-
tation resumption on frailty status and physical function. 
On the other hand, the Δ LSA as a parameter of physical 
activity tended to correlate negatively with Δ KCL as a 
parameter of frailty. This suggests that increasing phys-
ical activity might be associated with improving frailty 
after a nationwide state of emergency. A recent study 
found that total time devoted to physical activity after 
the nationwide state of emergency did not recover to the 
baseline level in elderly who remained social inactive 
[21]. We should resolicit elderly heart failure patients for 
outpatient cardiac rehabilitation and promote physical 
activity at home if they continue to strictly follow the 
stay-at-home policy because staying at home may reduce 
the risk of COVID-19 infection, but decreased physical 
activity could increase the risk of heart failure hospitali-
zation and mortality in the future.

The present study has several limitations. First, this 
study investigated patients at a single cardiology clinic; 
thus the generalizability of the results may be limited. 
Second, there were some missing data due to difficulty 
in obtaining all measurements in a pandemic. Thus, 
the final sample size was very small, and the probabil-
ity of type II error may be high in this study. Third, as 
this study was a case series study, there was no control 
group, which makes it difficult to make clear conclusions. 
Finally, long-term effects of resuming outpatient cardiac 
rehabilitation after a nationwide state of emergency were 
unclear. Further studies need to clarify the long-term 
effects of the COVID-19 pandemic on the frailty status 
in these patients.

Conclusion
The present study demonstrated that frailty status might 
have worsened in elderly heart failure patients whose out-
patient cardiac rehabilitation was interrupted during the 
COVID-19 pandemic. Resumption of cardiac rehabilita-
tion and increasing physical activity might improve their 
frailty status after a nationwide state of emergency due 
to COVID-19, although 3  months was not sufficient to 
observe the effects of cardiac rehabilitation resumption.
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