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Abstract
Background: This study aimed to assess the usefulness of cardiac rehabilitation 
(CR) for older adults with heart failure (HF) who need nursing care and investi-
gate the effect of CR on cognitive function (CF) and basic activities of daily living 
(BADL).
Methods: This was a retrospective cohort study. The study included older adults with 
HF eligible for long-term care insurance in fiscal year 2014 (FY2014) as the baseline 
and followed them up until March 2018. Patients were divided into two groups, CR 
(+) and CR (−), and the changes in their CF and BADL scores over time for 3 years were 
investigated.
Results: Of the 765 patients included in the study, 36.5% performed CR. BADL scores 
in the CR (+) and CR (−) groups (mean (SE)) were 5.81 (0.26) vs. 5.87 (0.20) in FY2014, 
5.6 (0.28) vs. 5.92 (0.21) in FY2015, 5.72 (0.31) vs. 6.15 (0.22) in FY2016, and 5.64 
(0.33) vs. 6.40 (0.25) in FY2017, respectively. BADL scores worsened over time in the 
CR (−) group but had a trend to inhibit decline in the CR (+) group, and a significant dif-
ference was observed between both groups (p = 0.04). Multivariate analysis showed a 
significant difference in CR as a factor suppressing ADL decline after 1 year (adjusted 
odds ratios: 0.54, 95% confidence intervals: 0.36–0.82; p = 0.004). However, no sig-
nificant difference in the CF scores was observed.
Conclusion: CR for older adults with HF eligible for long-term care needs certification 
does not affect CF and may suppress ADL decline.
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1  |  INTRODUC TION

Japan has the highest proportion of people aged 65 years or older 
globally, and the number of patients with heart failure (HF) in Japan 
is increasing over time with aging.1 The number of invasive cardiac 
treatments such as emergency percutaneous coronary intervention 
(PCI), coronary artery bypass grafting (CABG), and valve surgery is 
also increasing with aging, and almost all types of heart diseases 
after invasive cardiac treatment may lead to HF.2,3 Many patients 
with HF are older adults, and their activities of daily living (ADL) tend 
to decrease due to age-related degenerative and disuse changes and 
cognitive decline.2–4

The medical care system in Japan is the universal health insur-
ance system that guarantees all citizens public medical insurance, 
and the long-term care insurance system is one of the self-reliance 
support systems for older adults.5 With the increase in the number 
of older adults with HF, the number of those eligible for long-term 
care insurance is expected to increase. Therefore, it is necessary to 
provide comprehensive and efficient care by combining medical care 
with long-term care to deal with the HF pandemic, which is a chal-
lenge in a super-aging society.

Cardiac rehabilitation (CR) for patients with HF proved to be use-
ful not only for facilitating early ambulation and hospital discharge 
and preventing rehospitalization but also for managing HF diseases 
and improving exercise tolerability and quality of life (QOL).6 Early 
intervention with rehabilitation is useful for older adults, prevents 
frailty, and significantly improves physical functioning.7,8 CR en-
courages early ambulation and may prevent adverse effects such 
as physical and cognitive decline caused by overstaying in bed. 
However, there are few reports of the usefulness of CR for older 
adults with HF aged 75 years or older, especially for those who re-
quire assistance with ADL such as household chores or physical ADL, 
to receive long-term care needs certification. To our knowledge, no 
previous research has investigated systematically, analyzed, and re-
ported the effect of CR in older adults with HF eligible for long-term 
care needs certification. Therefore, this study aimed to investigate 
trends in functional prognosis after CR in older adults with HF eli-
gible for long-term care needs certification and the impact of CR on 
cognitive function (CF) and ADL.

2  |  METHODS

2.1  |  Study design and data source

This was a retrospective cohort study from a combined medical 
and nursing claims database. Yokohama City is a municipality with 
the largest population in Japan after the special district of Tokyo. 
It has the largest population aged over 65 in Japan.9 Therefore, the 
healthcare database of Yokohama City (Yokohama Original Medical 
Database (YoMDB)) was used to assess the usefulness of CR for 
older adults with HF eligible for long-term care needs certification. 
YoMDB is a large medical claims database that includes residents of 
Yokohama City with the following three insurance types: National 

Health Insurance, Medical Care System for Older Senior Treatment, 
and Public Assistance. This database, built by Yokohama City, was 
approved by the Information Disclosure and Personal Information 
Protection Review Board based on the Yokohama City Ordinance. It 
can be used only by administrative officers from departments over-
seeing medical care. This database includes 68.3% of Yokohama City 
residents aged 65–69 years, 84.1% of residents aged 70–74 years, 
99.7% of residents aged 75–79 years, and 98.6% of residents aged 
>80 years. Hence, it has strong characteristics for older adults 
and is an especially reliable database for those aged >75 years.10 
Complications were identified according to the International 
Classification of Diseases, 10th Revision (ICD-10), whereas medical 
practices were identified based on Health Insurance Claims Data.

2.2  |  Study participants

Patients who were diagnosed with HF (ICD-10 codes I50.0, I50.1, 
I50.9, I11.0, I13.0, and I13.2) based on YoMDB's medical claims be-
tween April 2014 and March 2015 (the fiscal year 2014 (FY2014), 
baseline period) and underwent invasive cardiac treatment, such 
as PCI, CABG, and valve surgery, during the baseline period 
were evaluated (Appendix  A). Of these patients, those certified 
for long-term care needs in the baseline period were included in 
this analysis (Figure 1). Complications were determined based on 
the claims data before or during FY2014 and medical practices 
such as invasive cardiac treatment and intensive care unit/high 
care unit/coronary care unit (ICU/HCU/CCU) management were 
extracted based on the claims data during FY2014. Patients who 
underwent CR in the month of the invasive cardiac treatment or 
the following month during the baseline period were selected as 
the CR-conducted group (CR (+) group). To establish the CR (−) 
group comprising participants without a series of claims related to 
CR during the follow-up period, we excluded those who had made 
such claims from FY2015 to FY2017, except for FY2014, from 
the CR (−) group. CF and basic ability to perform basic activities 
of daily living (BADL) items were obtained and evaluated. Since 
YoMDB does not include information on the Barthel index, we 
selected 12 items, including transfer, moving, dietary intake, uri-
nation, defecation, oral cleanliness, body washing (bathing), face 
washing, hairdressing, wearing a jacket, wearing pants, and clip-
ping nails, evaluated in “Assistance” in the long-term care certifica-
tion information as BADL.11 CF and BADL were scored based on 
the following definitions. The scores in the baseline period were 
compared with 1 year later (April 2015–March 2016, FY2015), 
2 years later (April 2016–March 2017, FY2016), and 3 years later 
(April 2017–March 2018, FY2017), respectively. The long-term 
changes in each score of CF and BADL from FY2014 to FY2017 
were compared between the CR (+) and CR (−) groups to verify the 
usefulness of CR. Data, including “Not described items related to 
CF and BADL in the long-term care certification information dur-
ing the follow-up period,” “Death by the previous year,” and “No 
certification of long-term care needs,” were handled as missing 
values and excluded from the analysis.
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2.3  |  Definition of CF and BADL scores

One of the tools used for measuring cognitive function is the Cognitive 
Performance Scale (CPS), with studies confirming a moderate correla-
tion between the mentioned scale and the MMSE.12 Regarding three 
items of CF related to CPS on the certification survey13 in the long-
term care needs, that is, “short-term memory,” “cognitive ability,” and 
“communication ability,” short-term memory was scored with 0 points 
(no problem)/1 point (with the problem), cognitive ability with 0 points 
(independence)/1 point (with the problem), and communication ability 
with 0 points (able to communicate)/1 point (with the problem). The 
total CF score ranged from 0 points to 3 points, and 3 was considered 
the worst score. Regarding the BADL, the 12 items were evaluated 
and scored by classifying them into “not assisted” without caregiver's 
assistance (0 points) and “assisted” with some assistance (1 point). The 
total BADL score ranged from 0 points to 12 points, and 12 was con-
sidered the worst score. For each item, if the score was decreased or 
unchanged by 1 point or more compared to the FY2014 score, it was 
handled as “improvement,” and if the score was increased by 1 point 
or more, it was handled as “deterioration.”

2.4  |  Statistical analysis

Demographic data, medical history, and questionnaire scores were 
summarized using descriptive statistics. The CF and BADL score 
data were not normally distributed, so nonparametric statistical 
analysis was performed. To assess the effectiveness of CR, we ana-
lyzed changes in CF and BADL scores over time at baseline and after 
1, 2, and 3 years. Differences in the CF and BADL scores between 
the baseline and each FY were analyzed using the Friedman test, a 
nonparametric alternative to the repeated measures analysis of vari-
ance, with a p-value of ≤0.05 considered significant. Logistic regres-
sion models were used to assess the association between potential 
risk factors for functional decline and the likelihood of the CF and 
BADL scores decline in follow-ups. During multivariable analyses, 

to control for the effect of confounder effects, adjusted odds ratios 
(aORs) and 95% confidence intervals (CIs) were adjusted for age, gen-
der, stroke history, diabetes mellitus, ICU/HCU/CCU management, 
and each baseline scores. Candidate variables to be included in the 
logistic model were selected based on biological and clinical plausi-
bility as a risk factor for functional decline. To evaluate differences 
in outcomes between the baseline and each FY, respectively, and to 
identify factors independently associated with the risk of the CF and 
BADL scores changes, a multivariable logistic model was then com-
puted, including necessary variables associated with the outcome, 
and a parsimonious predictive model was obtained. All the analyses 
were performed using R software version 4.2.0 (R Core Team, 2019).

3  |  RESULTS

Of the patients with a diagnosis of HF in the medical claims for 
FY2014 and undergoing invasive cardiac treatment, 765 received 
a long-term care needs certification. The patients were followed 
up until FY2017. Baseline characteristics are shown in Table 1. Of 
the 765 patients, 401 were men (52.4%), and 364 were women 
(47.6%). The mean age was 79.9 years, with 150 patients (19.6%) 
aged ≤74 years, 416 patients (54.4%) aged 75–84 years, and 199 
patients (26.0%) aged ≥85 years; 279 patients (36.5%) underwent 
CR. Major complications were hypertension in 744 patients (97.3%), 
dyslipidemia in 469 patients (61.3%), diabetes mellitus in 388 pa-
tients (50.7%), and atrial fibrillation in 259 patients (33.9%). The 
most common invasive cardiac treatment was PCI in 545 patients 
(71.2%). The CR implementation rates were 25.3% (38/150 patients) 
in patients aged ≤74 years, 40.4% (168/416 patients) in patients aged 
75–84 years, 36.7% (73/199 patients) in patients aged ≥85 years, 
30.7% (123/401 patients) in men, and 42.9% (156/364 patients) in 
women. In addition, regarding complications and invasive cardiac 
treatment, 32.4% (140/432 patients) had acute coronary syndrome 
(ACS), 22.8% (124/545 patients) had PCI, 77.6% (52/67 patients) 
had aortic surgery, 70.7% (87/123 patients) had valve surgery, and 

F I G U R E  1  Study participants.
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60.6% (43/71 patients) had CABG. The CF rate for postoperative 
ICU/HCU/CCU management was 47.5% (227/478 patients). No dif-
ference in the CR rates depending on the degree of caregiving in CF 
and BADL was observed.

In baselines, CF scores were (mean [standard error {SE}]) 1.11 
(0.05) and BADL scores for 12 items were 5.84 (0.16). CF and 
BADL scores in the CR (+) and CR (−) groups were 1.09 (0.08) and 
1.12 (0.06) for CF and 5.81 (0.26), and 5.87 (0.20) for BADL, re-
spectively. Changes in the mean scores for CF and BADL at base-
line (FY2014) and after 1 year (FY2015), 2 years (FY2016), and 
3 years (FY2017) are shown in Figure 2A,B. The number of drop-
outs in each year for the CR (+) and CR (−) groups was 60 and 
87 in FY2015, 39 and 52 in FY2016, and 23 and 52 in FY2017, 

respectively, and excluded from the analysis. The reason for drop-
ping out was missing data, including “Not described items related 
to CF and BADL in the long-term care certification information 
during the follow-up period,” “Death by the previous year,” and 
others. CF scores in the CR (+) and CR (−) groups were 1.2 (0.09) 
vs. 1.27 (0.06) in FY2015, 1.34 (0.10) vs. 1.38 (0.07) in FY2016, 
and 1.34 (0.11) vs. 1.53 (0.08) in FY2017, respectively. BADL 
scores in the CR (+) and CR (−) groups were 5.6 (0.28) vs. 5.92 
(0.21) in FY2015, 5.72 (0.31) vs. 6.15 (0.22) in FY2016, and 5.64 
(0.33) vs. 6.4 (0.25) in FY2017, respectively. The CF scores wors-
ened over time in both groups. However, no significant difference 
was observed. As for the BADL score, worsening was over time in 
the CR (−) group but had a trend to inhibit the decline in the CR (+) 

Total sample n (%)

CR implementation

p-valueYes (%) No (%)

Total number of participants 765 279 (36.5) 486 (63.5)

Age (mean) 79.9

≤74 years 150 (19.6) 38 (13.6) 112 (23.1) 0.005

75–84 years 416 (54.4) 168 (60.2) 248 (51.0)

≥85 years 199 (26.0) 73 (26.2) 126 (25.9)

Sex

Men 401 (52.4) 123 (44.1) 278 (57.2) <0.001

Women 364 (47.6) 156 (55.9) 208 (42.8)

Complications

Acute coronary syndrome 432 (56.5) 140 (50.2) 292 (60.1) 0.008

Acute aortic dissection 105 (13.7) 67 (24.0) 38 (7.8) <0.001

Stroke 232 (30.3) 77 (27.6) 155 (22.6) 0.59

Pneumonia 171 (22.4) 63 (22.6) 108 (22.2) 0.91

Malignant tumor 162 (21.2) 54 (19.4) 108 (22.2) 0.35

Diabetes mellitus 388 (50.7) 141 (50.5) 247 (50.8) 0.94

Atrial fibrillation 259 (33.9) 111 (39.8) 148 (30.5) 0.009

Hypertension 744 (97.3) 273 (97.9) 471 (96.9) 0.45

Dementia 129 (16.9) 40 (14.3) 89 (18.3) 0.158

Chronic kidney disease 182 (23.8) 68 (24.4) 114 (23.5) 0.77

Dyslipidemia 469 (61.3) 176 (63.1) 293 (60.3) 0.45

Invasive cardiac treatment

CABG 71 (9.3) 43 (15.4) 28 (5.8) <0.001

IABP 80 (10.5) 44 (15.8) 36 (7.4) <0.001

Aortic surgery 67 (8.8) 52 (18.6) 15 (3.1) <0.001

Valve surgery 123 (16.1) 87 (31.2) 36 (7.4) <0.001

PCI 545 (71.2) 124 (44.4) 421 (86.6) <0.001

ICU/HCU/CCU management

Yes 478 (62.5) 227 (81.4) 251 (51.7) <0.001

CF score (mean, SE) 1.11 (0.05) 1.09 (0.08) 1.12 (0.06) 0.85

BADL score (mean, SE) 5.84 (0.16) 5.81 (0.26) 5.87 (0.20) 0.85

Abbreviations: BADL, basic activities of daily living; CABG, coronary artery bypass grafting; CF, 
cognitive function; CR, cardiac rehabilitation; IABP, intra-aortic balloon pump; ICU/HCU/CCU, 
intensive care unit/high care unit/coronary care unit; PCI, percutaneous coronary intervention; SE, 
standard error.

TA B L E  1  Characteristics of the study 
participants.
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group. A significant difference in yearly changes in BADL scores 
was observed between the CR (+) and CR (−) groups (p = 0.04). 
Continuous CR implementation among the CR (+) group in each 
year was 37/219 (16.9%) in FY2015, 12/180 (6.7%) in FY2016, and 
8/157 (5.1%) in FY2017, respectively.

The ORs and 95% CIs from logistic regressions that adjust for 
the patient and setting characteristics described above are shown in 
Table 2. There was a significant difference in CR in comparison with 
baseline and 1 year later as a factor suppressing ADL decline (aOR: 
0.54, 95% CI: 0.36–0.82, p = 0.004) but not in comparison with 2 
and 3 years later. However, for the CF score, there was no significant 
difference in CR in comparison with any other period.

4  |  DISCUSSION

To the best of our knowledge, this is the first study to investigate 
trends in the use of CR in older adults with HF who received long-
term care needs certification by analyzing a highly exhaustive 

real-world database in Japan. Although they received long-term care 
needs certification, CR implementation rates among them showed a 
trend similar to the implementation rates for whole patients with HF 
in Japan. The results of following CF and BADL scores longitudinally 
showed a trend to maintain BADL scores in the CR (+) group, which 
was statistically significant. However, CF scores declined over time 
regardless of the presence or absence of CR implementation, and no 
significant difference was observed between the two groups.

The study results revealed that the participation rates showed 
the same tendency as in a previous study in Japan, which reported 
that the participation rates of CR for hospitalized patients with HF 
were approximately 33%.14 However, the participation rates of CR 
for patients with ACS showed a lower tendency than those in a 
previous study in Japan.15 The participation rates of CR after PCI 
have been increasing each year; that is, 52% of patients with ACS 
who underwent the primary PCI performed CR during hospitaliza-
tion, and 15% of the stable coronary artery disease patients who 
underwent the primary PCI performed CR during hospitalization in 
Japan.15 Implementation of CR for patients with ACS may improve 

F I G U R E  2  (A) Changes in the mean 
cognitive function (CF) scores in the 
cardiac rehabilitation (CR) (+) and CR (−) 
groups at baseline (FY2014) and after 
1 year (FY2015), 2 years (FY2016), and 
3 years (FY2017). The higher score is 
worse. (B) Changes in the mean basic 
activities of daily living (BADL) scores 
in the cardiac rehabilitation (CR) (+) and 
CR (−) groups at baseline (FY2014) and 
after 1 year (FY2015), 2 years (FY2016), 
and 3 years (FY2017). The higher score is 
worse.
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exercise tolerability and QOL and reduce recurrence, coronary risk 
factors, cardiovascular death, and mortality; thus, it is recommended 
as Class I by various guidelines.16–18 In addition, acute phase CR in 
invasive cardiac treatment proved to be effective in various aspects 
such as postoperative physical function, exercise tolerability, QOL, 
ICU length of stay, rehospitalization rate, and medical costs.19

The number of CR implementations and registered instructors 
of CR in Japan is increasing yearly,20 but the implementation rates 
of CR are not so high compared with those in other countries,21 
and the overall CR implementation rates in this study were not 
very high either. This may be due to several factors that hinder CR 
implementation, such as shortage of manpower, equipment, so-
cial awareness, and economic incentives for CR.22 Although there 
was not enough evidence previously about such patients compli-
cated by frailty and sarcopenia, evidence related to the prognos-
tic improvement of CR in frailty and HF with preserved ejection 
fraction has gradually been provided.8 Because many older adults 
with HF and long-term care needs may have a high rate of co-
morbid frailty, sarcopenia, and cognitive impairment, insufficient 
evidence of the effectiveness of CR for such patients at that time 
may be a factor in the low-CR implementation rates in this study. 
However, our findings showed a statistically significant suppress-
ing ADL decline over time in the CR (+) group compared with the 
CR (−) group. Even older adults with HF eligible for long-term care 
needs certification should not hesitate to actively participate in 
CR. Implementing CR in the month invasive cardiac treatment was 
conducted or the following month may suppress the long-term de-
cline in ADLs. ADL decline is known as a key factor in defining the 
prognosis of patients with HF,23 so it may be important to conduct 
CR in older adults with HF as well, from the perspective of im-
proving the prognosis as one of the measures for HF pandemic in 
a super-aging society. Conversely, the presence or absence of CR 
implementation did not affect CF. However, a previous study re-
ported that continuous exercise therapy is effective in suppress-
ing CF decline.24 It is important to detect cognitive decline early in 
older adults with HF and prevent adverse effects. This may affect 
medication and lifestyle management and suppress disease pro-
gression and recurrence. It is necessary to consider the impact of 
continuous CR on CF in future studies.

Furthermore, it is desirable to start a comprehensive CR program 
for patients with HF in a stable phase, continue outpatient CR, and 
continue disease management after hospital discharge.25 However, 
continuous CR for outpatients in this study was rarely performed, 
similar to that in a study in Japan.14 Although implementing contin-
uous CR on an outpatient basis is important, the main problem is 
insufficient referrals for outpatient CR in the first place. Therefore, 
there is a demand for the construction of two-way cooperation be-
tween acute and convalescent hospitals that use efficient medical 
resources based on a community-based integrated care system. 
Moreover, promoting the maintenance phase CR and consider-
ing the use of CR provided in convalescent wards are necessary.26 
Cardiac telerehabilitation (CTR) can increase the low-CR implemen-
tation rates in Japan. In fact, Japan has sufficient potential to benefit 

from CTR given its developed infrastructure for telemedicine.27 To 
ensure the effective use of CTR, there is a need to improve digital 
technology, accumulate evidence, and expand the insurance system, 
as well as enhance the collaboration within good multidisciplinary 
teams for CTR, including cardiologists, paramedics, and general phy-
sicians. According to the results, because the CR was associated with 
suppressing BADL score decline only after 1 year, long-term ADL im-
provement may require not only continuous CR but also an exercise 
routine supported by a primary care doctor. Further discussion is 
needed to determine whether the suppression of ADL decline and 
prognostic improvement effects can be obtained by increasing the 
CR implementation rates and establishing a medical system that en-
ables continuous CR for outpatients. Additionally, it is important to 
perform CR effectively to have an implementation system for CR at 
each medical facility, family support, patient motivation, and so on. 
However, in this study, we have not been able to sufficiently ver-
ify their influence, so this possibility will be the subject of further 
studies.

4.1  |  Limitations

Although the results showed the importance of CR for older 
adults with HF eligible for long-term care needs certification in 
an aging society, this study has some limitations. First, YoMDB 
has the advantage of covering data on medical and long-term care 
needs certification for the entire older population in Yokohama 
City. However, because this study uses only claim data and there 
is no data about cardiac function, such as echocardiography data 
or laboratory data, HF severity cannot be evaluated. Moreover, 
the detailed program of CR is not evaluated and there may be 
variability regarding the validation of CR quality, CR continuity, 
and educational intervention in each facility. Second, because the 
characteristics and prognosis of each invasive cardiac treatment 
and cardiac disease related to the etiology of heart failure are dif-
ferent, further analysis based on basic cardiac information, such 
as arrhythmia, cardiomyopathy, and valvular disease, is needed to 
obtain more reliable results. Third, because our study focused on 
the impacts of rehabilitation after invasive cardiac treatment, a 
large number of patients were excluded from the analysis, thus the 
risk of selection bias. Furthermore, as the data of some patients 
who did not show any changes in CF and BADL have been ex-
cluded from the analytic sample, the study results could have led 
to an overestimation. Fourth, to improve the accuracy and value 
of the study results, we should have separately analyzed the CR 
for inpatient and outpatient settings. Fifth, frailty and sarcopenia 
were not identified, and the Mini-Mental State Examination and 
Barthel index, which are known as universal indices for evaluating 
CF and ADL, were also missing in the YoMDB. The BADL score 
is limited to the 12 items evaluated based on long-term care cer-
tification information. Therefore, it is difficult to state that the 
entire ADL is evaluated. Finally, other unadjusted or unmeasured 
confounding factors, such as the level of care need, the details of 
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CR, nutritional status, locomotor training, and various rehabilita-
tion measures using long-term care insurance services, might have 
affected the outcomes.

5  |  CONCLUSIONS

CR for older adults with HF eligible for long-term care needs certifi-
cation does not affect CF and may contribute to the suppression of 
ADL decline in the short term.
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APPENDIX A

PROCEDURE CODES FOR INVASIVE CARDIAC TREATMENT.

Invasive cardiac treatment Procedure codes

Aortic surgery (e.g., thoracic endovascular aortic repair, aortic aneurysm surgery) K560-00, K560-02, K561-00

Coronary artery bypass grafting K552-00, K552-02, K937-00

Intra-aortic balloon pump K600-00

Percutaneous cardiopulmonary support K601-00, K602-00

Percutaneous coronary intervention K546-00, K547-00, K548-00, K549-00, 
K550-00, K550-02

Pulmonary artery surgery K570-00, K570-02

Surgical ventricular restoration K553-02

Valve surgery (e.g., transcatheter aortic valve implantation, tricuspid surgery, percutaneous mitral 
valve repair)

K554-00, K555-00, K555-02, K556-02, 
K557-02, K557-03, K559-02, K560-
00, K569-00
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