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Objective: This study aimed to explore the effect of
three-dimensional rehabilitation potential on the
activity of daily living (ADL) among patients with
stroke in rehabilitation wards.

Design: Prospective longitudinal study.

Setting: Two rehabilitation wards situated within a
nationally recognized referral centre in Northern Tai-
wan, followed by subsequent discharge.
Participants: A total of 101 participants were admitted
due to either a primary or recurring incident of infarc-
tion or haemorrhagic stroke, subsequently being trans-
ferred to the rehabilitation ward of a medical centre.
Interventions: Not applicable.

Main outcome measures: Rehabilitation potential
included biological (swallowing ability, muscle power,
and urinary incontinence), psychological (rehabilita-
tion motivation and cognitive function), and social
(social support) dimensions. The rehabilitation treat-
ment outcome was activities of daily living measured
using the Barthel Index. Time-variant variables, inclu-
ding swallowing ability, rehabilitation motivation,
social support, and ADL, were collected at the time of
transfer to the rehabilitation ward, 1-3 days before
discharge, and 1 month after discharge.

Results: The results of the generalized estimating
equations model revealed that poor swallowing ability,
lower muscle power, and urinary incontinence in the
biological dimension, along with lower rehabilitation
motivation and moderate cognitive impairment in the
psychological dimension, are significant indicators of
rehabilitation potential among stroke patients. When
the different dimensional rehabilitation potential was
considered overall, both biological and psychological
indicators can still predict ADL outcomes during and
after inpatient rehabilitation therapy. Of these indica-
tors, swallowing ability and rehabilitation motivation
were positively correlated with ADL over time. Further,
increased rehabilitation motivation enhanced the pro-
tective effect of swallowing ability on ADL.
Conclusion: Important indicators of rehabilitation
potential, which can predict ADL outcomes, were
identified for stroke patients in the rehabilitation
ward. Policymakers can design appropriate interven-
tion plans to enhance the rehabilitation potential and
improve the effectiveness of inpatient rehabilitation
treatment for stroke patients.
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LAY ABSTRACT

Stroke is one of the most common disorders of the cen-
tral nervous system, frequently leading to functional
impairments that limit patients' ability to perform ac-
tivities of daily living. Rehabilitation plays a vital role
in improving outcomes, particularly activities of daily
living. Rehabilitation potential is a crucial predictor of
therapeutic effectiveness and overall prognosis. Ho-
wever, despite its importance, clear measures of re-
habilitation potential and its impact on outcomes such
as activities of daily living remain limited. This study
explores how different dimensions of rehabilitation po-
tential, based on Mosqueda’s biopsychosocial model
(biological, psychological, and socioeconomic dimen-
sions), influence stroke patients’ activities of daily li-
ving performance during and after rehabilitation. Key
findings indicate that both biological and psychological
indicators predict activities of daily living outcomes,
with swallowing ability and rehabilitation motivation as
significant predictors. Moreover, higher rehabilitation
motivation strengthens the positive effect of swallo-
wing ability on activities of daily living. Tailored inter-
ventions could be designed to enhance rehabilitation
potential and improve functional outcomes for stroke
\patients undergoing rehabilitation therapy. )
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lobally, stroke or cerebrovascular accident is the

most common central nervous system disease
and remains the second leading cause of death (1).
The World Health Organization (WHO) reported that
15 million strokes occur annually. Of these, 5 mil-
lion individuals die and another 5 million suffer from
long-term disability (2). Patients with stroke usually
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face numerous sequelae related to functional impair-
ments, such as limb hemiplegia, aphasia, hemianopia,
visuospatial neglect, and cognitive dysfunction (2),
leading to difficulties in performing activities of daily
living (ADL). Motor recovery mostly occurs within 90
days after a stroke (3). Previous evidence consistently
indicates that rehabilitation following a stroke should
be performed as early as possible (4). Therefore,
inpatient rehabilitation is crucial for improving ADL
performance and reducing the length of stay (5). ADL
function is the most common indicator reflecting the
effectiveness of recovery in patients with stroke, during
and after undergoing rehabilitation therapy (6, 7).

Rehabilitation potential anticipates the effectiveness
of rehabilitation therapy, enabling patients with stroke
to receive personalized therapy and aid to successfully
complete their rehabilitation regimen, thereby enhan-
cing prognostic outcomes (8). The concept of rehabi-
litation potential has been elucidated and explored in
various studies (9—11). Mosqueda, in 1993, emphasi-
zed that rehabilitation potential should be utilized to
assess a patient’s capacity to attain subsequent rehabi-
litation outcomes and improve their overall quality of
life (9). The author further proposed a comprehensive
biopsychosocial model of rehabilitation potential, en-
compassing aspects of the biological (cardiovascular
and neuromuscular systems), psychological (rehabili-
tation motivation, depressive symptoms, and cognitive
function), and socioeconomic dimensions (social sup-
port and insurance) (9). Moreover, it has been proposed
that application of rehabilitation potential by healthcare
professionals should involve consideration of time and
functional recovery trajectories (10).

Biological dimension
Cardiovascular system
History of congestive heart
failure or angina
Neuromuscular system
Visual function
Hearing function
Language function
Swallowing ability

Muscle power

Urinary system

Urinary incontinence

- Psychological symptoms
- Cognitive function

Socioeconomic dimension

- Social support
- Additional private insurance

Psychological dimension
- Rehabilitation motivation
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In recent decades, the recognition and utilization of
rehabilitation potential have gradually gained promi-
nence in both clinical practice and research (12, 13).
Common criteria and principles employed to identify
rehabilitation potential among patients with stroke
include evaluating the level of deficits, ability to learn
and participate in a rehabilitation programme, rehabi-
litation motivation, and psychosocial support (14, 15).
However, these criteria and principles frequently lack
corresponding indicators and objective metrics for
evaluation (16). Moreover, the indicators chosen to
predict the effectiveness of rehabilitation vary among
studies when applied to patients with stroke (17-19).

Several stroke-related longitudinal studies have
reported the effect of potential factors, including
biological, psychological, and social factors, on
prognostic outcomes, such as ADL, during and after
receiving rehabilitation therapy from the inpatient to
the post-discharge period (17-20). However, psycho-
logical and social factors were generally overlooked
in these previous studies. Even though Mosqueda’s
biopsychosocial model of rehabilitation potential has
been utilized for the last 3 decades, to the best of our
knowledge no quantitative studies have been con-
ducted to explore the 3 dimensions of rehabilitation
potential while concurrently examining the effects of
proposed time-variant and time-invariant indicators
of rehabilitation potential on ADL trajectory from the
inpatient to the post-discharge period among patients
with stroke. Furthermore, the interaction between the
3 dimensions of rehabilitation potential on prognostic
outcomes has been less studied (21). Therefore, the
goals of this study were to develop indicators of three-

Fig. 1. Rehabilitation potential model for the stroke population.
Modified after Mosqueda9. The cardiovascular system includes
a medical history of heart disorder. The neuromuscular system
includes visual function, hearing function, language function,
swallowing ability, and muscle power. The urinary system includes
urinary incontinence.
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dimensional rehabilitation potential corresponding to
Mosqueda’s biopsychosocial model (Fig. 1) and exa-
mine the relationship between rehabilitation potential
and ADL trajectory from the time of transfer to the
rehabilitation ward to 1 month after discharge among
patients with stroke receiving inpatient rehabilitation
therapy.

METHODS

This prospective longitudinal study employed a structured ques-
tionnaire completed by the participants at the time of transfer
to the rehabilitation ward (the first wave), 1-3 days before
discharge (the second wave), and 1 month after discharge (the
third wave). The data-collection period was from January 2020
to March 2021 through face-to-face interviews in the first and
second waves and subsequently through face-to-face or tele-
phone interviews in the third wave at the participant’s conve-
nience. The study protocol was approved by the Institutional
Review Board of National Taiwan University Hospital, Taipei
City, Taiwan (No. 201908071RINA). The study was conducted
in accordance with the principles of the Declaration of Helsinki.
A trained research assistant briefed the participants on the
study regarding its design, purpose, and the participants’ rights.
Written informed consent was obtained from all participants.

Participants

The study population included patients with stroke who were
transferred to a rehabilitation ward of a medical centre in Taipei
City, Taiwan. The recruited patients with stroke were at least
20 years old and exhibited modified Rankin Scale scores of
3-5. A research assistant contacted patients with stroke in the
medical centre’s rehabilitation ward and provided a brief de-
scription of the purpose of the study and the participant’s rights.
A signed consent form and contact information were provided
by the stroke patients who agreed to participate in the study.
The power and sample size for a repeated measures ANOVA
F-test were calculated using G*Power software (https://www.
psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-
und-arbeitspsychologie/gpower), with the following parameters:
effect size f=0.15, a=0.05, number of groups=1, number of
measurements=3, and a correlation among repeated measures
of 0.5. The analysis determined that a minimum sample size
of 73 participants was required to achieve a power of 0.8. With
an actual sample size of 101, our study is likely adequately
powered to detect a statistically significant difference. Of the
101 participants recruited, 98 and 93 completed the second and
third interviews, respectively.

Measurements

The study variables included background characteristics (age,
sex, marital status, educational level, family income, stroke
type, stroke history, stroke severity, admission days, and hospital
admission rehabilitation ward days), rehabilitation potential, and
ADLs. The three-dimensional rehabilitation potential comprised
the following: (i) the biological dimension, which included the
cardiovascular system (history of congestive heart failure or
angina), neuromuscular system (visual neglect, hearing and
language function, muscle power, and swallowing ability), and
urinary system (urinary incontinence); (ii) the psychological
dimension, including cognitive function, rehabilitation motiva-
tion, and psychological symptoms; and (iif) the socioeconomic
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dimension, including additional private insurance and social
support. Among the study variables, swallowing ability, reha-
bilitation motivation, psychological symptoms, social support,
and ADL were time-variant variables measured at the time of
transfer to the rehabilitation ward, 1-3 days before discharge,
and 1 month after discharge.

Language function was classified into 4 categories: (7) aphasia
and dysarthria, (i7) aphasia only, (ii7) dysarthria only, and (iv)
none. These categories were further grouped into those with
language function impairment (“aphasia and dysarthria”, “apha-
sia only”, and “dysarthria only”’) and those with no impairment.

The swallowing ability of patients with stroke was evaluated
using the Functional Oral Intake Scale, a tool that assesses the
patient’s ability to swallow based on food texture and methods
of food intake (22). The functional and assigned values ranged
from 1 (representing non-oral intake with the use of a feeding
tube) to 7 (total oral intake with no restrictions). This scale can
yield continuous variables, with higher scores reflecting greater
swallowing ability (23, 24).

Cognitive function was assessed using the Short Portable
Mental Status Questionnaire (SPMSQ) (25). The questionnaire
is composed of 10 items, including memory, orientation, atten-
tion, and calculation. An error count of 3—4 items, 5-7 items,
and 8-10 items on the SPMSQ indicates the presence of mild,
moderate, and severe cognitive impairment, respectively.

Rehabilitation motivation was measured using an 8-item,
4-point Likert rehabilitation motivation scale (26-28). The scale
can be scored from 8 to 32 to measure the patient’s motivation
for rehabilitation therapy. Higher scores indicate increased
rehabilitation motivation.

Psychological symptoms were measured using the Brief
Symptom Rating Scale (BSRS-5), which has been validated
and used extensively in the Taiwanese population (29). BSRS-
5 is composed of 5 items: sleep problems, anxiety, distress,
depression, and feelings of inferiority. The BSRS-5 scale has a
score range of 020, with higher scores indicating more severe
psychological symptoms.

Social support was measured using a 9-item functional
social support scale with 3 dimensions: (i) emotional support,
which is the perceived caring, love, and empathy from others;
(if) instrumental support, which is the perceived support for
household chores from others; and (iii) informational support,
which is the received information on home or long-term care
and assistive devices from others (30). The scale has possible
scores ranging from 0 to 36. Higher scores indicate higher
perceived social support.

ADL was assessed using the 10-item Barthel Index. The
Barthel Index encompasses dimensions related to self-care
independence (such as feeding, bathing, grooming, dressing,
bowel and bladder control, and toilet use) and ADL (such as
transfers from bed to chair and back, mobility on level surfa-
ces, and stairs). The Barthel Index score ranges from 0 to 100,
where a score of 100 denotes complete self-sufficiency in daily
living and a score of 0 indicates total dependence on others for
ADL tasks. This scale has been previously used and validated
in patients with stroke (31, 32).

Data analysis

Descriptive statistics are presented as mean, standard deviation
(SD), median, range, frequency, and percentage. A generalized
estimating equation (GEE) model was used to account for repea-
ted measures. The null GEE model, which included only linear
and/or quadratic terms for the time variable, was used to report
the trajectories of swallowing ability, rehabilitation motivation,
psychological symptoms, social support, and ADL. The GEE

J Rehabil Med 56, 2024


https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
http://www.medicaljournals.se/jrm

JRM

JRM

JRM

was also used to examine the relationship between rehabilitation
potential and ADL from the time of transfer to the rehabilitation
ward until 1 month after discharge. As for the significant indi-
cators of rehabilitation potential, the effect of interactive terms
of “biological and psychological/socioeconomic indicators” on
ADL was examined separately due to the small cell size. Data
analysis was performed using IBM SPSS Statistics (version
22.0; IBM Corp, Armonk, NY, USA).

RESULTS

The participants’ background characteristics are sum-
marized in Table I. Most participants were admitted on
the day of stroke onset. The median number of days
from hospital admission to the rehabilitation ward was
10 (range, 0—40).

The rehabilitation potential and ADL of the study
participants are summarized in Table II. The mean
muscle power in the lower limbs of the affected side
in patients with stroke was 3.53+1.07. Over 40% of
the participants had urinary incontinence and approx-
imately 15% had moderate cognitive impairment, with
no cases of severe cognitive impairment observed. The
mean scores for swallowing ability and ADL increased,
whereas the mean score for rehabilitation motivation
decreased from the time of transfer to the rehabilita-
tion ward until 1 month after discharge. A null GEE
model was used to examine the trajectories of the
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Table I. Background variables of the study participants (n=101)

Characteristic n %
Age

< 50 years 16 15.8

> 50 years 85 84.2
Sex

Female 44 43.6

Male 57 56.4
Marital status

Single/divorced/widowed 33 32.7

Married 68 67.3
Educational level

Junior high school or lower 36 35.6

High school or above 65 64.4
Family income?

Insufficient 15 15.3

Just making a living 40 40.8

Sufficient 43 43.9
Stroke type

Infarction 75 74.3

Haemorrhage 26 25.7
Stroke history

No 75 74.3

Yes 26 25.7
Onset stroke severity (NIHSS)®

0-6 30 38.5

7-15 28 35.9

> 15 (worse) 20 25.6
an=98; n=78.

aforementioned time-varying variables. In the models
for rehabilitation motivation, only the linear terms
were significant. Rehabilitation motivation followed
a downward linear trajectory from the time of transfer

Table II. Rehabilitation potential and activities of daily living of the study participants (n=101)

Rehabilitation potentialt

Biological dimension

Socio-
Cardiovascular Urinary Psychological economic
system Neuromuscular system system dimension dimension
History of Language Muscle power in Moderate Additional
congestive heart Visual Hearing function the lower limb of  Urinary cognitive private
failure or angina neglect impairment  impairment” the affected side incontinence impairment insurance
Variables n (%) n (%) n (%) n (%) Mean (SD) n (%) n (%) n (%)
T1: Admission to the 19 (18.8%) 11 (14.1%) 8 (7.9%) 46 (45.5%) 3.53 (1.07)° 44 (43.6%) 17 (16.8%) 31 (31.6%)°

rehabilitation ward

Rehabilitation potentiali+

Biological dimension Psychological dimension

Socioeconomic dimension

Neuromuscular system

Activities of
Swallowing ability Rehabilitation motivation Psychological symptoms Social support daily living™
Variables Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
T1: Admission to the 5.02 (2.39) 28.91 (2.07) 3.78 (4.24) 30.92 (3.56) 39.65 (23.67)
rehabilitation ward
T2: 1-3 days before dischargec 6.05 (1.59) 28.77 (2.86) 3.10 (3.70) 31.54 (4.40) 71.33 (23.92)
T3: 1 month after discharge® 6.53 (1.02)¢ 27.07 (3.78)¢ 3.16 (3.81) 26.99 (10.63) 80.05 (26.37)
GEE null model B (SE) B (SE) B (SE) B (SE) B (SE)

Linear model
Intercept
Linear

Quadratic model
Intercept
Linear
Quadratic

5.07 (0.23)%**
0.73 (0.11)%**

5.02 (1.30)%**
1.30 (0.27)%**
-0.29 (0.10)**

29.12 (0.19)%**
-0.91 (0.20)***

3.71 (0.41)%**
-0.31 (0.25)

31.70 (0.41)%**
-1.92 (0.59)**

30.92 (0.35)%**
3.23 (0.96)***
-2.59 (0.62)***

41.18 (2.31)%**
19.87 (1.13)%**

39.65 (2.34)***
43.57 (2.89)%**
~12.00 (1.25)%**

an=78,°n=93, °n=98, ‘n=92, °n=87; flanguage function impairment includes aphasia or difficulty in articulation.
tBaseline characteristics of the rehabilitation potential at admission (T1).
ttRehabilitation potential and activities of daily living of the study participants and their null model of trajectories from admission to the rehabilitation ward (T1)
to 1 month after discharge (T3). Working correlation matrix: AR(1).
SD: standard deviation. **p<0.01; ***p<0.001.
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Fig. 2. Time trends of swallowing ability, rehabilitation motivation, social support, and activities of daily living from admission to the rehabilitation
ward to 1 month after discharge. T1: Admission to the rehabilitation ward; T2: 1-3 days before discharge; T3: 1 month after discharge.

to the rehabilitation ward to 1 month after discharge
(Fig. 2). Both the linear and quadratic terms were
significant in the swallowing ability, social support,
and ADL models. The scores for swallowing ability
and ADL were lowest at the time of transfer to the
rehabilitation ward, increased sharply until 1-3 days
before discharge, and then gradually flattened between
1-3 days before discharge and 1 month after discharge;
the score for social support slightly increased from the
time of transfer to the rehabilitation ward to 1-3 days
before discharge, and then decreased sharply until 1
month after discharge (Fig. 2).

The effect of rehabilitation potential indicators on
ADL from the time of transfer to the rehabilitation ward
to 1 month after discharge are presented in Table III.
In Models 1-4, both linear and quadratic terms were
significant, indicating that ADL followed an upward
curvilinear trajectory. The 3 dimensions of rehabilita-
tion potential were considered separately in Models
1-3, and the significant indicators of the three-dimen-
sional rehabilitation potential in these 3 models were
further analysed in Model 4. However, no indicators
of the socioeconomic dimension were significantly

associated with ADL in the socioeconomic dimension
models (Model 3). When the significant biological and
psychological indicators of rehabilitation potential
were considered concurrently (Model 4), swallowing
ability (B=3.19, standard error [SE]=0.72), muscle
power in the lower limb of the affected side (3="7.34,
SE=1.16), and urinary incontinence (fp=-15.49,
SE=2.56) in the biological dimension, rehabilitation
motivation (B=1.30, SE=0.29), and moderate cognitive
impairment (3=-8.59, SE=2.65) were significantly
associated with ADL. Patients with high swallowing
ability, muscle power, and rehabilitation motivation
had higher ADL scores. In contrast, patients with stroke
who had urinary incontinence and moderate cognitive
impairment experienced lower levels of ADL. Patients
with stroke aged 50 years had lower ADL scores.
The GEE reported that the interaction between swal-
lowing ability (biological dimension) and rehabilitation
motivation (psychological dimension) on ADL was
significant (Table IV). Swallowing ability and motiva-
tion for rehabilitation were dichotomized as categorical
variables. Compared with stroke patients who had low
levels of swallowing ability and rehabilitation motiva-
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Table III. GEE Model for ADL trajectory from admission to the rehabilitation ward to 1 month after discharge

Adjusted model

Model 1

Model 2 Model 3 Model 4

Model of psychological Model of socioeconomic

Unadjusted model Model of biological dimension  dimension dimension Model of 3 dimensions
Variable B (SE) 95% CI B (SE) 95% CI B (SE) 95% CI B (SE) 95% CI B (SE) 95% CI
Trend over time
Linear (time) 40.81 [34.20, 47.43] 42.62 [36.23, 42.91 [37.19, 38.62 [32.85,
(3.38)%** (2.75)%** 47.02] (2.92)%** 48.64] (2.94)%**  43.39]
Quadratic -11.28 [-14.19, -8.37] -10.26 [-12.67, -11.60 [-14.08, -9.90 [-12.43,
(1.49)%** (1.23)%** -7.85] (1.27)%** -9.11] (1.29)***  -7.37]
Background
variable
Age: > 50 years -4.39 (2.58)  [-9.44, 0.66] -14.20 [-21.64, -15.14 [-24.10, -9.37 [-14.95,
old (3.79)%** -6.77] (4.57)%* -6.18] (2.85)**  -3.78]
Sex: male 4.85 (2.63) [-0.31,10.01]  5.41(3.63) [-1.71, 6.01 (4.30)  [-2.43, 2.48 (2.29) [-2.01,
12.53] 14.44] 6.96]
Biological
dimension
History of -8.58 (6.42) [-21.16,4.00] -0.13(2.57) [-5.17, 4.91]
congestive heart
failure or angina
Visual neglect  -20.67 (8.62)* [-37.57, -3.76] -0.22 (4.59)  [-9.21, 8.77]
Hearing -9.67 (4.68)* [-18.85, -0.50] 0.37 (1.49) [-2.56, 3.30]
impairment
Language -10.05 (4.55)* [-18.97, -1.12] -2.61 (2.54)  [-7.59, 2.37]
function
impairment
Swallowing 9.31 (0.74)*** [7.86, 10.76] 3.13 (1.02)** [1.13, 5.14] 3.19 [1.79, 4.60]
ability (0.72)%%*
Muscle power in 12.84 [9.44, 16.25] 8.51 (1.83)*** [4.94, 12.09] 7.34 [5.06, 9.61]
the lower limb ~ (1.74)%%* (1.16)%x*
of the affected
side
Urinary -28.76 [-36.26, -21.27] -17.29 [-24.34, -10.24] -15.49 [-20.51,
incontinence (3.82)%** (3.60)*** (2.56)**%*  -10.48]
Psychological
dimension
Rehabilitation ~ 0.96 (0.42)*  [0.13, 1.80] 1.40 [0.78, 1.30 [0.72, 1.84]
motivation (0.31)%*x* 2.01] (0.29)**x*
Psychological ~ -1.06 (0.40)** [-1.84, -0.27] -0.23(0.31) [-0.84,
symptoms 0.37]
Moderate -21.35 [-31.64, -11.05] -11.97 [-18.97, -8.59 [-13.79,
cognitive (5.25)%%* (3.60)** -4.97] (2.65)**  -3.39]
impairment
Social dimension
Social support  1.13 (0.17)*** [0.79, 1.47] 0.08 (0.13) [-0.17,
0.33]
Additional private -0.22 (5.00)  [-10.02, 9.59] -1.11 (4.81) [-10.53,
insurance 8.31]

Working correlation matrix: AR (1). GEE: generalized estimating equation; SE: standard error; CI: confidence interval. *p < 0.05; **p < 0.01; ***p < 0.001.

tion, those who had low levels of swallowing ability
and high levels of rehabilitation motivation (f=18.38,
SE=4.06,p<0.001), high levels of swallowing ability
and low levels of rehabilitation motivation (=28.65,
SE=4.54, p<0.001), and high levels of both swallo-
wing ability and rehabilitation motivation (B=30.10,
SE=4.16, p<0.001), had higher levels of ADL.

DISCUSSION

According to the study’s findings, ADL during and af-
ter inpatient rehabilitation therapy followed an upward
curvilinear trajectory. The key indicators of rehabilita-
tion potential for ADL outcomes among stroke patients
were primarily from the biological dimension (e.g.,
swallowing ability) and the psychological dimension

Table IV. Generalized estimating equation models of the effect of the interaction between biological (swallowing ability) and psychological
(rehabilitation motivation) indicators of rehabilitation potential on activities of daily living

Activities of daily living

Model B (SE) 95% CI p-value
Swallowing ability? and rehabilitation motivation®
Low level of swallowing ability, low level of rehabilitation motivation 1
Low level of swallowing ability, high level of rehabilitation motivation 18.38 (4.06) [10.41, 26.35] < 0.001%**
High level of swallowing ability, low level of rehabilitation motivation 28.65 (4.54) [19.76, 37.54] < 0.001%**
High level of swallowing ability, high level of rehabilitation motivation 30.10 (4.16) [21.95, 38.25] < 0.001%**

Working correlation matrix: AR (1).

The adjusted model included time (before vs after receiving hospital rehabilitation), age (< 50 years old vs = 50 years old), and sex (female vs male).
aCut-off point of swallowing ability: 3/4. "Cut-off point of rehabilitation motivation: 28/29 [median].

SE: standard error; CI: confidence interval. ***p<0.001.
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(e.g., rehabilitation motivation), with no significant
indicators from the socioeconomic dimension. Of
the significant indicators of rehabilitation potential,
both swallowing ability and rehabilitation motivation
changed over time. Moreover, the interaction between
swallowing ability and rehabilitation motivation was
significant, indicating that the effects on ADL during
and after inpatient rehabilitation therapy varied among
those who had different levels of swallowing ability
with different levels of rehabilitation motivation.

ADL scores among patients with stroke were the lo-
west before undergoing inpatient rehabilitation therapy
in the rehabilitation ward, increased sharply until 1-3
days before discharge, and then gradually increased
slightly between 1-3 days before discharge and 1 month
after discharge. This upward curvilinear trajectory was
concurrent with previous stroke studies showing that the
ADL trajectory drastically increased initially and then
increased to a lesser extent thereafter (33, 34). Previous
evidence has shown that the 90-day period following
stroke is the main period for functional recovery (3).
Moreover, inpatient rehabilitation performed in the
early post-stroke period can significantly promote
functional recovery. These reasons could explain why
ADL initially increased sharply in patients with stroke.

Rehabilitation potential may change over time (10).
Of the significant time-variant indicators of rehabilita-
tion potential regarding ADL, the swallowing ability
and rehabilitation motivation changed over time in
this study. Swallowing ability followed an upward
curvilinear trajectory. The increased change in swal-
lowing status during the inpatient period was greater
than that in the early post-discharge period, which may
be related to the effectiveness of inpatient swallowing
therapy for stroke patients with dysphagia (35, 36).
The study found that rehabilitation motivation slightly
decreased from admission to the rehabilitation ward
to 1 month after discharge. This study was conducted
during the coronavirus disease 2019 (COVID-19) out-
break, when hospitals in Taiwan imposed strict visitor
restrictions. At our hospital, we limited the number of
visitors/caregivers to 1 per patient. During this period,
patients with stroke tended to be homesick and wan-
ted to recover quickly. Subsequently, they received
assistance, encouragement, and follow-up from the
inpatient rehabilitation team, which could have enhan-
ced their motivation for rehabilitation. Taken together,
patients with stroke reported increased rehabilitation
motivation and perceived better social support from the
healthcare team during the inpatient period compared
with the post-discharge period.

Both biological and psychological indicators of re-
habilitation potential are critical factors related to the
functional effectiveness of rehabilitation. To the best
of our knowledge, this is the first longitudinal study

Y-T. Tseng et al. "Rehabilitation potential effects on ADL”

p. 7 of 9

that attempted to delineate the effects of the different
sub-dimensions of rehabilitation potential on ADL.
When statistically significant indicators from the 3
dimensions of rehabilitation potential were considered
together, these biological and psychological indicators
were still significantly associated with ADL among
patients with stroke in the rehabilitation ward. The
findings of this investigation imply that individual
biological and psychological attributes play a more
prominent role in determining the efficacy of rehabili-
tation compared with socioeconomic indicators (social
support and additional private insurance). However,
this result may be influenced by the specific socioeco-
nomic indicators selected for analysis. Notably, stroke
patients in this study reported higher levels of social
support, likely due to long-term care resources and
universal health insurance provided by government po-
licies, along with assistance from healthcare teams and
familial networks. The relatively low variation in social
support among stroke patients makes it more challen-
ging to reflect the correlation between social support
and ADL outcomes, despite previous studies indicating
an association between the two (37-39). Additionally,
the widespread universal health coverage in Taiwan
could potentially diminish the differential advantages
conferred by private insurance on the functional out-
comes of stroke patients. Although our findings did not
identify significant indicators of rehabilitation potential
from the socioeconomic dimension, the possibility
of alternative indicators cannot be ruled out. Given
the differences in sociocultural environments, future
research could incorporate relevant socioeconomic
indicators for further investigation.

Mosqueda’s rehabilitation potential model demon-
strated the convergence of 3 (biological, psychological,
or social) dimensions, which implied that the interac-
tion among the 3 dimensions should be considered.’
Our findings on the effects of the interaction between
the biological dimension and psychological dimension
on ADL could be evidence to support Mosqueda’s
model. This study indicated that a disparity between
the connection between swallowing ability (biological
dimension) and ADL differed depending on the level of
rehabilitation motivation (psychological dimension). A
stronger relationship between swallowing ability and
ADL was observed in patients with stroke with higher
rehabilitation motivation. Strategies to increase reha-
bilitation motivation should be developed to enhance
the effect of swallowing ability on ADL in patients
with stroke.

Over the past 3 decades, rehabilitation potential has
garnered sustained attention; however, a unified and
standardized method for its measurement has yet to
be established. While previous literature has primarily
focused on conceptual definitions of rehabilitation po-
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tential, only a limited number of studies have addressed
operational definitions and measurement frameworks
(9—-11). Among these, Mosqueda’s three-dimensional
biopsychosocial model emerges as a notable fram-
ework for measuring rehabilitation potential (9). In
this quantitative study, corresponding measurement
indicators of rehabilitation potential were developed
based on Mosqueda’s model to predict the effective-
ness of rehabilitation. Future research could examine
the impact of these indicators on other rehabilitation
outcomes, such as quality of life. Moreover, objective
criteria for assessing rehabilitation potential should
be established, and scales could be further developed
to enhance the evaluation of rehabilitation potential.
Furthermore, machine-learning techniques can be
integrated into clinical practice to provide healthcare
professionals with a quick and straightforward assess-
ment of rehabilitation potential.

Limitations

This study has some limitations. Among the patients
with stroke who participated in this study, no statisti-
cally significant differences were found between those
who completed the 3-wave questionnaire and those
who did not. To increase response rates, we used 3
different modes (face-to-face interview, telephone in-
terview, and email) to collect data for practical reasons
with low attrition rates (2.97% in the second wave and
5.10% in the third wave). However, the mode effect
cannot be ruled out in the data between the first and
the third wave. All patients with stroke in this study
were recruited from single medical centre. However,
this medical centre is the largest national referral cen-
tre in Taiwan. Additionally, certain factors should be
considered when studying the link between rehabilita-
tion potential and outcomes. Life goals, which are the
“desired states that individuals seek to achieve, main-
tain, or avoid”, can influence rehabilitation motivation
and in turn may affect the rehabilitation outcomes
(40). These goals might shape why someone pursues
rehabilitation and how much recovery they aim for.
Therefore, future studies should take into account the
reasons for pursuing rehabilitation, the desired level of
recovery, and life goals when exploring the relationship
between rehabilitation potential and outcomes. Lastly,
because various medical systems, welfare policies, and
family cultures largely vary in different countries, it
is yet to be determined whether the findings can be
generalized to patients with stroke with different so-
ciocultural backgrounds, hence meriting further study.

Conclusions

The period from receiving inpatient rehabilitation
therapy to 1 month after discharge is a crucial phase
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for the recovery of ADL function. To improve ADL
performance, appropriate strategies should be develo-
ped according to the rehabilitation potential of patients
with stroke. A rehabilitation potential checklist for
functional outcome could be built upon Mosqueda’s
biopsychosocial model of rehabilitation potential,
consisting of biological (swallowing ability, muscle
power, and urinary incontinence) and psychological
(rehabilitation motivation and cognitive function)
indicators, which could be used to detect objective
levels of rehabilitation potential early on. Additionally,
swallowing ability and rehabilitation motivation are
dynamic and time-variant indicators of rehabilita-
tion potential during the inpatient and post-discharge
periods. Policymakers and health practitioners should
pay more attention to rehabilitation potential status
over time and provide corresponding interventions to
improve post-stroke ADL function.

ACKNOWLEDGEMENTS

Funding: This study was supported by the National Taiwan
University Hospital, Taipei City, Taiwan, grant number: 109-
004484. The funding source had no influence on the study or
article preparation.

Data availability statement: The dataset that supports the fin-
dings of this study is not publicly available because of privacy
or ethical restrictions but is available from the corresponding
author upon reasonable request.

The authors have no conflicts of interest to declare.

REFERENCES

1. Feigin VL, Brainin M, Norrving B, Martins S, Sacco RL,
Hacke W, et al. World Stroke Organization (WSO): Global
stroke fact sheet 2022. Int J Stroke 2022; 17: 18-29.
https://doi.org/10.1177/17474930211065917

2. World Health Organization (2023) Stroke, cerebrovascu-
lar accident. Available from: https://www.emro.who.int/
health-topics/stroke-cerebrovascular-accident/index.html

3. Dromerick AW, Geed S, Barth J, Brady K, Giannetti ML,
Mitchell A, et al. Critical Period After Stroke Study (CPASS):
a phase II clinical trial testing an optimal time for motor
recovery after stroke in humans. Proc Natl Acad Sci U S
A 2021; 118. https://doi.org/10.1073/pnas.2026676118

4. Kwakkel G, Kollen B, Twisk J. Impact of time on improve-
ment of outcome after stroke. Stroke 2006; 37: 2348-2353.
https://doi.org/10.1161/01.STR.0000238594.91938.1e

5. Bindawas SM, Vennu V, Moftah E. Improved functions
and reduced length of stay after inpatient rehabilitation
programs in older adults with stroke: a systematic re-
view and meta-analysis of randomized controlled trials.
NeuroRehabilitation 2017; 40: 369-390. https://doi.
org/10.3233/NRE-161425

6. Li J, Wang J, Wu B, Xu H, Wu X, Zhou L, et al. Association
between early cognitive impairment and midterm func-
tional outcomes among Chinese acute ischemic stroke
patients: a longitudinal study. Front Neurol 2020; 11: 20.
https://doi.org/10.3389/fneur.2020.00020

7. H EW, Abzhandadze T, Rafsten L, Sunnerhagen KS. De-
pendency in activities of daily living during the first year
after stroke. Front Neurol 2021; 12: 736684. https://doi.
org/10.3389/fneur.2021.736684

J Rehabil Med 56, 2024


https://doi.org/10.1177/17474930211065917
https://doi.org/10.1073/pnas.2026676118
https://doi.org/10.1161/01.STR.0000238594.91938.1e
https://doi.org/10.3233/NRE-161425
https://doi.org/10.3233/NRE-161425
https://doi.org/10.3389/fneur.2020.00020
https://doi.org/10.3389/fneur.2021.736684
https://doi.org/10.3389/fneur.2021.736684
http://www.medicaljournals.se/jrm

JRM

JRM

JRM

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Rentz D. The assessment of rehabilitation potential: cog-

nitive factors. Psychological aspects of geriatric rehabilita-
tion. Aspen: Gaithersburg, 1991.

. Mosqueda LA. Assessment of rehabilitation potential. Clin

Geriatr Med 1993; 9: 689-703. https://doi.org/10.1016/
S0749-0690(18)30371-9

Burton CR, Horne M, Woodward-Nutt K, Bowen A, Tyr-
rell P. What is rehabilitation potential? Development of
a theoretical model through the accounts of healthcare
professionals working in stroke rehabilitation services.
Disabil Rehabil 2015; 37: 1955-1960. https://doi.org/10
.3109/09638288.2014.991454

Lam Wai Shun P, Swaine B, Bottari C. Combining scoping
review and concept analysis methodologies to clarify the
meaning of rehabilitation potential after acquired brain
injury. Disabil Rehabil 2022; 44: 817-825. https://doi.or
g/10.1080/09638288.2020.1779825

Wade DT. Rehabilitation potential: a critical review of its
meaning and validity. Clin Rehabil 2023; 37: 869-875.
https://doi.org/10.1177/02692155221147606

New PW. The assessment and selection of potential reha-
bilitation patients in acute hospitals: a literature review
and commentary. Open Rehabil 1 2009; 2: 24-34. https://
doi.org/10.2174/1874943700902010024

Heart and Stroke Foundation of Canada and the Cana-
dian Stroke Society. (1999). Stroke Treatment Education
Program: the latest in optimal stroke management for
emergency and acute care. Ottawa, Ont: HSFC, CSS.
MacKay-Lyons MJ, Makrides L. Cardiovascular stress during
a contemporary stroke rehabilitation program: is the inten-
sity adequate to induce a training effect? Arch Phys Med
Rehabil 2002; 83: 1378-1383. https://doi.org/10.1053/
apmr.2002.35089

Lam Wai Shun P, Bottari C, Ogourtsova T, Swaine B. Explo-
ring factors influencing occupational therapists’ perception
of patients’ rehabilitation potential after acquired brain
injury. Aust Occup Ther J 2017; 64: 149-158. https://
doi.org/10.1111/1440-1630.12327

Harari Y, O’Brien MK, Lieber RL, Jayaraman A. Inpatient
stroke rehabilitation: prediction of clinical outcomes using
a machine-learning approach. J Neuroeng Rehabil 2020;
17: 71. https://doi.org/10.1186/s12984-020-00704-3
Kobylariska M, Kowalska J, Neustein J, Mazurek J, Wojcik
B, Betza M, et al. The role of biopsychosocial factors in
the rehabilitation process of individuals with a stroke.
Work 2018; 61: 523-535. https://doi.org/10.3233/
WOR-162823

Shea-Shumsky NB, Schoeneberger S, Grigsby J. Executive
functioning as a predictor of stroke rehabilitation outco-
mes. Clin Neuropsychol 2019; 33: 854-872. https://doi.
0org/10.1080/13854046.2018.1546905

Lui SK, Nguyen MH. Elderly stroke rehabilitation: over-
coming the complications and its associated challenges.
Curr Gerontol Geriatr Res 2018; 2018: 9853837. https://
doi.org/10.1155/2018/9853837

Petrizzo A, Lyons KS, Bartoli D, Simeone S, Alvaro R, Lee
CS, et al. The moderating role of caregiver preparedness
on the relationship between depression and stroke-spe-
cific quality of life in stroke dyads: a longitudinal study.
Eur J Cardiovasc Nurs 2023; 22: 53-63. https://doi.
org/10.1093/eurjcn/zvac037

Crary MA, Mann GD, Groher ME. Initial psychometric as-
sessment of a functional oral intake scale for dysphagia
in stroke patients. Arch Phys Med Rehabil 2005; 86:
1516-1520. https://doi.org/10.1016/j.apmr.2004.11.049
Tseng YT, Han DS, Lai JC, Wang CH, Wang TG, Chen HH.
The influence of hemoglobin and swallowing ability on
daily living activities after hospital discharge in Taiwanese
stroke patients: a longitudinal study. Arch Phys Med Re-
habil 2023; 104: 1638-1645. https://doi.org/10.1016/j.
apmr.2023.05.005

Waza M, Maeda K, Katsuragawa C, Sugita A, Tanaka R,
Ohtsuka A, et al. Comprehensive tool to assess oral feeding

Y-T. Tseng et al. "Rehabilitation potential effects on ADL”

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

p. 9 of 9

support for functional recovery in post-acute rehabilita-
tion. J Am Med Dir Assoc 2019; 20: 426-431. https://doi.
org/10.1016/j.jamda.2018.10.022

Pfeiffer E. A short portable mental status questionnaire
for the assessment of organic brain deficit in elderly pa-
tients. J Am Geriatr Soc 1975; 23: 433-441. https://doi.
org/10.1111/j.1532-5415.1975.tb00927.x

Litman TJ. Self-conception and physical rehabilitation.
Human behavior and social processes. London: Routledge;
2013: p. 550-574.

Litman TJ. An analysis of the sociologic factors affecting
the rehabilitation of physically handicapped patients. Arch
Phys Med Rehabil 1964; 45: 9-16.

Yu HF, Guo NW, Chen HY, Liang CP. Factors affecting stroke
patients’ motivations for rehabilitation. Kaohsiung J Med
Sci 1993; 9: 305-316.

Chen HC, Wu CH, Lee Y], Liao SC, Lee MB. Validity of the
five-item Brief Symptom Rating Scale among subjects
admitted for general health screening. J Formos Med As-
soc 2005; 104: 824-829.

Chen TL, Tai CJ, Chu YR, Han KC, Lin KC, Chien LY. Cultural
factors and social support related to breastfeeding among
immigrant mothers in Taipei City, Taiwan. J Hum Lact 2011;
27: 41-48. https://doi.org/10.1177/0890334410376519
Duffy L, Gajree S, Langhorne P, Stott D], Quinn TJ. Re-
liability (inter-rater agreement) of the Barthel Index for
assessment of stroke survivors: systematic review and
meta-analysis. Stroke 2013; 44: 462-468. https://doi.
org/10.1161/STROKEAHA.112.678615

Zhang WW, Speare S, Churilov L, Thuy M, Donnan G,
Bernhardt J. Stroke rehabilitation in China: a systematic
review and meta-analysis. Int J Stroke 2014; 9: 494-502.
https://doi.org/10.1111/ijs.12029

Langhammer B, Sunnerhagen KS, Lundgren-Nilsson A&,
Sallstrom S, Becker F, Stanghelle JK. Factors enhancing
activities of daily living after stroke in specialized reha-
bilitation: an observational multicenter study within the
Sunnaas International Network. Eur J Phys Rehabil Med
2017; 53: 725-734. https://doi.org/10.23736/S1973-
9087.17.04489-6

Musa KI, Keegan TJ. The change of Barthel Index scores
from the time of discharge until 3-month post-discharge
among acute stroke patients in Malaysia: a random inter-
cept model. PLoS One 2018; 13: e0208594. https://doi.
org/10.1371/journal.pone.0208594

Huang KL, Liu TY, Huang YC, Leong CP, Lin WC, Pong
YP. Functional outcome in acute stroke patients with
oropharyngeal dysphagia after swallowing therapy. ]
Stroke Cerebrovasc Dis 2014; 23: 2547-2553. https://doi.
org/10.1016/j.jstrokecerebrovasdis.2014.05.031
Jongprasitkul H, Kitisomprayoonkul W. Effectiveness of
conventional swallowing therapy in acute stroke patients
with dysphagia. Rehabil Res Pract 2020; 2020: 2907293.
https://doi.org/10.1155/2020/2907293

Hawkins RJ, Jowett A, Godfrey M, Mellish K, Young J,
Farrin A, et al. Poststroke trajectories: the process of
recovery over the longer term following stroke. Glob
Qual Nurs Res 2017; 4: 2333393617730209. https://doi.
org/10.1177/2333393617730209

Bailey R. Examining daily physical activity in community-
dwelling adults with stroke using social cognitive theory:
an exploratory, qualitative study. Disabil Rehabil 2020;
42: 2631-2639. https://doi.org/10.1080/09638288.20
19.1568591

Hall J, Morton S, Fitzsimons CF, Hall JF, Corepal R, Eng-
lish C, et al. Factors influencing sedentary behaviours
after stroke: findings from qualitative observations and
interviews with stroke survivors and their caregivers. BMC
Public Health 2020; 20: 967. https://doi.org/10.1186/
$12889-020-09113-6

Sivaraman Nair KP. Life goals: the concept and its rele-
vance to rehabilitation. Clin Rehabil 2003;17: 192-202.
https://doi.org/10.1191/0269215503cr5990a

J Rehabil Med 56, 2024


https://doi.org/10.1016/S0749-0690(18)30371-9
https://doi.org/10.1016/S0749-0690(18)30371-9
https://doi.org/10.3109/09638288.2014.991454
https://doi.org/10.3109/09638288.2014.991454
https://doi.org/10.1080/09638288.2020.1779825
https://doi.org/10.1080/09638288.2020.1779825
https://doi.org/10.1177/02692155221147606
https://doi.org/10.2174/1874943700902010024
https://doi.org/10.2174/1874943700902010024
https://doi.org/10.1053/apmr.2002.35089
https://doi.org/10.1053/apmr.2002.35089
https://doi.org/10.1111/1440-1630.12327
https://doi.org/10.1111/1440-1630.12327
https://doi.org/10.1186/s12984-020-00704-3
https://doi.org/10.3233/WOR-162823
https://doi.org/10.3233/WOR-162823
https://doi.org/10.1080/13854046.2018.1546905
https://doi.org/10.1080/13854046.2018.1546905
https://doi.org/10.1155/2018/9853837
https://doi.org/10.1155/2018/9853837
https://doi.org/10.1093/eurjcn/zvac037
https://doi.org/10.1093/eurjcn/zvac037
https://doi.org/10.1016/j.apmr.2004.11.049
https://doi.org/10.1016/j.apmr.2023.05.005
https://doi.org/10.1016/j.apmr.2023.05.005
https://doi.org/10.1016/j.jamda.2018.10.022
https://doi.org/10.1016/j.jamda.2018.10.022
https://doi.org/10.1111/j.1532-5415.1975.tb00927.x
https://doi.org/10.1111/j.1532-5415.1975.tb00927.x
https://doi.org/10.1177/0890334410376519
https://doi.org/10.1161/STROKEAHA.112.678615
https://doi.org/10.1161/STROKEAHA.112.678615
https://doi.org/10.1111/ijs.12029
https://doi.org/10.23736/S1973-9087.17.04489-6
https://doi.org/10.23736/S1973-9087.17.04489-6
https://doi.org/10.1371/journal.pone.0208594
https://doi.org/10.1371/journal.pone.0208594
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.05.031
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.05.031
https://doi.org/10.1155/2020/2907293
https://doi.org/10.1177/2333393617730209
https://doi.org/10.1177/2333393617730209
https://doi.org/10.1080/09638288.2019.1568591
https://doi.org/10.1080/09638288.2019.1568591
https://doi.org/10.1186/s12889-020-09113-6
https://doi.org/10.1186/s12889-020-09113-6
https://doi.org/10.1191/0269215503cr599oa
http://www.medicaljournals.se/jrm

