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ABSTRACT

Igarashi T, Hayashi S, Ogawa K, Matsui S, Nishimatsu
T. Relationship between daily rehabilitation time and
functional gain in inpatient rehabilitation medicine of
hospitalized older adults with subacute stroke. Jpn J
Compr Rehabil Sci 2022; 13: 56-63.

Objective: Although there have been reports
examining the relationship between daily rehabilitation
time and functional gain, few have fully considered
background factors such as severity of motor paralysis
and comorbidities. This study aimed to examine the
relationship between the daily rehabilitation time and
improvement in functional status, longitudinally in
hospitalized older adults with subacute stroke.
Method: Fromtheresultsofthe Functional Independence
Measure (FIM), we calculated the FIM gain and FIM
effectiveness, a measure that is less sensitive to the ceiling
effect of FIM. Adjusted for covariates, multiple regression
analysis was performed for daily rehabilitation time and
FIM gain and effectiveness.

Results: This study enrolled 298 hospitalized older
adults with subacute stroke (mean age, 78.1 + 8.1
years, 112 females). The total scores of functional
independence measure gain and effectiveness were
31.6 £ 22.5 points and 54.4 + 35.2%, respectively.
There was an association between FIM gain (total
score) and total rehabilitation time (5 =0.29, p <0.01)
and between FIM effectiveness (total score) and total
rehabilitation time (f = 0.22, p <0.01).

Conclusions: Although prognosis after stroke is poorer
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in older adults than in young adults, this study shows
that increased daily rehabilitation time may improve
functional status.

Key words: functional limitation, stroke, acute phase,
rehabilitation, functional recovery

Introduction

Stroke is the second leading cause of death and the
third leading cause of disability worldwide [1].
Furthermore, stroke-related costs due to healthcare
services and medications are rising [2]. Therefore,
improvement in post-stroke functional impairment
and disability is one of the main goals of rehabilitation
interventions [3].

Older adults have an increased incidence of
comorbidities and multimorbidity [4]. It is estimated
that more than half of stroke patients aged >65 years
have reduced mobility, making it a major cause of
serious long-term disability [2]. Acutely hospitalized
stroke patients are prone to disuse syndrome due to
prolonged bed rest [5], therefore it is important that
interventions for physical functions are performed
earlier in older stroke patients than in young patients.

Several reports have examined the relationship
between rehabilitation time and functional recovery
[6-11]. In inpatients with stroke, increasing the number
of days of physical therapy (PT) and occupational
therapy (OT) has a positive impact on functional
recovery [8, 11]. The amount of PT, OT, and speech-
language-hearing therapy (SLT) interventions is
associated with the recovery of mobility and cognition
[6]. However, although there have been reports
examining the relationship between daily rehabilitation
time and functional gain, few have fully considered
background factors such as severity of motor paralysis
and comorbidities. Furthermore, the relationship
between the amount of these interventions and
functional gain in inpatients with stroke has been
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shown in middle-aged adults [6] but not in older adults.

We hypothesized that daily rehabilitation time is
associated with functional recovery in hospitalized
older adults with subacute stroke. This study aimed to
determine the relationship between daily rehabilitation
time and functional recovery in hospitalized older
adults with subacute stroke.

Method

1. Study design

This retrospective observational cohort study was
conducted at a single acute care hospital in Japan. Data
were collected from consecutive stroke patients
admitted to the general wards between June 2018 and
October 2020. The study cohorts were identified from
clinical databases, and study indicators were extracted.
Furthermore, the medical records were reviewed to
identify the participants. This study was conducted
with the approval of the Ethics Committees at the
affiliated institution and in accordance with the
Declaration of Helsinki and the “Strengthening the
Reporting of Observational Studies in Epidemiology”
guidelines (STROBE)[12]. As an ethical consideration,
information about the research was disclosed to the
participants by posting information in the hospital and
on the website. We explained to the participants that
they could refuse participation and guaranteed them
the opportunity to opt out.

2. Study population

The participants were required to meet all of the
following inclusion criteria: 1) age >65 years; 2)
hospitalization for cerebral infarction or cerebral
hemorrhage; 3) length of stay (LOS) >7 days; and 4)
received rehabilitation 7 days/week. The exclusion
criteria were as follows: 1) perfect functional
independence measure (FIM) score during initial
evaluation; 2) LOS >180 days; 3) fatal cases; 4)
worsening medical conditions; 5) no motor paralysis;
or 6) hospitalization for subarachnoid hemorrhage.
Because functional recovery differs between cases of
subarachnoid hemorrhage and other stroke subtypes,
patients diagnosed with subarachnoid hemorrhage
were excluded [13]. The sample size for determining
the linear multiple regression was calculated using
G*Power, version 3.1.9.3 (Heinrich Heine University,
Diisseldorf, Germany) before enrollment. The sample
size was determined as 238, based on effect size £? of
0.15, a-error probability of 0.05, and 1-f error
probability of 0.95, which was considered sufficient to
confirm a correlation.

3. Interventions

All participants received daily PT and OT as
rehabilitation interventions and SLT as needed. Under
Japan’s public medical insurance system, rehabilitation is
covered by insurance. The amount of rehabilitation

therapy covered by insurance for acute stroke is limited
to 3 h/day. The rehabilitation time was determined by
the physician and medical team, considering the condition
of each participant. The PT/OT/SLT intervention
requirements were assessed based on the International
Classification of Functioning, Disability, and Health and
individualized by the participant’s primary physician
based on the treatment goals. PT included muscle
strengthening exercises, static and dynamic balance
exercises, walking exercises, electrical stimulation
therapy, and ergometer exercises. OT included upper
limb function and daily living activities exercises, while
SLT included higher brain function and swallowing
exercises. The intervention was not controlled for in this
study. The average LOS for acute stroke patients in Japan
is approximately 29.5 days [14]. Due to the characteristics
of the Japanese healthcare system, acute care hospitals
have consistent clinical management from the acute
phase to the subacute phase of stroke [8].

4. Data collection

All information was collected from a medical records
database. Demographic and clinical characteristics
collected during the initial evaluation included age, sex,
stroke type, lesion location, stroke treatment,
comorbidities, LOS, discharge destination, unilateral
spatial neglect and aphasia, time to start of rehabilitation
after admission, premorbid degree of disability, and
severity of motor paralysis. The premorbid degree of
disability was assessed using the modified Rankin Scale
(mRS) [15], and the severity of motor paralysis by
Brunnstrom Recovery Stage (BRS) [16].

The functional status was assessed at 1 week after
hospitalization (admission FIM) and discharge
(discharge FIM) using FIM [17]. FIM assesses the
performance of instrumental activities of daily living
and comprises 13 motor and 5 cognitive measures.
Each item is scored on a scale of 1-7, with the total
score in the range of 18-126; the scores are distributed
between 13-91 and 5-35 for the motor and cognitive
items, respectively. A lower score indicates less
independence in activities of daily living, while a
higher score indicates greater independence. FIM has
been shown to be reliable and valid as a functional
status index in subacute stroke patients [18]. The FIM
assessment was performed by a physical therapist,
occupational therapist, and speech-language-hearing
therapist with a thorough understanding of the
evaluation method.

The daily rehabilitation time of each of PT, OT, and
SLT during hospitalization and the total rehabilitation
time summed were collected from the medical records
database. Each of PT, OT, SLT, and total rehabilitation
time were divided by LOS and calculated as the
average daily rehabilitation time.

5. Statistical analysis
The descriptive statistics of demographic and
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clinical characteristics are presented as means and
standard deviations for continuous variables and rates
and frequency distributions for categorical data.

Next, FIM gain and FIM effectiveness were obtained
after calculating the descriptive statistics of the initial
and final motor items, cognitive items, and total of
FIM. FIM gain is a measure of the improvement in
FIM scores from admission to discharge, and is
calculated as “discharge FIM—admission FIM.” FIM
effectiveness is a measure of the percentage of potential
improvement in functional status from admission to
discharge, and is calculated as “FIM gain / (maximum
score—admission FIM)%” [19]. FIM effectiveness has
been used as a measure to interpret the degree of
potential improvement in functional status by reducing
the impact of hospital stay and ceiling effects. Both
have been used as intervention outcomes in stroke
patients [20, 21]. Both FIM gain and FIM effectiveness
were calculated for motor item scores, cognitive item
scores, and total scores.

To investigate the relationship between the daily
rehabilitation time and functional gain, Pearson’s
product-moment correlation coefficient () between daily
rehabilitation time and FIM gain and FIM effectiveness
was calculated. The strength of the coefficient was
determined as follows: 0.00—0.25, minimum correlation
(if any); 0.26-0.49, weak correlation; 0.50-0.69,
moderate correlation; 0.70-0.89, strong correlation; and
0.90-1.00, very strong correlation [22].

Next, we calculated two multivariate linear
regressions (forced entry method) with FIM gain and
FIM effectiveness as the respective dependent
variables and daily rehabilitation time as the
independent variable. In both models, all clinical
characteristics were entered as adjustment variables,
except LOS and discharge destination. To account for
multicollinearity, the correlation between the
independent variables was checked beforehand, and if
the correlation coefficient was >0.8, one of the
independent variables was excluded [23]. Furthermore,

the variance inflation factor (VIF) was checked, and
multicollinearity was ascertained for VIF >10. The
goodness of fit of each model was determined by the
coefficient of determination (R?).

Furthermore, we performed a partial correlation
analysis between daily rehabilitation time and FIM
gain and FIM effectiveness, with age, pre-morbid
mRS, BRS of the lower extremities, and total FIM
total score at admission as control variables.

All statistical analyses were conducted using
Statistical Product and Service Solutions, version 25.0
(IBM Corp., Armonk, NY) and Microsoft Excel
(Microsoft Corp., Redmond, WA, USA).

Results

Figure 1 shows the flowchart of the study
participants. Of the 733 patients hospitalized for
stroke, 298 met the inclusion criteria. Table 1 shows
the clinical characteristics of the participants. The total
rehabilitation time was 154.8 = 17.7 min/day. Table 2
shows the descriptive statistics of the FIM score. The
total scores for FIM gain and FIM effectiveness were
31.6 £ 22.5 points and 54.4 = 35.2%, respectively.
Table 3 shows the bivariate correlations of daily
rehabilitation time with FIM gain and with FIM
effectiveness. Daily rehabilitation time and FIM
effectiveness showed a weak positive correlation with
FIM motor item scores, FIM cognitive item scores,
and FIM total scores. Table 4 shows the results of
multivariate linear regression with total scores of FIM
gain and FIM effectiveness as the dependent variables.
Daily rehabilitation time was adopted as a significant
independent variable for both model FIM gain and
FIM effectiveness. R? had a model FIM gain of 0.499
and model FIM effectiveness of 0.695. In both results,
the VIF of the variables was <10, and multicollinearity
was absent. Table 5 shows the results of partial
correlation analysis between daily rehabilitation time
and FIM gain and FIM effectiveness, with age, pre-

Stroke patients aged 265 years who
were admitted to an acute care
hospital and were undergoing
rehabilitation (n = 733)

h 4

Fulfilled the inclusion criteria

(n = 298)

Excluded (n = 435)

* Death (n = 30)

» Worsening of medical condition (n = 26)

« Diagnosis of subarachnoid hemorrhage (n = 33)

* No motor paralysis (n = 121)

* Missing records in analytical data (n = 53)

* Functional independence upon hospitalization (n = 7)
* Pre-morbid mRS =3 (n = 150)

* LOS <7 days (n = 15)

Figure 1. Flowchart of the study participants.
LOS, length of stay; mRS, modified Rankin Scale.
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Tablel. Clinical characteristics of participants.

59

Variables

Age (years), mean (SD)
Sex (female), n (%)
Type of stroke (cerebral hemorrhage), n (%)
Stroke treatment, 1 (%)
Conservative treatment
Surgical treatment
Endovascular treatment
Lesion location, n (%)
Basal ganglia and internal capsule
Thalamus
Corona radiata
Brainstem
Cerebellum
Combined lesions
Others
LOS (days), mean (SD)
Time to rehabilitation after admission (days), mean (SD)
Discharge destination (home), (%)
History of diseases, n (%)
Orthopedic diseases
Cardiovascular diseases
Hypertension
Diabetes mellitus
CCI (points), mean (SD)
Aphasia, n (%)
Unilateral spatial neglect, n (%)
Premorbid mRS (points), mean (SD)
BRS (points), mean (SD)
Upper limb
Fingers
Lower limb
Daily rehabilitation time (min/day), mean (SD)
PT
oT
SLT
Total rehabilitation time

78.1( 8.1)
112 (37.6)
57 (19.1)

273 (91.6)
6( 2.0)
19 ( 6.4)

71 (23.8)
39 (13.1)
47 (15.8)
32 (10.7)

9( 3.0)

54 (18.1)
46 (15.4)
29.15 (17.4)
134 ( 1.7)
154 (51.7)

84 (28.2)
82 (27.5)
156 (52.3)
60 (20.1)
1.6 ( 1.4)
54 (18.1)
66 (22.1)
0.6 ( 0.8)

42( 2.0)
4.1( 2.0)
44( 1.8)

57.2(10.3)
47.5 (10.7)
50.1 (13.3)
154.8 (17.7)

SD, standard deviation; LOS, length of stay; CCI, Charlson Comorbidity Index; mRS, modified Rankin Scale;
BRS, Brunnstrom Recovery Stage; PT, physical therapy; OT, occupational therapy; SLT, speech-language-hearing

therapy.

Table 2. Descriptive statistics of FIM scores.

Motor item Cognition item
Total scores
scores scores
Admission (points) 33.8+21.1 20.9 £10.8 5477 £29.5
Discharge (points) 60.7 + 28.9 25.6 +10.1 86.3 £37.8
Gain (points) 26.9 £19.9 47 +6.2 31.6+225
Effectiveness (%) 55.5+36.6 332+414 54.4 +352

The FIM gain is calculated as “discharge FIM—admission FIM,” and the FIM effectiveness as “FIM
-gain / (maximum score—admission FIM).” Values are presented as means + standard deviations.

FIM, Functional Independence Measure.
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Table 3. Bivariate correlations between daily rehabilitation time and the FIM gain and the FIM

effectiveness.
Total rehabilitation time
FIM gain Motor item scores 0.352%*
Cognition item scores 0.216**
Total scores 0.370**
FIM effectiveness Motor item scores 0.278**
Cognition item scores 0.275%*
Total scores 0.286**

Pearson’s product-moment correlation coefficient (). **p < 0.01
FIM, Functional Independence Measure.

Table 4. Multivariate linear regression (forced entry method) with FIM gain and FIM effectiveness as the dependent
variables.

FIM gain (total scores) FIM effectiveness (total scores)
S p-value VIF s p-value VIF

Age -0.26 *k 1.44 -0.22 ok 1.44
Sex

Male Reference — — Reference — —

Female 0.02 0.63 1.12 0.03 0.41 1.12
Type of stroke

Cerebral infarction Reference — — Reference — —

Cerebral hemorrhage —0.02 0.77 1.76 —0.02 0.71 1.76
Stroke treatment

Conservative treatment Reference — — Reference — —

Surgical treatment —0.06 0.23 1.31 —0.03 0.46 1.31

Endovascular treatment 0.00 0.97 1.13 0.01 0.67 1.13
Lesion location

Other Reference — — Reference — —

Basal ganglia and internal capsule -0.11 0.08 2.05 —-0.10 * 2.05

Thalamus -0.05 0.38 1.97 -0.04 0.42 1.97

Corona radiata —0.03 0.60 1.89 —0.05 0.24 1.89

Brainstem 0.02 0.72 1.75 0.00 1.00 1.75

Cerebellum 0.01 0.85 1.27 —0.01 0.76 1.27

Combined lesions -0.04 0.55 1.86 —0.05 0.31 1.86
Time to rehabilitation after admission -0.10 * 1.35 —0.03 0.42 1.35
History of orthopedic disease 0.06 0.22 1.11 0.05 0.17 1.11
History of cardiovascular disease 0.03 0.56 1.17 0.01 0.86 1.17
History of hypertension 0.01 0.77 1.15 0.00 0.95 1.15
History of diabetes mellitus 0.05 0.32 1.22 0.01 0.74 1.22
CCI 0.03 0.59 1.47 0.05 0.22 1.47
Aphasia -0.05 0.26 1.25 -0.03 0.46 1.25
Unilateral spatial neglect —0.04 0.44 1.30 —0.03 0.49 1.30
Premorbid mRS —-0.13 *k 1.29 -0.14 ok 1.29
BRS (lower limb) 0.63 *k 2.01 0.38 ok 2.01
FIM total score (admission) -0.57 Hk 2.22 0.31 ok 2.22
Total rehabilitation time 0.29 ** 1.20 0.22 *k 1.20

Model FIM gain: R = 0.706; R>= 0.499; adjusted R = 0.457, Model FIM effectiveness: R = 0.834; R*>= 0.695;
adjusted R = 0.669, **p <0.01; *p <0.05

FIM, Functional Independence Measure; VIF, variance inflation factor; LOS, length of stay; CCI, Charlson
Comorbidity Index; mRS, modified Rankin Scale; BRS, Brunnstrom Recovery Stage.
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Table 5. Partial correlation analysis between daily rehabilitation time and the FIM gain and the
FIM effectiveness controlled for age, pre-morbid mRS, BRS-lower extremity, FIM total score

at admission.

Total rehabilitation time

FIM gain

Total scores
FIM effectiveness

Total scores

Motor item scores
Cognition item scores

Motor item scores
Cognition item scores

0.387**
0.176*

0.412%*
0.415%*
0.209%**
0.404**

Partial correlation coefficient. ¥**p < 0.01; *p < 0.05
mRS, modified Rankin Scale; BRS, Brunnstrom Recovery Stage; FIM, Functional

Independence Measure.

morbid mRS, BRS of the lower extremities, and total
FIM total score at admission as control variables.
Partial correlation coefficients between rehabilitation
time and total scores of FIM gain and FIM effectiveness
were 0.412 and 0.404, respectively.

Discussion

In this study, we determined the relationship
between the amount of daily rehabilitation and the
functional recovery in hospitalized older adults with
subacute stroke. The results showed that daily
rehabilitation time was associated with FIM gain
independently of other variables such as comorbidities
and functional disabilities.

There was a positive correlation between FIM gain
(total scores) and daily rehabilitation time, with a higher
correlation coefficient than those reported in previous
studies [6]. Compared to the study by Wang et al. [6], this
study included older and more independent individuals
and the daily rehabilitation time was shorter. Similar to
the results of this study, the age and FIM total score
(admission) showed an independent association with
FIM gain in acute stroke patients in previous studies [24,
25]. In this study, the average intervention time for PT,
OT, and SLT was 57, 47, and 50 min/day, with relatively
uniform time provided for each intervention type. On the
other hand, a report on middle-aged stroke patients [6]
showed a large difference in the intervention time
depending on the type of rehabilitation. Prolongation of
each rehabilitation time contributes to functional
improvement even in older stroke patients. Similar to
FIM gain, FIM effectiveness was independently
associated with daily rehabilitation time, supporting the
results of a previous study on stroke patients admitted to
a convalescence rehabilitation hospital [11]. The severity
of motor paralysis and premorbid function were
associated with the total FIM scores [26, 27] as well as
independently associated with FIM effectiveness. Lesion
location in the basal ganglia and internal capsule was
independently associated with FIM effectiveness. The
degree of damage to the corticospinal tract is associated

with the severity of motor paralysis [28], suggesting that
it also affects the functional status of patients with
subacute stroke.

This study has several limitations. First, we collected
data on the amount of daily rehabilitation from the
medical records, but the intensity of the interventions
was not controlled. The content and intensity of
rehabilitation interventions in stroke patients have
been reported in several previous studies [29-33] and
were expected to be highly dependent on the patient
demographics and the experience and skills of the
therapist. Second, in order to eliminate ceiling effects,
those with a perfect FIM score during the initial
assessment were excluded from the analysis.
Therefore, selection bias must be taken into account
when interpreting the results. However, the mean and
standard deviation of the FIM total score at admission
were generally similar to those reported in a previous
study [8], and we believe that the target of this study
was typical acute stroke severity.

This study clarified the relationship between the
amount of daily rehabilitation and functional recovery
in hospitalized older adults with subacute stroke. Daily
rehabilitation time showed a positive correlation with
FIM gain and with FIM effectiveness. The results of
this study provide wuseful evidence for the
implementation of stroke rehabilitation in hospitalized
older adults with subacute stroke.
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