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Abstract: To analyze the effectiveness of rehabilitation for patients with cognitive dysfunction
after cerebrovascular disease at a rehabilitation hospital. 200 patients with cerebrovascular
diseases who underwent rehabilitation were divided into two groups: 128 patients with
cognitive dysfunction and 72 patients without cognitive dysfunction. The degree of the impro-
vement was analyzed using FIM, MMSE and HDS-R. Cognitive dysfunction was classified in
three groups: (Daphasia, @disorders other than aphasia and ®aphasia + other disorders.
The FIM scores (61.1+26.8) of patients with cognitive dysfunction at admission were
significantly lower than those (71.5£30.4) of patients without cognitive dysfunction, but
conversely, the improvement in FIM scores (24.8+17.5) of patients with cognitive dysfunction
at discharge was signifi-cantly higher than that (19.7+14.7) of patients without cognitive
dysfunction. Similar results were obtained for MMSE and HDS-R tests, and the improvement
in MMSE and HDS-R scores of patients with cognitive dysfunction at discharge was
remarkably, significantly higher than those of patients without cognitive dysfunction. The
improvement of FIM scores at discharge tended to be lower for patients with aphasia and a
FIM score is not enough for the assessment. MMSE and HDS-R can capture changes of
cognitive dysfunction, especially aphasia. FIM, MMSE and HDS-R scores were efficient for
cognitive dysfunction.

Keywords: cognitive dysfunction, higher brain dysfunction, mini-mental state examination
(MMSE), Hasegawa dementia scale-revised (HDS-R)

1. Introduction

The Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2017 re-
ported that stroke was the third-leading cause of death and disability combined and the
second-leading cause of death in the world in 2017 [1,2]. Stroke rehabilitation has, there-
fore, become the most important treatment in caring for stroke patients [3]. Poststroke
cognitive impairment (PSCI) is a major complication following a stroke, encompassing
a spectrum from mild cognitive impairment (without dementia) to poststroke dementia.
PSCI can emerge early, even in the hyperacute stage of stroke, characterized by deficits
in memory, attention, executive function, and language abilities. These deficits severely
impact patients’daily living activities, social participation, and overall quality of life [4,5].
Epidemiological studies indicate that cognitive dysfunction affects approximately 61%
of patients within 10 years post stroke [6], and up to 80% of survivors exhibit some form
of cognitive impairment within the first few months following the event [7].
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A retrospective study in China reported that 23.35% of patients with acute ischemic
stroke experienced cognitive dysfunction within 3 months [8]. Despite the high preva-
lence, the precise mechanisms underlying PSCI are not fully understood, which compli-
cates efforts to predict outcomes and implement effective interventions. The significant
burden of PSCI not only affects patients and their families but also places substantial
strain on health care systems and society due to the long-term care needs and associated
loss of productivity.

We reported that significant factors to contribute FIM gain were duration of
hospitalization, FIM gain at 4 weeks after admission, age, and disability severity [9]. FIM
scores and FIM gains could predict rehabilitation outcomes [9]. Significant functional
recovery may develop in the first 3months following the episode [10]. Rehabilitation is
started early after the onset of cognitive dysfunction after cerebrovascular disease, but
there are unknowns on the effectiveness of treatment for cognitive dysfunction. We

intended to gain understanding in how to improve outcomes of patients with cognitive
dysfunction after cerebrovascular diseases.

The purpose of this study was to determine the effectiveness of rehabilitation for
cognitive dysfunction after cerebrovascular diseases at a convalescent hospital.

2. Materials and Methods

Design

The ethical approval of the study was obtained from Shimada Hospital Ethics
Committee (N0.2208). Informed consents were obtained from the patients who par-
ticipated in the study. The research was conducted in accordance with the 2008 Hel-
sinki Declaration of Human Rights. It was a retrospective research and conducted at
a single institution. Patients who suffered from strokes, traumatic brain injuries, brain
tumors or meningoencephalitis and received intensive rehabilitation by qualified
physical therapists, qualified occupational therapists and qualified speech-language-
hearing therapists.
Participants

The inclusion criteria for this study were patients aged 20 years or older who
suffered from cerebrovascular diseases (stroke, traumatic brain injury, brain tumor,
meningoencephalitis), were admitted to a convalescent hospital, and were undergo-
ing a full-time rehabilitation treatment program 7 days a week from May 2021 to Feb-
ruary 2023. Patients who refused rehabilitation treatment within 1 week after ad-
mission were excluded. Finally, 200 patients were registered in the study (Table 1).
The 200 patients were divided into two groups: 128 patients with cognitive dysfunc-
tion and 72 patients without cognitive dysfunction. The degree of the improvement
was analyzed using functional independence measure (FIM), Mini-Mental State Ex-
amination (MMSE) and Hasegawa Dementia Scale-Revised (HDS-R) to clarify the
characteristics. Cognitive dysfunction was classified into three groups: (1) aphasia, (2)
disorders other than aphasia (apraxia, agnosia, memory disorder, attention disorder,
executive disorder, social behavior disorder, etc.), and @ aphasia + other disorders.

According to the rules of the healthcare system of Japan, patients who were 78
years or younger underwent 3 hours of professional stroke rehabilitation per day
(physical therapy 1 hour, occupational therapy 1 hour, speaking therapy 1 hour). Pa-
tients who were 79 years or older underwent 2 hours of professional stroke rehabili-
tation per day (physical



Balneo and PRM Research Journal 2025, 16, 1 3 0of 10

Table 1. Patients characteristics

Cognitive dysfunction | Cognitive dysfunction
Negative n=72 Positive n=128
Sex 37 61

Male

Female 35 67

Etiology Cerebral infarction 53 70
Cerebral hemorrhage 10 33

Subarachnoid hemorrhage 2 9

Traumatic brain injury 4 11

Brain tumor 2 3

Meningoencephalitis 0 2

Subdural hematoma 1 0
cerelrr%s\}ar:csl:?arrv t?i:ease No incident <t 94
One incident 17 31

Two incidents a4 3

side involvement Right-sided 39 41
Left-sided 24 67
Not determined 9 20

therapy 40 minutes, occupational therapy 40 minutes, speaking therapy 40 minutes).
When occupational therapy or speaking therapy was not necessary for patients, phys-
ical therapy was given instead. Based on the patient's clinical condition, rehabilitation
was administered at the physician’s request; however, no established rehabilitation
protocol existed. The content of each daily program was thus decided by the staff
member in charge of rehabilitation. The rehabilitation programs were comprised of
mobilization, strength training, range of motion exercise, swallowing training, speech
training, ADL (activities of daily living) training and cognitive function training.

Most patients suffered from diseases which needed various kinds of drugs. Pa-
tients with neurogenic bladders were treated with bethanechol chloride and/or
distigmine bromide and patients with bowel dysfunction were treated with magne-
sium oxide. Patients who presented with insomnia, depression, agitation, delirium, or
violence were given sleeping pills, sedatives, antidepressants, or antipsychotics.
Data collection

For these registered patients, rehabilitation for cerebrovascular diseases began at
the initial hospital of admission and was then handed over to our convalescent hos-
pital. Clinical and demographic features including these etiology, sex, age, history of
cerebrovascular diseases, disability severity, dementia, cognitive dysfunction, dura-
tion of hospitalization and period from onset to rehabilitation were analyzed. Demen-
tia is any decline in cognition that is significant enough to interfere with independent,
daily functioning [11]. Alzheimer's disease is the most common cause of dementia.
Cognitive dysfunction is a condition in which brain damage due to illness or accident
that results in impairment of cognitive functions such as memory, attention, thinking,
language, number operations, and emotional control. Cognitive dysfunction is having
limited ADL and social activities due to cognitive impairment resulting from organic
pathology in the brain [12]. FIM is the most widely used standardized outcome meas-
ure for rehabilitation in the world. FIM can be used freely, without additional pay-
ment in medical research conditions. FIM was widely applied to evaluate participa-
tion after stroke [13]. The FIM items are broadly classified into total, motor and cog-
nitive categories (FIM-total, FIM-motor, FIM-cognition). FIM contains 18 items com-
posed of 13 motor tasks (eating, grooming, bathing, upper body dressing, lower body
dressing, toileting, bladder management, bowel management, bed to chair transfer,
toilet transfer, shower transfer, locomotion [ambulatory or wheelchair level], stairs)
and 5 cognitive tasks (cognitive comprehension, expression, social interaction, prob-
lem solving, memory). FIM scores were assigned according to a 7-point scale, and the
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score indicated the amount of assistance required to perform each item (7 = totally
independent and 1 = totally dependent or not testable). For disability severity, FIM
score on admission were classified in three groups: severe disability (FIM 40 or lower),
intermediate disability (FIM 41-80) and mild disability (FIM 81 or higher) [9].
MMSE and HDS-R have a maximum score of 30 points, and an MMSE score of 23 or
below and a HDS-R score of 20 or below indicate the possibility of dementia. In
MMSE, it is difficult to evaluate in detail the elementary cognitive functions such as
attention, understanding, and judgment [14]. MMSE is one of the most widely used
neuropsychological tests in the world. MMSE is particularly suitable for its practical-
ity and ease of administration, providing a quick, general overview of cognitive func-
tion across several domains. Its assessment include memory, orientation, calculation,
language, and visual construction. The MMSE evaluates 5 cognitive domains—orien-
tation, memory, attention and calculation, recall ability, and language skills. Higher
scores indicate better cognitive function. The diagnostic criteria for cognitive impair-
ment were adjusted based on educational levels, following established guidelines that
account for the influence of education on MMSE performance [15]. HDS-R is also
used for assessment of cognitive dysfunction. MMSE includes items that require not
only memory but also language and visual construction functions. These cognitive
functions cannot be evaluated by HDS-R. HDS-R places more emphasis on memory
than the MMSE. FIM scores, MMSE scores and HDS-R scores of each patient were
determined through discussions with qualified physical therapists, qualified occupa-
tional therapists and qualified speech-language-hearing therapists.
Statistical Analysis

The data is presented as the mean + standard deviation. A non-parametric test
(Mann-Whitney U test) was applied to compare the mean value of the two groups.
Multiple regression analysis was applied to determine factors to contribute FIM gain.
The statistical analyses were performed on StatView for Windows (Version 5.0; SAS
Institute Inc. Cary, NC, USA). A p-value of < 0.05 was defined as statistically signifi-
cant.

3. Results

The proportion of patients with severe disability (FIM 18-40) among patients with
cognitive dysfunction was 30% (38/128), which tended to be higher than 18% (13/72)
for patients without cognitive dysfunction (Table 2). The period from onset to rehabil-
itation of the patients with cognitive dysfunction was 2.5+4.6 days, which seemed to be
longer than that (2.0+4.2 days) of the patients without cognitive dysfunction (Figure 1
A). The duration of hospitalization of the patients with cognitive dysfunction was
78.4134.7 days, which was significantly longer than that (67.7+30.3 days) of the patients
without cognitive dysfunction (p=0.029) (Figure 1 B).

Table 2. Distribution of disability severity based on cognitive dysfunction

Cognitive dysfunction

Negative Positive

severe disability

o FIM 18 40 13 (18%) 38 (30%) 51
Disability diate disabili
. intermediate disability
severity S 29 (40%) 51 (40%) 80
mild disability
FIM 81-126 30 (42%) 39 (30%) 69

72 (100%) 128 (100%) 200
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Figure 3. FIM-total gain, FIM-motor gain and FIM-cognition gain at discharge

The FIM-total score at admission for patients with cognitive dysfunction was
61.1+26.8, which was significantly lower than the score for patients without cognitive
dysfunction (71.5+30.4) (p=0.0127) (Figure 2). The FIM-cognition score at admission for
patients with cognitive dysfunction was 18.9+7.6, which was significantly lower than
the score for patients without cognitive dysfunction (23.3+9.2) (p=0.0003).

The FIM-total gain score at discharge for patients with cognitive dysfunction was
24.8+17.5, which was significantly higher than the score for patients without cognitive
dysfunction (19.7+14.7) (p=0.0389) (Figure 3). The FIM-cognition gain score at discharge
for patients with cognitive dysfunction was 4.1+4.1, which was significantly higher
than the score for patients without cognitive dysfunction (2.7+3.3) (p=0.0128).

The MMSE score at admission for patients with cognitive dysfunction was
17.949.4, which was significantly lower than that (21.6+8.2) for patients without cogni-
tive dysfunction (p=0.0056) (Figure 4A). The HDS-R score at admission for patients
with cognitive dysfunction was 16.8+10.1, which was significantly lower than the score
(20.749.0) for patients without cognitive dysfunction (p=0.0087) (Figure 4B). The MMSE
gain at discharge for the patients with cognitive dysfunction was 2.8+4.8, which was
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Figure 6A. There was a moderate correlation between FIM-recognition gain at discharge and
MMSE gain at discharge (correlation coefficient 0.43). 6B: There was a moderate correlation
between FIM-cognition gain at discharge and HDS-R gain at discharge (correlation coefficient
0.41).

significantly higher than that (0.8+3.4) for patients without cognitive dysfunction
(p=0.0019) (Figure 5A). The HDS-R gain score at discharge for patients with cognitive
dysfunction was 2.7+5.1, which was significantly higher than the score (0.9+3.4) for pa-
tients without cognitive dysfunction (p=0.0088) (Figure 5B).

There was a moderate correlation between FIM recognition gain at discharge and
MMSE gain at discharge (Correlation coefficient 0.43) (Figure 6A). There was a moder-
ate correlation between FIM-cognition gain at discharge and HDS-R gain at discharge
(Correlation coefficient 0.41) (Figure 6B). There was a strong correlation between HDS-
R gain at discharge and MMSE gain at discharge (Correlation coefficient 0.86) (Figure
7).

For subclassification of cognitive dysfunction, FIM-cognition gain (5.4+4.6) at dis-
charge of (3)aphasia + other disorders was significantly higher than that (3.6+3.7) of
(2)disorders other than aphasia (p=0.025), and seemed to be higher than that (2.8+4.0)
of (Daphasia (Figure 8B). MMSE gain (4.6+4.8) at discharge of (3)aphasia + other disor-
ders
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Figure 9. MMSE gain and HDS-R gain based on subtypes of cognitive dysfunction
was significantly higher than that (2.0+4.7) of (2)disorders other than aphasia
(P=0.0052), and seemed to be higher than that (2.3+2.0) of @aphasia (Figure 9A).
HDS-R gain (4.4+4.8) at discharge of @aphasia + other disorders was significantly
higher than that (1.9+5.2) of (2)disorders other than aphasia (P=0.038), and seemed to
be higher than that (3.2+4.1) of (Daphasia (Figure 9B).

4. Discussion

Although cognitive dysfunction was reported to be associated with a poor reha-
bilitation outcome [16], our data showed an opposite result that cognitive dysfunction
was associated with a better rehabilitation outcome, and strongly recommend rehabili-
tation. Patients of cerebrovascular diseases with cognitive dysfunction showed charac-
teristic findings in FIM, MMSE, and HDS-R after rehabilitation compared to patients
without cognitive dysfunction. The FIM-total scores (61.1+26.8) of patients of cerebro-
vascular diseases with cognitive dysfunction at admission were significantly lower than
those (71.5+30.4) of the patients without cognitive dysfunction, but conversely, FIM-total
gains (24.8+17.5) of the patients with cognitive dysfunction at discharge was significantly
higher than those (19.7+14.7) of the patients without cognitive dysfunction. On the
other hand, similar results were obtained for MMSE and HDS-R, and compared to the
result of FIM, the improvement in MMSE and HDS-R in the patients with cognitive dys-
function at discharge was remarkably and significantly higher than that of the patients
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without cognitive dysfunction. MMSE and HDS-R scores were more efficient than FIM
for assessment of the improvement of cognitive dysfunction.

The improvement in FIM score at discharge tended to be lower for patients with
aphasia. On the other hand, the improvement in HDS-R score and MMSE score at dis-
charge tended to be lower for patients with cognitive dysfunction other than aphasia.
FIM score is useful for evaluation of the improvement of cognitive dysfunction other
than aphasia, because FIM score dose not estimate real speaking ability. MMSE score
and HDS-R score are useful for evaluation of the improvement of aphasia rather than
other cognitive dysfunction because MMSE score and HDS-R score can estimate real
speaking ability.

Cognitive dysfunction in lacunar stroke patients may commonly be overlooked in
clinical practice but may be as important as motor and sensory sequelae [17]. Cognitive
impairment is frequent before the onset of stroke among older people and may partially
explain the very high frequency of cognitive impairment observed after stroke onset [18].
Cognitive dysfunction was present in 52% before stroke onset [18]. Cognitive impair-
ment was highest at the acute stroke and improved during early recovery and the great-
est rate of improvement occurred within 3 months [19]. Improvement was found in all
cognitive domains [19]. Higher initial Montreal Cognitive Assessment (MoCA) scores
(which reflect preservation of executive function) indicate better functional outcome in
the subacute stroke phase [20]. The severity and frequency of some BPS (behavioral
and psychological symptoms) are higher in patients with severe cognitive impairment
than in those with mild cognitive impairment [21].

In our study there were significant relationships among FIM, MMSE and HDS-R.
The improvement in FIM cognition and the improvement in MMSE were significantly
correlated with a correlation coefficient of 0.43. The improvement in FIM cognition and
the improvement in HDS-R were significantly correlated with a correlation coefficient of
0.41. The improvement in HDS-R and the improvement in MMSE were significantly cor-
related with a correlation coefficient of 0.86. FIM, MMSE and HDS-R scores were effi-
cient for the improvement of cognitive dysfunction.

Although nutrition was not analyzed in our study, nutrition may be important for
improvement of cognitive dysfunction. A low prognostic nutritional index (PNI) was
independently associated with the occurrence of PSCI and the PNI scores were specifi-
cally associated with the scores of global cognition and attention domain [22]. It can be
a promising and a straightforward screening indicator to identify the person with im-
paired immune-nutritional status at higher risk of PSCI [22]. Most patients with PSCI
were malnourished; malnutrition on admission for rehabilitation was associated with
poor improvement after PSCI [23]. Low hemoglobin levels are associated with an in-
creased risk of PSCI. Targeted interventions in this population may reduce the incidence
of PSCI and require further evaluation [24].

As a future initiative, repetitive transcranial magnetic stimulation (rTMS) would
be useful for improvement of cognitive dysfunction [25]. rTMS has emerged as a prom-
ising treatment for mild cognitive impairment and Alzheimer's disease (26). The current
limited evidence suggests that intermittent theta burst stimulation (iTBS) may be the op-
timal approach for improving cognitive and daily life abilities of stroke patients
[25]. High-frequency TMS (HF-rTMS) stimulation has a better overall effect on improv-
ing cognitive functions and activities of daily living, such as attention and memory in
stroke patients [27]. HF-rTMS stands out as the most promising intervention for enhanc-
ing cognitive function [28]. Dual-rTMS is highly recommended for improving ADL ca-
pacity [28]. In our hospital rTMS will be introduced in the near future.

Study limitations I have to keep in mind that the research has three limitations.
First, it was a retrospective research project and was conducted at a single institution.
Second, the number of patients with cerebrovascular diseases were limited to only 200.
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For a more accurate assessment, additional patients with cerebrovascular diseases are
necessary. Third, selection bias might be present in the study. These patients with cere-
brovascular diseases would be more interested in healthcare and want to get rehabilita-
tion compared to the broader population with cerebrovascular diseases.

5. Conclusions

Our results showed cognitive dysfunction was associated with a better rehabilita-
tion outcome, and strongly recommend rehabilitation. FIM, MMSE and HDS-R scores
were efficient for the improvement of cognitive dysfunction. For aphasia, FIM scores
are not enough for assessment. MMSE and HDS-R can capture changes of cognitive
dysfunction, especially aphasia.
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