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Aim: To examine the association of the amount of rehabilitation with functional
gains of elderly stroke patients at a convalescent rehabilitation ward using propen-
sity score analysis methods and the Japan Rehabilitation Database.

Methods: This study was a retrospective cohort study. From the database, 6875
patients who were admitted to the convalescent rehabilitation wards with stroke
were identified. After excluding 4586 patients, 2325 were eligible for the study.
Intensive rehabilitation therapy (IRT) was defined as rehabilitation therapy of more
than 15 hours per week by a physical therapist, an occupational therapist, and/or a
speech therapist. Functional Independence Measure (FIM) gain, discharge rate to
home, and FIM efficiency were examined using student’s ¢ test and the X2 test after
inverse probability weighting (IPW).

Results: IRT was provided to 862 patients (37.1%). The unadjusted data showed that
patients in the IRT group had a longer hospital stay, more physical therapy, occupa-
tional therapy, and speech and language therapy. After adjustment for IPW, the
baseline characteristics were found to be closely matched between the 2 groups.
The IRT group showed significantly higher motor FIM gain, cognitive FIM gain,
FIM gain, and discharge rate to home.

Conclusions: The present study demonstrated that a longer rehabilitation time per
week was associated with increased functional gain in elderly stroke patients at
convalescent rehabilitation wards.
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Introduction

Rehabilitation therapy is important for stroke patients.
The Centers for Medicare and Medicaid Services (CMS)
reported that stroke patients need to receive a minimum
of 3 hours of therapy for at least 5 days or a minimum of
15 hours over 7 days.' No study has yet been published
that provides evidence to support the CMS 3-hour rule
requirement. In Japan, convalescent rehabilitation wards
are the main system providing inpatient rehabilitation
facilities covered by the medical insurance system.
Patients who still need assistance in activities of daily liv-
ing, after acute treatment, are transferred to these rehabili-
tation wards.” The maximum length of stay (LOS) and
amount of exercise with therapists covered by insurance
are limited. In the Japanese medical insurance system,
the maximum LOS for stroke patients is 180 days and the
maximum rehabilitation time for stroke patients is 3 hours
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of rehabilitation per day, including weekends (21 hours
per week). Previous studies have demonstrated that the
amount of therapy a patient receives is related to out-
comes such as independence in ambulation and ambula-
tion distance,’ independence in activities,* and chances of
discharge to home.” Several recent studies reported the
positive effects of daily rehabilitation treatment time on
functional improvement of patients, who suffered a
stroke, at an inpatient rehabilitation hospital.(”8

However, the determination of the amount of rehabili-
tation is left to the discretion of the physician and/or the
therapist. For example, patients with a low capacity of
activities for daily living are more likely to have a
decreased amount of rehabilitation and such patients are
also more likely to have decreased functional gain. Thus,
the selection treatment is confounded by patient factors
that are also related to outcomes. Most of the studies cited
were not able to adjust comprehensively for the variety of
factors that influence the amount of rehabilitation. It
appears difficult in practice to conduct a randomized con-
trolled trial to examine the effects of increasing the
amount of rehabilitation; instead, a large-scale retrospec-
tive cohort study, using the propensity score (PS)analysis
methods, is a feasible alternative to a randomized con-
trolled trial. We examined the associations of the amount
of rehabilitation with functional gains in elderly stroke
patients at the convalescent rehabilitation ward using the
PS analysis methods and the Japan Rehabilitation Data-
base.

Methods
Data Source

The Japan Rehabilitation Database was established with
financial support from the Ministry of Health, Labor, and
Welfare of ]apan.g The database contains detailed data
collected on patients who were admitted to the participat-
ing hospitals during the period between January 2005 and
March 2016, and was constructed with voluntary samples,
not random samples. It is divided into different sections
based on the diagnosis, such as stroke, spinal code injury,
femoral neck fracture, and other disorders. The database
for stroke patients includes the identifiers of the following
patient characteristics: age, gender, LOS at the acute hos-
pital and the convalescent rehabilitation wards, admission
days from stroke onset, type of stroke, daily rehabilitation
therapy, and Functional Independence Measure (FIM)
scores. The medical staff at each participating hospital
recorded the data and submitted them through the inter-
net to the office of Japan Association of Rehabilitation
Database. In total, data from 80 participating hospitals
has been added to the structured data for 35,657 patients
as of 2016. To preserve anonymity, personal data were
coded and all individually identifiable information was
removed. The study was approved by the Institutional
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Review Board of the Japanese Association of Rehabilita-
tion Medicine.

Subjects

This study included patients admitted to the conva-
lescent rehabilitation wards” of 42 participating rehabilita-
tion hospitals with a diagnosis of stroke between January
2005 and March 2016, sourced from the Japan Rehabilita-
tion Database. The inclusion criteria for the patients were:
(1) they were aged more than equal to 65 years; (2) they
stayed less than 180 days; (3) they had complete data.

Rehabilitation Program

The intensive rehabilitation therapy (IRT) group was
defined as the stroke patients who received more than
15 hours of rehabilitation therapy per week (=15 hours)
by physical therapist, occupational therapist, and/or
speech therapists. The subjects of the usual rehabilitation
(UR) group received less than 15 hours of rehabilitation
therapy per week (<15 hours). The Japanese public health
insurance system reimburses rehabilitation performed by
physical, occupational, or speech therapists when the
patient receives rehabilitation therapy for 7 days a week.

Outcome Measurements

The primary clinical outcome was the FIM gain (dis-
charge FIM - admission FIM). The FIM is a reliable, vali-
dated indicator of activities of daily living that has 13 items
regarding motor function and 5 items regarding cognitive
function.'’ Each item is given 1-7 points, from “total assis-
tance” to “complete independence”. Total scores range
from 18 to 126, with higher scores indicating greater inde-
pendence. The secondary clinical outcomes were discharge
rate to home and FIM efficiency (FIM gain/LOS).

Statistical Analysis

The data are presented as mean and standard deviation.
The demographic and clinical characteristics between 2
groups were compared using Student’s f test or X2 test.
The PS was calculated using a multivariable logistic
regression model with the 2 groups as the dependent vari-
ables, and age, FIM at admission, motor FIM at admis-
sion, days from injury, past history of stroke, and affected
sides as independent variables. The inverse probability
weighting (IPW) was then calculated using PS. IPW is a
method that uses weights based on the PS to create a syn-
thetic sample in which the distribution of measured cova-
riates is independent of the treatment assignment. IPW
attempts to simulate a randomized experimental situa-
tion, in which both groups are comparable in observed
prognostic factors. The C-statistic for goodness of fit
was .72 in the propensity-score model. The IRT group
was weighted by the inverse of the PS, and the UR group
was weighted by the inverse of 1 minus the PS. The
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descriptive statistics for all patients, either with or without
IPW adjustment, were performed to check covariate bal-
ance and estimate influence. Student’s ¢ test and the x2
test were used to compare IRT and UR groups. A P value
of <.05 was considered statistically significant. All statisti-
cal analyses were performed using the SPSS 25.0 (IBM
SPSS Inc., Armonk, NY).

Results

From the database, 6875 patients who were admitted to
the convalescent rehabilitation wards with stroke were
identified. After excluding 4586 patients, 2325 patients
were eligible for analysis (Fig. 1). Table 1 presents the clin-
ical characteristics of the study patients, and for IRT and
UR groups before and after IPW adjustment. IRT was pro-
vided to 862 patients (37.1%). The unadjusted data
showed that patients in the IRT group had a longer hospi-
tal stay, more physical therapy, occupational therapy, and
speech and language therapy. After adjustment for IPW,
baseline characteristics were found to be closely matched
between the 2 groups. Table 2 shows outcomes for the
IRT group and UR groups. Compared to the UR group,
the IRT group showed significantly higher cognitive FIM
gain before IPW adjustment. After adjustment for IPW,
the IRT group showed significantly higher motor FIM
gain, cognitive FIM gain, and FIM gain. Compared to the
UR group, the IRT group showed significantly lower
motor FIM efficiency and FIM efficiency before IPW
adjustment. In contrast, the IRT group showed signifi-
cantly higher motor FIM efficiency and FIM efficiency
after IPW adjustment. The IRT group had a higher rate of
discharge to home than did the UR group before and after
IPW adjustment.

Discussion

The present retrospective cohort study was conducted
to investigate the association of the amount of rehabilita-
tion with functional gains of elderly stroke patients at con-
valescent rehabilitation wards using PS analysis methods.

Registered stroke patientsin hospitals N = 6875

Exclusion

2405 were aged < 65 years

797 not stayed less than 180 days
1384 had not complete data

Eligible patients N = 2325

Figure 1. Flow chart of patient selection.
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The result based on the database we used showed that
longer rehabilitation time per week was associated with
increased FIM gain. First, we assessed rehabilitation out-
comes using a standard Student’s ¢ test analysis among all
patients. Subsequently, we performed PS analysis (IPW
method). The results were essentially unchanged, with
IRT for elderly stroke patients at convalescent rehabilita-
tion associated with good rehabilitation outcomes.

Many studies have showed the positive association
between a longer rehabilitation treatment time per day
and functional gains of stroke patients.”'" Wang et al'?
showed that the daily treatment time of physical therapy,
occupational therapy, and speech and language therapy
was also significantly associated with functional gains.
Jette et al'’ reported that longer daily treatment durations
of physical and occupational therapy were associated
with increased FIM score and mobility function of
patients who had suffered a stroke and that longer daily
treatment durations of OT and SLT were associated with
better improvement of cognitive function of patients who
had experienced stroke, in skilled nursing facilities. How-
ever, these studies had small sample sizes and selection
bias was not adjusted. Participation with rehabilitation
time can be affected by patient characteristics, affected
side, severity of medical conditions, and initial functional
status. Previous study showed that the patients who
received therapy less than 3.0 hours per day were older,
had a higher percentage of men than were patients who
received therapy more than equal to 3.0 hours per day.'”
Therefore, we performed PS analysis to reduce selection
bias by IPW in the present study. PS analysis requires a
large sample size to gain statistically reliable results'?; this
was made possible by the use of the Japan Rehabilitation
Database, which contains a large proportion of the stroke
rehabilitation population.

Although there is evidence of a dose-dependent rela-
tionship between intensity of rehabilitation therapies and
functional recovery following stroke,’™!¢ the optimal
amount of therapy a given stroke patient should receive
on a daily basis during inpatient rehabilitation remains
unknown. Many national organizations have compiled
variations of a best practice guideline document intended
for use by healthcare providers. CMS reported that stroke
patients are required to receive a minimum of 3 hours of
therapy for at least 5 days or a minimum of 15 hours over
7 days.' In the UK guidelines for stroke, it is recom-
mended that people with stroke should accumulate at
least 45 minutes of each appropriate therapy every day.'”
In the Australian guidelines for stroke, it is recommended
that rehabilitation therapy should be provided to stroke
survivors for a minimum of 3 hours per day, with at least
2 hours of active task practice.'® Our results supported
the importance of the CMS 3-hour rule at convalescent
rehabilitation wards.

Previous studies have demonstrated that inpatient
stroke rehabilitation has been shown to positively affect



Table 1. Patients’ characteristics

Unadjusted Adjusted by IPW

Total (n=2325) IRT group (n=862) UR group (n=1463) P value Total (n=2325) IRT group (n=862) UR group (n=1463) P value

Age (y) 76.8 +7.1 77.1+£7.0 76.7+ 7.0 21 76.8 + 7.1 76.8 £7.0 76.8 £ 7.1 .90

Female (n) 1117 (46.3%) 418 (47.4%) 699 (45.7%) 42 1076 (46.3%) 679 (46.4%) 397 (46.1%) .81

Time to admission after onset (d) 33.1+214 3354+ 19.8 3294222 46 329 +21.1 32.74+20.4 33.0+21.8 .60

Motor FIM score at admission 40.9 £22.5 41.1£22.7 40.7£223 .69 409 £22.6 409 £229 409 +223 .95

Cognitive FIM score at admission 20.2 £ 8.9 20.1 = 8.8 20.3+9.0 .61 20.2 + 8.9 20.2 +£9.0 20.24+9.0 93

FIM score at admission 61.1 +£29.0 61.24+293 61.1 +28.8 .94 61.1 +£29.2 61.0 +£29.7 61.1 +28.9 94

Past history of stroke (n)

None 1688 (70.0%) 635 (72.1%) 1053 (68.9%) <.05 1620 (69.7%) 594 (68.9%) 1026 (70.1%) .64

1 time 497 (20.6%) 179 (20.3%) 318 (20.8%) 492 (21.2%) 192 (22.3%) 300 (20.5%)

More than 2 times 161 (6.7%) 53 (6.0%) 108 (7.1%) 153 (6.6%) 57 (6.6%) 96 (6.6%)

Unknown 64 (2.7%) 14 (1.6%) 50 (3.3%) 60 (2.6%) 19 (2.2%) 41 (2.8%)

Affected sides (n)

Right 1012 (43.5%) 379 (44.0%) 633 (43.3%) <.05 1005 (43.2%) 367 (42.6%) 638 (43.6%) .09

Left 931 (40.0%) 357 (41.4%) 574 (39.2%) 938 (40.3%) 362 (42.0%) 576 (39.4%)

Both 200 (8.6%) 54 (6.3%) 146 (10.0%) 197 (8.5%) 57 (6.6%) 140 (9.6%)

No paralysis 177 (7.6%) 70 (8.1%) 107 (7.3%) 181 (7.8%) 74 (8.6%) 107 (7.3%)

Unknown 5 (0.2%) 2 (0.2%) 3(0.2%) 4(0.2%) 2 (0.2%) 2 (0.1%)

Length of stay (d) 100.8 +40.4 109.2 4+ 39.7 96.0 £ 39.9 <.001 101.1 £40.3 101.0 £ 40.3 101.3 £40.4 .83

Amount of rehabilitation, hours/week (h) 124 +£49 17.5 £ 1.5 94435 <.001 135+4.8 174 £ 1.5 9.5+3.5 <.001

Amount of physical therapy, hours/week (h) 52+23 72+£15 40+1.8 <.001 56+£23 72+£15 40+1.8 <.001

Amount of occupational therapy, hours/ 47+ 1.7 6.1+1.0 38+14 <.001 5017 6.1 +1.0 38+14 <.001
week (h)

Amount of speech and language therapy, 25420 41+£1.7 1.6+ 14 <.001 29420 41+£1.7 1.6+ 14 <.001
hours/week (h)

Abbreviations: FIM, functional independence measure; IPW, inverse probability weighting; IRT, Intensive rehabilitation therapy; SD, standard deviation; UR, usual rehabilitation.
Data are presented as mean =+ SD.
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Table 2. Outcomes of the intensive rehabilitation treatments and usual rehabilitation groups
IRT Group (n=862) UR Group (n=1463) P value
Unadjusted
Motor FIM score at discharge 61.0 £24.6 59.9 £24.6 .29
Cognitive FIM score at discharge 240£8.5 23.6 £8.9 22
FIM score at discharge 85.1 £315 83.5£31.9 24
Motor FIM gain 19.9 +16.3 19.3 £ 16.6 37
Cognitive FIM gain 40£52 33+£49 <.01
FIM gain 23.8£19.5 226+£194 A2
Motor FIM efficiency 0.209 £ 0.232 0.233 £0.252 <.05
Cognitive FIM efficiency 0.039 + 0.062 0.039 £+ 0.065 .95
FIM efficiency 0.248 £0.270 0.272 £ 0.289 <.05
Discharge rate to home (%) 75.3% 71.4% <.05
Adjusted by IPW
Motor FIM score at discharge 61.0 £25.0 60.0 £24.5 17
Cognitive FIM score at discharge 24.0£85 23.5£8.8 .07
FIM score at discharge 85.0+31.9 83.5+31.7 12
Motor FIM gain 20.1 £16.9 19.1 £16.3 <.05
Cognitive FIM gain 3.8+53 33+49 <.01
FIM gain 24.0 £20.1 224+19.2 <.05
Motor FIM efficiency 0.235 £0.270 0.220 £+ 0.237 <.05
Cognitive FIM efficiency 0.041 £ 0.070 0.037 £ 0.062 .08
FIM efficiency 0.276 £0.313 0.257 £ 0.272 <.05
Discharge rate to home (%) 74.6% 71.5% <.05

Abbreviations: FIM, functional independence measure; IRT, Intensive rehabilitation therapy; IPW, inverse probability weighting; SD,

standard deviation; UR, usual rehabilitation.
Data are presented as mean £ SD.

the probability of home discharge.'”*’ The clinical impor-
tance of rehabilitation therapy for stroke has been well-
established, but the debate on the most appropriate time
of rehabilitation therapy per week continues to date.
Suzanne et al’' reported a consistent dose-response to
rehabilitation therapies across discharge. However, the
high intensity group was defined as patients who received
therapy intensities of at least 60 minutes per day in this
study. Similarity, Jette et al”” showed that patients in
skilled nursing facilities were 1.22 and 2.02 times more
likely to be discharged to the community when therapy
averaged 1-1.5 hours per day and more than 1.5 hours per
day, respectively, as compared with less than 1 hour per
day. Wodchis et al* also reported a greater likelihood for
community discharge was present as dose increased. In
the present study, the discharge rate to home in the IRT
group was higher than the UR group before and after
IPW adjustment. Our result suggests that IRT is associ-
ated with higher discharge rate to home in elderly stroke
patients at convalescent rehabilitation wards.

The present study had several limitations. First, the
Japan Rehabilitation Database consists of only voluntary
samples, not random samples. Although the use of obser-
vational studies for assessment of treatment effects is con-
troversial,”* recent studies have suggested that
observational studies, when appropriately conducted, are
not likely to yield misleading or biased results.””*° Fur-
thermore, we used propensity analysis to enable an even

more rigorous adjustment for selection bias and con-
founding factors. Nonetheless, it must be acknowledged
that observational studies can only partially control the
factors actually measured. As a result, application of these
findings to all elderly patients with stroke undergoing
rehabilitation might be limited. Second, we could not
adjust the result to unmeasured confounders, including
rehabilitation methods. Third, since no data were avail-
able after hospital discharge, the impact of IRT care at
convalescent rehabilitation wards on long-term outcome
of stroke remains unknown. Fourth, database we used
have lacked information of the number of board-certifi-
cated physiatrists and nurses and the detail of complica-
tions in each convalescent rehabilitation wards. Despite
these limitations, to our knowledge, this study is the first
to examine the association of the amount of rehabilitation
with functional gains of elderly stroke patients at conva-
lescent rehabilitation wards using PS analysis methods. In
conclusion, the present study demonstrated that a longer
rehabilitation time per week was associated with
increased functional gain in elderly stroke patients at con-
valescent rehabilitation wards.
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