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INTRODUCTION

Peripheral arterial disease (PAD) affects more than 200 
million people worldwide, primarily older adults, and its 
incidence is increasing.1) PAD typically results in limb-
related complications, such as intermittent claudication, 
lower-extremity pain at rest, and ischemic ulcers, leading 
to reduced physical activity and decreased activities of 
daily living (ADL).2) Decreased gait ability associated with 
PAD also increases the number of patients needing nursing 
care.3) In addition, patients with PAD suffer from systemic 
atherosclerosis and have a high incidence of cerebrovascular 
disease and myocardial infarction.4)

The benefits of rehabilitation and exercise therapy for 
patients with PAD are widely known. Active gait training is 

always recommended from initial treatment through to after 
surgery and endovascular treatment.5) Several studies have 
investigated the effectiveness of postoperative rehabilitation 
for patients with PAD, but they were conducted in the outpa-
tient setting after hospital discharge.6)

Approximately 30% of older adults with independent ADL 
on admission develop hospital-associated disability (HAD), 
implying a decline in ADL after admission.7,8) Patients who 
develop HAD are often readmitted to the hospital after 
discharge and often require discharge to a long-term care fa-
cility. Therefore, HAD is strongly associated with increased 
medical care costs; thus, countermeasures are needed.9,10) 
The activity of inpatients is often considerably reduced, 
and lower activity levels during hospitalization have been 
linked to the onset of HAD.11) Inpatient rehabilitation has 
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Objectives: The prevalence of peripheral arterial disease (PAD) is on the rise, with endovascular 
treatment being a widely accepted surgical intervention. Patients with PAD often experience 
reduced activities of daily living (ADL). Therefore, we conducted a retrospective cohort study 
to investigate the impact of early rehabilitation after endovascular treatment in patients with 
PAD. Methods: Using data from the JMDC hospital database, the study included 529 patients 
who were hospitalized for PAD and underwent endovascular treatment. Patients were classified 
into two independent variables: early rehabilitation group (rehabilitation started within 2 days 
postoperatively) and control group (rehabilitation started within 3–7 days postoperatively). The 
outcome measures were the occurrence of hospital-associated disability (HAD) and duration of 
hospitalization. Results: Unadjusted data showed that the early rehabilitation group (n=469) had 
fewer HAD events (8.5% vs. 23.3%, P <0.001) and a shorter mean hospitalization duration (4.4 
vs. 18.9 days, P <0.001) than the control group (n=60). The difference remained significant after 
adjustment by propensity score analysis. Conclusions: In patients with PAD, early rehabilitation 
after endovascular treatment may be beneficial in preventing the development of HAD and reduc-
ing the duration of hospitalization.
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been reported to be potentially effective in mitigating the 
development of HAD.12,13) Patients with PAD also experi-
ence decreased mobility and ADL following acute treat-
ment, and the medical costs associated with hospitalization 
are increasing.14,15) In several diseases, early rehabilitation 
after surgery can effectively maintain physical function 
and ADL.16) Although early rehabilitation after surgery for 
patients with PAD may also reduce HAD, its effect has not 
yet been investigated.

Surgical treatments for PAD include bypass surgery and 
endovascular treatment using catheters. These methods are 
equally effective, but endovascular treatment, which can 
be performed under local anesthesia, is less invasive than 
bypass surgery, which requires general anesthesia.17) Less 
invasive treatment is important for older patients with PAD, 
and, in recent years, endovascular treatment has become the 
first choice of several facilities and has been performed in an 
increasing number of cases.18,19)

Some reports indicate that even brief periods of hospital-
ization carry a risk of the onset of HAD. Patients with PAD, 
typically inactive before admission, are at risk of developing 
HAD even with less invasive endovascular treatment.8) In 
this study, we utilized a large inpatient database to inves-
tigate the impact of early rehabilitation after endovascular 
treatment on the outcomes of patients with PAD.

MATERIALS AND METHODS

Data Source
This study used a hospital-based database created by 

JMDC (Tokyo, Japan). The JMDC database is an epide-
miological database that has been accumulating medical 
information requests and Diagnosis Procedure Combination 
(DPC) survey data from contracted hospitals since 2014. 
As of August 2020, the JMDC database contained informa-
tion from approximately 12 million patients.20) The DPC 
database is based on a medical payment system that was 
introduced in Japan in 2003.21) It includes data such as insti-
tutional information, patient age, sex, diagnoses based on the 
International Classification of Diseases Version 10 (ICD-10) 
codes, surgeries and procedures performed, medications, 
special reimbursement for specific diseases, hospitalization 
duration, and ADL index.22) JMDC maintains a database of 
medical claims from 400 hospitals. These data can be tracked 
even if the patients are transferred to another hospital or if 
they use multiple facilities.23)

Diagnoses were defined according to ICD-10 and the 
Medical Information Systems Development Center (MEDIS-

DC). MEDIS-DC is a Japanese foundation that supports the 
introduction and updating of medical information systems, 
standardizes medical information, and creates and manages 
ICD10-compliant standard disease names corresponding to 
ICD-10.24) Given that all data were anonymized, the require-
ments for consent and approval were waived. In addition, the 
Ethics Committee of our institution determined that studies 
using the JMDC database do not require ethical review.

PAD
Using the JMDC survey data (April 2014 to August 2020), 

we collected information for patients admitted to hospital 
with PAD diagnoses (ICD-10 code: I702) and received 
endovascular treatment only. The following patients were 
excluded: those who did not undergo rehabilitation within 
0–7 days after endovascular treatment and those for which 
ADL data were missing for admission or discharge. We 
considered that if patients who started rehabilitation much 
later were included, causal inference would not work well 
because of causal inversion. To maintain internal validity, 
we excluded patients whose rehabilitation commenced more 
than 8 days after surgery.

Rehabilitation
All rehabilitation types and intensities were covered by 

physiotherapists and occupational therapists. In Japan, the 
rehabilitation cost is reimbursed by the national health in-
surance system based on the number of rehabilitation units, 
where 20 min of rehabilitation is equivalent to 1 unit.25) 
Therefore, only data on the number of rehabilitation units 
and the dates performed were available in the administrative 
claims database. The specific indications of rehabilitation for 
patients with PAD were left to the discretion of the attending 
physician.

Endovascular Treatment
In the Japanese reimbursement system, vasodilatation and 

thrombectomy of the extremities are assigned the code K616. 
Patients who received this treatment were included in this 
study. However, we excluded those who underwent other 
spectroscopic surgery types or who received invasive treat-
ment for comorbidities.

Selection of Variables
The primary independent variable was the number of 

days between endovascular treatment and the introduction 
of rehabilitation. We divided the included patients into two 
groups: the early rehabilitation group (rehabilitation started 
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within 0–2 days after endovascular treatment) and the 
control group (rehabilitation started within 3–7 days after 
endovascular treatment). The study outcomes were HAD de-
velopment and hospitalization duration. In this study, HAD 
was defined as a decrease in ADL at discharge compared 
with ADL at admission.26,27)

Covariates
Rehabilitation-related covariates were sex, age, ADL at 

admission (Barthel Index), number of days to surgery after 
admission, Body Mass Index (BMI), Charlson Comorbidity 
Index (CCI), place of living before admission, number of 
beds, and admission year. These parameters were obtained 
from hospitalization insurance claims. Barthel Index is 
a scale used to evaluate ADL, and is expressed on a scale 
of 0–100, with higher scores indicating more independent 
ADL.28) CCI is a weighted index that combines the number 
and severity of complications; it is highly reliable, with 
higher scores indicating higher mortality.29)

Statistical Analysis
Baseline characteristics are expressed as mean (± stan-

dard deviation; SD) for continuous variables and as number 
(percentage) for categorical variables. To compare between 
groups, we used the t-test for continuous variables and the 
χ2 test for categorical variables. Outcomes were compared 
using inverse probability weighting (IPW) with propensity 
scores to determine the association between the outcome 
and the number of days the rehabilitation started after en-
dovascular treatment. Propensity scores were estimated by 
logistic regression analysis, with early rehabilitation as the 
dependent variable and age, sex, Barthel Index at admission, 
number of days to surgery after admission, BMI, number of 
beds, place of living before admission, CCI, and admission 
year as baseline covariates. IPW is widely used to correct 
for selection bias and covariate imbalance in observational 
studies. It employs logistic analysis with covariates to esti-
mate the probability of each patient being assigned to the 
intervention group (propensity score).30) We calculated the 
C statistic from the area under the ROC curve using the 
propensity score and covariates to assess the adequacy of 
the model for propensity score analysis.31) The inverse of the 
propensity score is used to weigh each individual to reduce 
patient background bias.32) Statistical significance was rec-
ognized for P<0.05. All statistical data were analyzed using 
SPSS version 25.0 (IBM, Armonk, NY, USA).

RESULTS

A total of 881 patients with PAD were admitted for 
scheduled hospitalization, receiving endovascular treatment 
followed by rehabilitation within the study period. We ex-
cluded patients with a missing Barthel Index at admission 
or discharge (n=56) and those who underwent rehabilitation 
other than 0–7 days postoperatively (n=296 patients). Finally, 
529 patients were included in this study (Fig. 1).

Table 1 shows the patient characteristics. The mean num-
ber of days to start rehabilitation after surgery was 0.84 days 
in the early rehabilitation group and 4.28 days in the control 
group. Overall, 69.8% of the patients were men, the mean age 
was 74 years, the mean Barthel Index on admission was 93, 
most of the patients were independent in ADL, and 13.6% 
were underweight (BMI ≤18.5 kg/m2). The mean number 
of days to endovascular treatment from admission was 1.2 
days. Barthel Index at admission, number of days before 
operation, BMI, place of living before operation, and number 
of hospital beds showed significant difference between the 
groups. After weighting by IPW, Table 1 demonstrates bal-
anced background characteristics, with a C statistic of 0.783 
suggesting model adequacy.33) Standardized differences 
post-IPW were <0.25, which meet balancing standards.34)

Table 2 shows the outcomes between the two groups. The 
early rehabilitation group had significantly shorter hospital-
ization duration (4.4 vs. 18.9 days) and significantly lower 
incidence of HAD development (8.5% vs. 23.3%) than the 
control group. After the application of IPW, hospitalization 
duration was still significantly shorter (4.9 vs. 19.8 days) and 
the incidence of HAD development remained significantly 
lower (9.0% vs. 18.7%) in the early rehabilitation group than 
in the control group.

DISCUSSION

This study used a national inpatient database to investigate 
the association between the time to start rehabilitation after 
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Fig. 1. Flowchart of patient selection process.
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endovascular treatment, hospitalization duration, and HAD 
development in patients with PAD. Results showed that the 
group that started rehabilitation earlier after endovascular 
treatment had lower incidence of HAD development and 
shorter hospitalization duration.

Recommended as first-line treatment in all major guide-
lines, exercise-based rehabilitation for PAD improves patient 
walking ability and the overall quality of life regardless of 
the presence or degree of PAD symptoms.5) Therefore, the 
benefits of exercise in PAD are multifaceted. Mechanisms 
underlying these improvements include expanded circulatory 
capacity, decreased blood viscosity, enhanced mitochondrial 
function, recovery from metabolic muscle disease, and al-
leviation of endothelial inflammation. Exercise can also help 
to alleviate several PAD-exacerbating risk factors, such as 
adipose tissue mass, poor glycemic control, and hyperten-
sion.35)

Our study is consistent with previous studies that de-
scribed the feasibility of postoperative rehabilitation in 
patients with lower-extremity PAD without a concurrent 
increase in adverse events.36) A previous study on functional 
prognosis after angioplasty for patients with lower-extremity 
PAD reported that 88% of these patients could walk before 
the operation, 82.7% could maintain their walking ability, 
and 84.5% could independently perform ADL.37) Although 
strict comparisons cannot be made because of varied patient 
characteristics, the fact that more patients in the early reha-
bilitation group in our study maintained their ADL than in 
the previous study indicates that early rehabilitation is useful 
in maintaining ADL.

Despite being able to walk preoperatively, symptomatic 
patients with lower-extremity PAD often show decreased 
walking distance and activity after treatment.38) Bed rest 
causes many adverse events, including muscle weakness, 
and early postoperative rehabilitation may lead to earlier 
gains in ambulation and shorter hospitalization duration by 
improving disuse caused by pre-morbid inactivity.39)

On average, postoperative rehabilitation for the early re-
habilitation and control groups commenced approximately 3 
days after surgery. Low activity during hospitalization, even 
for a short period, can cause HAD.8) Therefore, early reha-
bilitation may benefit ADL maintenance and contribute to 
shorter hospital stays by promoting increased activity levels 
and accelerated mobility.

Given that endovascular treatment for patients with PAD is 
widely considered as the first choice for surgical treatment, 
the implications of this finding are profound and relevant for 
both clinicians and policymakers. Early rehabilitation, initi-
ated within 0–2 days after endovascular treatment, may help 
reduce the risk of developing HAD and shorten the duration 
of hospitalization, thereby preserving patients’ quality of life 
and counteracting increasing healthcare costs.

Limitations
This study had some limitations. First, we did not obtain 

information on the clinical severity of PAD, such as the 
Fontaine or Rutherford classification. In addition, we did 
not acquire measures of walking ability commonly used in 
clinical practice, such as the 6-min walk test, and mobility 
was assessed inclusively as an ADL. Therefore, we could not 
evaluate or provide correction for variables that might have 
impacted the results. Second, information on the rehabilita-
tion treatment undertaken by the patients was limited to the 
number of rehabilitation units and the start date. Information 
on the content, intensity, and type of rehabilitation provided 
was unavailable. Third, decisions about whether rehabilita-
tion was to be provided (and its timing) were made by indi-
vidual clinicians according to their own judgment. Fourth, 
we restricted eligibility to patients initiating rehabilitation 
within 0–7 days after surgery to ensure internal valid-
ity, leading to the exclusion of 296 patients. Despite these 
measures to uphold internal validity, the exclusion of a large 
number of patients may have impacted the data quality.
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Table 2. Outcomes before and after adjustment by IPW

Outcome
Unadjusted Adjusted by IPW

Overall Control group Early rehabilitation 
group

P value Control group Early rehabilitation 
group

P value

Hospitalization 
duration, days

6.1 (±9.9) 18.9 (±21.7) 4.4 (±5.2) <0.001 19.8 (±27.2) 4.9 (±6.0) <0.001

Hospital- 
associated  
disability, n (%)

54 (10.2) 14 (23.3) 40 (8.5) <0.001 90 (18.7) 48 (9.0) <0.001
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CONCLUSION

Early rehabilitation after endovascular treatment for PAD 
was associated with shorter hospitalization duration and 
fewer HAD events. Further research, including randomized 
controlled trials, is needed to confirm the effect of providing 
rehabilitation to patients admitted for PAD.
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