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Abstract
Objective: This study assessed the regional disparities and the associated factors in the implementation of cardiac rehabilitation 
in Japan.
Materials and Methods: Regional disparities were investigated by comparing the number of cardiac rehabilitation units in each 
of 47 prefectures in Japan based on the National Database of Health Insurance Claims Open Data published by the Ministry of 
Health, Labour, and Welfare. The relationships between the numbers of inpatient and outpatient cardiac rehabilitation units and 
the numbers of registered instructors of cardiac rehabilitation, board-certified physiatrists, and board-certified cardiologists were 
examined.
Results: The region with the highest and lowest numbers of inpatient units showed 11,620.5 and 1,650.2 population-adjusted car-
diac rehabilitation units adjusted per 100,000 population, respectively, corresponding to a 7.0-fold difference. Meanwhile, 4,865.3 
and 238.6 units were present in the regions with the highest and lowest numbers of outpatient units, respectively, corresponding to a 
20.4-fold regional disparity. Our analysis showed that the population-adjusted number of inpatient cardiac rehabilitation units was 
significantly associated with the population-adjusted numbers of registered instructors of cardiac rehabilitation (r=0.647, P<0.001) 
and board-certified cardiologists (r=0.445, P=0.002) but only marginally associated with the population-adjusted number of board-
certified physiatrists (r=0.329, P=0.024). Moreover, the population-adjusted number of outpatient cardiac rehabilitation units was 
significantly associated with the population-adjusted numbers of registered instructors of cardiac rehabilitation (r=0.406, P=0.005) 
and board-certified cardiologists (r=0.450, P=0.002) but not with the population-adjusted number of board-certified physiatrists 
(r=0.078, P=0.603).
Conclusion: Large regional disparities were observed during the implementation of cardiac rehabilitation. Increased numbers of 
cardiac rehabilitation instructors and cardiac rehabilitation practices are expected to eliminate these regional differences in cardiac 
rehabilitation practices.
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Introduction

Cardiac rehabilitation (CR), an effective treatment for 
cardiac diseases1), is designed to promote a healthy and ac-

tive lifestyle and improve patient quality of life (QOL) by 
increasing exercise tolerance; decreasing cardiovascular 
symptoms; reducing anxiety, depression, and stress; en-
abling a return to work; and helping people to maintain in-
dependence in their activities of daily living2–4). CR reduces 
mortality by up to 25%, improves functional capacity, and 
decreases the risk of rehospitalization3, 4).

However, a 2004 nationwide survey in Japan showed 
that the rate of CR in the recovery phase after percutaneous 
coronary intervention (PCI) was as low as 20%5), suggesting 
the presence of an evidence-practice gap in CR caused by 
concerns related to patients, healthcare providers, and the 
system (environment)3). The factors associated with patient 
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participation in CR include a lack of awareness regarding 
the importance of CR6), marital status6), depression and 
chronic diseases7), sex8, 9), and age9). Similarly, the factors 
related to CR provision based on reports by health care pro-
viders include a lack of awareness of CR6) and interventions 
aimed at motivating and providing information regarding 
CR to patients9). Systemic (environmental) factors affect-
ing CR participation include the scheduling availability of 
CR8), hospital accessibility6), availability of parking at the 
hospital8), facility location, availability of public transporta-
tion8, 9), and lack of system construction that satisfies indi-
vidual needs10).

Two-thirds of Japan’s landscape consists of mountainous 
areas, which may affect the population distribution. More-
over, uneven population distributions may cause disparities 
in the number of medical facilities, quality of medical care, 
and number of medical staff. Despite the potential regional 
disparities in CR implementation, regional disparities in the 
number of CR units and their relationship to the number of 
medical staff involved in CR remain unclear.

Therefore, this study examined regional disparities in 
CR implementation throughout Japan and the human re-
source factors associated with these disparities. The infor-
mation obtained from this study provides basic data nec-
essary for establishing medical policies for cardiovascular 
diseases.

Materials and Methods
Open data

The populations of each prefecture were determined 
based on census data from October 1, 2017, from the Sta-
tistics Bureau, Ministry of Internal Affairs and Commu-
nications11). This study used open data from the National 
Database of Health Insurance Claims and Specific Health 
Checkups (NDB)12), which has been maintained by the Min-
istry of Health, Labour, and Welfare since 2008. The NDB 
open dataset contains information on >20 million health in-
surance claims and specific health checkups annually and 
has been providing data to researchers and government 
agencies since 2011.

The cardiac rehabilitation units were extracted from the 
total number of rehabilitation units in the NDB data. Inpa-
tient and outpatient cardiac rehabilitation units at authorized 
insurance medical institutions that had submitted a notifica-
tion to the Director of the Regional Health and Welfare Bu-
reau and met the facility standards specified by the Minister 
of Health, Labour, and Welfare were assessed. These units 
can be assessed when exercise therapy is performed, based 
on an appropriate exercise prescription following an evalua-
tion of cardiopulmonary function to restore cardiac function 
and prevent disease recurrence.

Cardiac rehabilitation personnel
This study assessed three cardiac rehabilitation person-

nel: registered instructors of cardiac rehabilitation (RICRs), 
board-certified physiatrists (BCPs), and board-certified 
cardiologists (BCCs). The Japanese Society of Cardiac Re-
habilitation established the RICR system in Japan in 2000. 
As of 2020, there have been 4,474 certified RICRs13), who 
aim to treat cardiovascular diseases, reduce readmissions, 
prevent recurrence, and improve QOL through comprehen-
sive CR, including the prevention of deconditioning and 
weaning after acute myocardial infarction (AMI), exercise 
therapy for patients with heart failure (HF), early weaning 
and early discharge after cardiovascular surgery, lifestyle 
guidance, nutritional guidance, and medication guidance13). 
Physicians, nurses, physical therapists, clinical laboratory 
technicians, registered dietitians, pharmacists, clinical 
engineering technicians, clinical psychologists, licensed 
psychologists, occupational therapists, or health and exer-
cise instructors can be certified as a RICR after 2 years of 
membership in the Japanese Society of Cardiac Rehabilita-
tion, submitting a case report, and passing the certification 
examination.

As of 2021, the Japanese Association of Rehabilitation 
Medicine has employed 2,612 BCPs14). The requirements 
for becoming a BCP of the Japanese Association of Reha-
bilitation Medicine include a 3-year residency program that 
covers the entire field of rehabilitation medicine, followed 
by final written and oral examinations. BCPs in Japan must 
renew their certification every 5 years.

In 2019, the Japanese Circulation Society certified 15,168 
BCCs15). After obtaining a medical license, physicians can 
apply to become a BCC by completing at least 6 years of 
clinical experience, including 3 years of training at a facility 
authorized by the Japanese Society of Cardiology.

Data description
Using NDB open data from 2017, we examined the num-

ber of inpatient and outpatient CR units and regional differ-
ences in the numbers of inpatient or outpatient CR units per 
100,000 population throughout each Japanese prefecture, as 
well as the relationships between the population-adjusted 
number of cardiac rehabilitation personnel (RICRs, BCPs, 
and BCCs) per 100,000 population and the population-
adjusted number of CR units. The correlations between 
the population-adjusted numbers of cardiac rehabilitation 
personnel (RICRs, BCPs, and BCCs) and the numbers of 
population-adjusted inpatient and outpatient CR units were 
examined.

Map creation
The regional distribution of the number of RICRs, 

BCPs, and BCCs and the numbers of inpatient and outpa-
tient cardiac rehabilitation units per 100,000 population in 
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47 prefectures in Japan were mapped using the Excel map 
coloring function.

Statistical analysis
The numbers of population-adjusted inpatient and out-

patient CR units, RICRs, BCPs, and BCCs per prefecture 
were expressed as medians (interquartile range [IQR]). 
Spearman’s rank correlation coefficient analysis was used 
to examine the associations between the numbers of RICRs, 
BCPs, and BCCs, and the numbers of inpatient and outpa-
tient CR units. Regional disparities were identified by ob-
taining the maximum and minimum numbers of CR units 
from the NDB open data for all 47 prefectures and dividing 
the maximum by the minimum. All statistical analyses were 
conducted using IBM SPSS Statistics for Windows, version 
23.0 (IBM Corp., Armonk, NY, USA), with the threshold for 
significance set at P<0.05.

Results

Each prefecture had a median of 5,380.6 (IQR 3,846.3–
6,507.3) inpatient CR units, with the largest and smallest re-
gions having 11,620.5 and 1,650.2 units, respectively, result-
ing in a 7.0-fold regional disparity (Table 1). Each prefecture 
had a median of 1,372.2 (IQR 795.3–2,074.9) outpatient CR 
units, ranging from 4,865.3 and 238.6 units, corresponding 
to a 20.4-fold disparity among regions (Table 1).

Each prefecture had a median of 3.4 (IQR 2.8–4.8) 
RICRs, ranging from 8.5 to 1.9 RICRs and corresponding to 
a 4.5-fold regional disparity (Table 2). Each prefecture had a 
median of 2.0 (IQR 1.6–2.7) BCPs, ranging from 4.8 to 0.9 
BCPs, respectively, resulting in a 5.3-fold regional disparity. 
Each prefecture had a median of 11.0 (IQR 9.2–12.7) BCCs, 
ranging from 17.9 to 6.4 BCCs, resulting in a 2.8-fold re-

gional disparity (Table 2).
Figures 1 and 2 show the population-adjusted numbers 

of RICRs, BCPs, and BCCs and the numbers of inpatient 
and outpatient CR units, colored according to the regional 
distributions for each of the 47 prefectures.

We observed significant correlations between the num-
ber of RICRs and inpatient CR units (r=0.647, P<0.001) and 
BCCs (r=0.439, P=0.002) (Figure 3). In contrast, a weak 
correlation was noted between inpatient CR units and the 
number of BCPs (r=0.329, P=0.024) (Figure 3). Moreover, 
our findings showed a significant correlation between the 
number of outpatient CR units and the numbers of RICRs 
(r=0.406, P=0.005) and BCCs (r=0.450, P=0.002) (Figure 
4). However, we observed no correlation between the num-
ber of outpatient CR units and the number of BCPs (r=0.078, 
P=0.603) (Figure 4).

Discussion

The results of this study demonstrated large regional dis-
parities in CR implementation among 47 prefectures in Japan, 
with 7- and 20.4-fold regional disparities in the number of CR 
units for inpatients and outpatients, respectively. Moreover, 
we also observed 4.5-, 5.3-, and 2.8-fold regional disparities 
in the numbers of RICRs, BCPs, and BCCs, respectively. 
Notably, the number of inpatient CR units was correlated 
with the number of RICRs and BCCs but weakly correlated 
with the number of BCPs. Finally, our results showed that the 
number of outpatient CR units was correlated with the num-
ber of RICRs and BCCs but not with the number of BCPs.

Previous studies have attributed the limited implementa-
tion of outpatient CR to the low number of facilities provid-
ing CR, poor facility locations, limited time available at the 
facilities, poor facility accessibility, and the cost of CR in-

Table 1 Population-adjusted numbers of inpatient and outpatient units per 100,000 population per 47 in each of prefectures

Minimum Median (IQR) Maximum
Regional disparity  

(Maximum/minimum)

Number of inpatient rehabilitation units per 100,000 population 1,650.2 5,380.6 (3,846.3–6,507.3) 11,620.5 7.0
Number of outpatient rehabilitation units per 100,000 population 238.6 1,372.2 (795.3–2,074.9) 4,865.3 20.4

IQR: interquartile range.

Table 2 Population-adjusted number of cardiac rehabilitation personnel per 100,000 population in each of 47 prefectures

Minimum Median (IQR) Maximum
Regional disparity  

Maximum/minimum

Number of registered instructors of cardiac rehabilitation per 
100,000 population

1.9 3.4 (2.8–4.8) 8.5 4.5

Number of board- certified physiatrists per 100,000 population 0.9 2.0 (1.6–2.7) 4.8 5.3
Number of board- certified cardiologists per 100,000 population 6.4 11.0 (9.2–12.7) 17.9 2.8

IQR: Interquartile range.
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Figure 1 Geographic distribution of the number of cardiac rehabilitation personnel per 100,000 population in 47 prefectures.
(a–c) Distributions of the numbers of registered instructors of cardiac rehabilitation, board-certified physiatrists, and board-
certified cardiologists, respectively, per 100,000 population in 47 prefectures. Pink to red colors: minimum to maximum. 
Middle value: median.

Figure 2 Geographic distribution of the numbers of inpatient and outpatient rehabilitation units per 100,000 population in 47 prefec-
tures.
(a, b) Distributions of the numbers of inpatient and outpatient rehabilitation units per 100,000 population in 47 prefectures, 
respectively. Pink to red colors: minimum to maximum. Middle value: median.
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cluding out-of-pocket and transportation costs16). One study 
showed that 80.4% and 56.5% of patients with chronic heart 
failure underwent inpatient and outpatient CR, respective-
ly17). Another study showed that 7.3% of patients with heart 
failure who received inpatient CR underwent outpatient CR 
after hospital discharge, suggesting low outpatient CR pro-
vision rates17). Consistent with these reports, the results of 
the current study showed that outpatient CR was performed 
less frequently than inpatient CR. The difficulty in shifting 
from inpatient to outpatient CR may be one explanation for 
the low number of outpatient CR units.

One study showed that attending physician recommen-
dation was the most important factor affecting outpatient 
CR participation among older cardiac patients18). BCCs un-
dergo training at facilities certified by the Japanese Circula-
tion Society; these facilities have high implementation rates 
for inpatients (86.3%) and outpatients (60.4%) CR17). BCCs 
who were educated on CR during their training were more 
likely to recommend CR for outpatients with cardiac diseas-
es, suggesting a stronger association between the numbers 

of outpatient CR units and BCCs.
A previous study showed that skilled healthcare provid-

ers play an important role in promoting heart failure care17). 
In recent years, outpatient CR has been critical in provid-
ing shorter hospitalizations and discharge of patients with 
heart disease who have received insufficient CR during 
their hospitalization. We believe that increasing the number 
of RICRs familiar with CR requires increasing the imple-
mentation of outpatient CR. Estimates have shown that the 
number of RICRs increases by approximately 500 to 600 
annually13). An increased number of RICRs could reduce re-
gional disparities in the number of outpatient CR units.

As the NDB database used in this study contains health 
insurance claims for over 90% of the entire Japanese popu-
lation, information on almost all CR implementation units 
can be extracted, thereby reducing information bias.

However, the current study has several limitations. First, 
given the ecological study design, there are concerns re-
garding ecological fallacy. Moreover, the data for an entire 
prefecture may not always apply to an individual hospital. 

Figure 3 Correlation between the number of inpatient cardiac rehabilitation units and the number of cardiac rehabilitation personnel.
(a–c) Correlations between the numbers of registered instructors of cardiac rehabilitation, board-certified physiatrists, 
and board-certified cardiologists, respectively per 100,000 population and the number of inpatient rehabilitation units per 
100,000 population.
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Second, the RICR system is unique to Japan, which lim-
its the generalizability of our results to other countries. In 
other countries without similar systems, nurses18), exercise 
physiologists, and physical therapists19) perform this role, 
suggesting the need to investigate the involvement of CR-re-
lated professions in different countries. Third, we could not 
investigate other factors that could affect regional dispari-
ties, such as the residential environment and transportation 
methods. Fourth, our database did not include the diagnosis, 
severity, or treatment of cardiac diseases.

Conclusion

The results of the current study demonstrated large re-
gional disparities in CR implementation. Our results also 
showed a correlation between the number of RICRs and 
rehabilitation units, suggesting that increasing the number 
of RICRs could promote increased CR provision in each re-
gion.
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