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Objective  To develop a new prediction model by combining independence in eating and bladder management 
functions, and to assess its utility in an acute care setting.
Methods  Patients with ischemic stroke who were admitted in our acute stroke care unit (n=250) were enrolled 
in this study. Functional Independence Measure (FIM) scores for eating and bladder management on the initial 
day of rehabilitative treatment (median, 3 days) were collected as predictive variables. These scores were divided 
into low (<5) and high (≥5) and categorized as values 0 and 1, respectively. From the simple summation of these 
two-level model values, we derived a three-level model that categorized the scores as values 0, 1, and 2. The FIM-
motor scores at discharge (median, 14 days) were collected as outcome measurements. The three-level model was 
assessed by observing the distribution patterns of the outcome FIM-motor scores and logistic regression analyses.
Results  The median outcome FIM-motor score was 19 (interquartile range [IQR],13.8–45.3) for the value 0 
category (n=14), 66.5 (IQR, 59.5–81.8) for the value 1 category (n=16), and 84 (IQR, 77–89) for the value 2 category 
(n=95) in the three-level model. Data fitting by logistic regression for FIM-motor scores of 41.3 and 61.4 reached 
50% probability of values 1 and 2, respectively.
Conclusion  Despite the simplicity of the three-level model, it may be useful for predicting outcomes of patients 
with ischemic stroke in acute care.
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INTRODUCTION

Ischemic stroke is a major cause of disability in most 
advanced countries [1]. In patients with ischemic stroke, 
rehabilitation is often prescribed to improve activities of 
daily living (ADL) [2], and to maximize the efficacy of re-
habilitation programs, outcome prediction is critical [3].

Various types of outcome prediction methodologies 
have been proposed in terms of ADL, with several studies 
focusing on brain imaging data [4,5]. In addition, mag-
netic resonance diffusion-tensor imaging (DTI) is one of 
the most promising neuroimaging techniques, although 
its predictive accuracy remains unclear [6]. The National 
Institutes of Health Stroke Scale (NIHSS) [7] was devel-
oped as another type of outcome prediction methodology 
that includes symptom severity and was the most com-
monly used methodology in previous studies [8,9]. Its 
advantage is that outcome prediction can be performed 
soon after stroke onset. However, there is little evidence 
of its predictive accuracy using early phase data (e.g., 
NIHSS scores within 2 days after stroke onset) [10]. An-
other suggested outcome prediction methodology is the 
use of ADL scores such as the Functional Independence 
Measure (FIM) and Barthel Index [11-14]. This method-
ology is generally more accurate than the NIHSS (clini-
cal severity) and DTI, partially because the prediction is 
made within the same modality of the measurements (i.e., 
ADL). However, it is usually applied several weeks after 
stroke onset. In addition, its clinical applicability during 
the acute phase remains unclear.

Previous studies revealed that, inmost stroke cases, 
eating is the easiest and the first item to recover among 
ADL items [15,16]. This indicates that the independence 
of eating is essential for predicting the outcome of stroke 
patients during acute care. In addition, urinary incon-
tinence is frequently observed in stroke patients [17]. 
A recent systematic review indicated that the indepen-
dence of bladder function is a critical factor for a good 
outcome [18]. Mizrahi et al. [19,20] developed prediction 
models focusing on either eating or bladder management 
function within 7 days after stroke onset. They collected 
outcome FIM scores obtained 40–60 days after stroke 
onset and assessed these data in relation to dichotomous 
categories (dependent vs. assistance) for either eating or 
bladder management functions. In the present study, we 
attempted to extend the dichotomous categorical model 

by combining independence in both eating and bladder 
management functions and applying them to a newly 
developed three-level model. Our aim was to assess the 
clinical utility of this new three-level model.

MATERIALS AND METHODS

Patients
The work presented here is an extension of earlier stud-

ies by our research group [21] and is based on further 
analysis of previously reported data. The study popula-
tion consisted of 250 stroke patients [21]. We retrospec-
tively sampled patients with ischemic stroke who were 
admitted to the stroke care unit (SCU) of the Nishinomiya 
Kyoritsu Neurosurgical Hospital between April 2015 and 
March 2016. The study was approved by the Institutional 
Review Board of the Hyogo College of Medicine (No. 
2454). Informed consent was obtained using the opt-out 
method. The diagnosis of ischemic stroke was made by 
examining diffusion-weighted intensity images obtained 
using a 3.0T magnetic resonance imaging scanner (Trio; 
Siemens AG, Erlangen, Germany) [22]. During hospi-
talization, the patients typically received conservative 
treatments, such as medication and rehabilitation, in ac-
cordance with guidelines of the Japanese Stroke Society 
[23,24]. According to the Japanese medical insurance 
system, after inpatients with stroke have received medi-
cal treatment for several weeks in an acute care hospital, 
they are typically discharged or transferred to a long-
term rehabilitation facility [25].

From medical records during hospitalization, we col-
lected patient data, including age, sex, modified Rankin 
Scale (mRS) score before stroke onset, NIHSS score, 
initial day of rehabilitative treatment (initial rehabilita-
tion), length of stay (LOS), and FIM scores. Criteria for 
inclusion in our analytical database were pre-hospital-
ization mRS ≤1, undergoing rehabilitative treatment, and 
exhibiting no deterioration of symptoms (indexed by 
the NIHSS) within 7 days after onset. The day of admis-
sion was defined as day 1, and the NIHSS data at initial 
rehabilitation were entered into the analytical database. 
The aim of this study was to propose a new three-level 
model for outcome prediction and assess its predictive 
accuracy. To do this, we employed two steps to evaluate 
the model. For the two steps of model evaluations, total 
samples from the analytical database were randomly al-
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located into the two groups in a 1:1 ratio (Groups 1 and 2). 
JMP software (version 12.0.1; SAS Institute Inc., Cary, NC, 
USA) was used for all statistical analyses.

FIM measurements
FIM is one of the most frequently used scoring systems 

for assessing ADL in the rehabilitation of stroke patients 
[26]. The motor component of the FIM (FIM-motor) com-
prises the following 13 items: eating, grooming, bathing, 
dressing the upper body, dressing the lower body, toilet-
ing, bladder management, bowel management, transfers 
to the bed/chair/wheelchair, transfers to the toilet, trans-
fers to the bathtub/shower, walking or wheelchair pro-
pulsion, and stair climbing. FIM scores are systemically 
graded on a 7-point scale: 1=total assistance, 2=maximal 
assistance, 3=moderate assistance, 4=minimal contact 
assistance, 5=supervision or set-up, 6=modified indepen-
dence, and 7=complete independence. The total summa-
tion of FIM-motor scores (range, 13–91) is often used as 
an index for ADL.

In this study, FIM scores were sampled twice during 
hospitalization at initial rehabilitation and at discharge. 
The scores were assessed by physical therapists in agree-
ment with the attending nursing staff. Data from the ini-
tial rehabilitation were used to develop prediction mod-
els by categorizing the FIM-motor scores for eating and 
bladder management items (see the next section). The 
FIM-motor score at discharge was used as an index of the 
final outcome. In this study, we employed FIM version 
3, which can be used for academic purposes. To ensure 
the reliability of the FIM data [27,28], the scores were 
assessed by trained rehabilitation specialists, including 
physical therapists and occupational therapists.

Prediction models
By sampling FIM data at initial rehabilitation, we cat-

egorized eating and bladder management and developed 
prediction models. The cutoff point was set at 5 for the 
eating and bladder management items.

(1) Two-level models: FIM scores were divided into low 
(<5 points) and high (≥5 points). Low scores were cat-
egorized as value 0, and high scores were categorized as 
value 1. Such dichotomous two-level models were gener-
ated based on the eating and bladder management items.

(2) Three-level model: We subsequently developed a 
three-level model by simple summation of the assigned 

values (0 or 1) in the two-level model for both the eating 
and bladder management items. For example, a patient 
with an FIM score of 3 for eating and 1 for bladder man-
agement was categorized as value 0, another patient with 
an FIM score of 5 for eating and 3 for bladder manage-
ment was categorized as value 1, and yet another patient 
with an FIM score of 7 for eating and 5 for bladder man-
agement was categorized as value 2.

Model evaluation 1
Categorical classifications of the prediction model 

scores in the two-level models were assessed using the 
Mann–Whitney U test with a significance level of p<0.05. 
In the three-level model, all possible pairs were assessed 
using Mann–Whitney U test with a conservative signifi-
cance level of p<0.01 to minimize the possibility of family 
wise error. Group 1 participants were sampled for these 
analyses. We also compared demographic data among 
categories of the prediction models using the Mann–
Whitney U test.

Model evaluation 2
We further analyzed the relationships between cat-

egories of the prediction models and final FIM-motor 
outcomes by employing logistic regression analyses [29]. 
Categorical classifications of the prediction models were 
set as target values and final FIM-motor scores as explan-
atory variables. Group 2 participants were sampled for 
these analyses, with a significance level of p<0.05.

The principle of logistic regression is to fit the probabil-
ity (p) of a dichotomous response to a linear model. The 
odds for these types of dichotomous responses [p/(1 − p)] 
can take any positive value. The logarithm of these odds 
is modeled as a simple regression:

log[p/(1 − p)]= α + βX,

where α is a constant, β is a coefficient, and X is an ex-
planatory variable. 

The two-level models were assessed using simple logis-
tic regression. Final FIM-motor scores that reached a 50% 
logistic probability of value 1 were assessed for both eat-
ing and bladder management items.

To extend the utility to multilevel ordinal responses, 
modeling of the odds of a simple regression cumulative 
probability was performed at each level. For the three-
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Table 1. Patient characteristics 

Total (n=250) Group 1 (n=125) Group 2 (n=125)
Age (yr) 74 (66–81) 73 (65–81) 74 (67–80.5)

Sex

   Male 155 74 81

   Female 95 51 44

NIHSS 3 (1–6) 3 (1.5–6) 3 (1–5)

Initial rehabilitation (day) 3 (2–3) 2 (2–3) 3 (2–3)

FIM eating score

   1 27 15 12

   2 1 0 1

   3 3 1 2

   4 5 3 2

   5 13 6 7

   6 83 40 43

   7 118 60 58

FIM bladder management score

   1 46 21 25

   2 5 1 4

   3 3 1 2

   4 3 2 1

   5 8 6 2

   6 5 2 3

   7 180 92 88

LOS (day) 14 (10–24) 14 (10–24) 14 (10–24.5)

FIM-motor at discharge 83 (68–88) 82 (68–88) 83 (67–88.5)

Values are presented as median (interquartile range).
For two-step procedures of model evaluation, total samples from the analytical database were randomly allocated into 
one of two groups in a 1:1 ratio (Groups 1 and 2). 
NIHSS, National Institutes of Health Stroke Scale; FIM, Functional Independence Measure; LOS, length of stay.
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Fig. 1. Box charts and plots for data distributions of the prediction models derived from Group 1 samples: (A) two-
level model eating, (B) two-level model bladder management, and (C) three-level model. Refer to Table 2 for statistical 
comparisons. Black dots in the value 1 category for the three-level model represent patients who were assigned value 
1 in the two-level model bladder management and value 0 in the two-level model eating. FIM, Functional Indepen-
dence Measure.
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level model responses (p1, p2, and p3; sum equals 1), 
the logarithm of the odds was modeled as two simple re-
gressions for the three-level model responses (note that 
single β and two levels of α were assessed).

log[p1/(p2 + p3)]= α1 + β1X
log[(p1 + p2)/p3]= α2 + β1X

The three-level model was assessed using a multilevel 
logistic regression. Final FIM-motor scores that reached 
50% logistic probability of values 1 and 2 were also as-
sessed.

RESULTS

Patient profiles
A total of 527 patients with ischemic stroke were ad-

mitted to the SCU during the study period. Of these, 425 
received rehabilitative treatment. Patients with an NIHSS 
score of 0 and a threat to life due to severe stroke typically 
did not receive rehabilitative treatment. We excluded 175 
patients from our analytical database because they did 
not meet the pre-hospitalization mRS criteria (n=154), 
exhibited deterioration of symptoms within 1 week after 
onset (n=17), or were absent from data collection (n=4). 
Subsequently, 250 patients were included in the final da-
tabase.

Table 1 shows patient demographics from our analytical 
database. The median age was 74 years, and there were 
more men than women (62%; n=155/250). The median of 
the NIHSS score at initial rehabilitation was 3 (interquar-
tile range [IQR], 1–6). The median at initial rehabilitation 
was 3 (IQR, 2–3). Median LOS was 14 days. The median 
FIM-motor score at discharge was 83 (IQR, 68–88).

Model evaluation 1
Fig. 1 and Table 2 show the categorical classifications of 

the prediction models. In the two-level models, analyses 
detected statistically significant differences in FIM-motor 
scores at discharge for both eating and bladder manage-
ment items. For eating, the median FIM-motor score was 
44 (IQR, 16–68) in the value 0 category and 83.5 (IQR, 
75–89) in the value 1 category. For bladder management, 
the median FIM-motor score was 46 (IQR, 17–74.5) in 
the value 0 category and 84 (IQR, 75.5–89) in the value 1 
category. Notably, the data distribution of the value 0 cat-
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egory was much larger than that of the value 1 category. 
Such observation was common in two-level models for 
eating and bladder management.

In line with the findings from the two-level models, 
analyses for the three-level model detected statistically 
significant differences in FIM-motor scores at discharge 
in all possible pairs. However, the patterns of the data 
distributions were different from those of the two-level 
models. Median FIM-motor score was 19 (IQR, 13.8–45.3) 
for the value 0 category, 66.5 (IQR, 59.5–81.8) for the 
value 1 category, and 84 (IQR, 77–89) for the value 2 cat-
egory; the data were evenly distributed in the FIM-motor 
range among these three categories. The value 1 category 
comprised 16 patients (Table 2). Of these, 11 were from 
the value 1 category in the two-level eating model, and 
the remaining 5 were from the value 1 category in the 
two-level bladder management model. This observation 
indicated the dominance of the eating items in the value 
1 category for the three-level model.

Model evaluation 2
Fig. 2 shows the logistic probability curves for the cat-

egories of all models in relation to the FIM-motor scores. 
Table 3 presents the parameter estimates of the logistic 
regression analyses. These results show that the relation-
ships between the categories in the prediction models 
and the FIM-motor scores sufficiently fit the logistic 
probability. In the two-level model for eating, an FIM-

motor score of 46.7 reached the 50% probability of a value 
of 1. However, for bladder management, the score was 
58.1. In the three-level model, the left curve defines the 
probability for the value 1 category, and the right curve 
defines the probability for the value 2 category. An FIM-
motor score of 41.3 and 61.4 reached 50% probability of 
values 1 and 2, respectively.

Table 3. Parameter estimates for multilevel logistic re-
gression analyses between categories and FIM-motor 
scores in prediction models (Group 2)

Ordinal logistics

ββ αα (score 0–1)αα (score 1–2) R2

Two-level model eating

   Estimates -0.115 5.372 - 0.571

   SE 0.025 1.491 - -

   p-value <0.001 <0.001 - <0.001

Two-level model bladder management

   Estimates -0.081 4.691 - 0.315

   SE 0.016 1.189 - -

   p-value <0.001 <0.001 - <0.001

Three-level model -

   Estimates -0.094 4.096 5.805 0.334

   SE 0.016 0.994 1.108 -

   p-value <0.001 <0.001 <0.001 <0.001

FIM, Functional Independence Measure; SE, standard 
error.
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Fig. 2. Logistic probability curves for the relationship between the categories of the prediction models and FIM-motor 
scores at discharge: (A) two-level model eating, (B) two-level model bladder management, and (C) three-level model. 
Vertical axes indicate logistic probability and horizontal axes show FIM-motor scores at discharge. (A, B) The distance 
from the curve to the top of the graph is the probability of the value 1 category. (C) The left curve defines the probabil-
ity for the value 1 category, and the right curve defines the probability for the value 2 category. FIM, Functional Inde-
pendence Measure.
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DISCUSSION

We developed a three-level model in an attempt to ex-
tend the previously reported two-level categorical mod-
els for outcome prediction based on eating and bladder 
management [19,20]. Although the three-level model is a 
simple summation of the two-level model, its advantages 
over the two-level model include: (1) equal categoriza-
tion of the FIM-motor score distribution at discharge, 
and (2) the lower and upper FIM-motor scores of the 
three categories were approximately 40 and 60, respec-
tively, which is meaningful in terms of clinical utility.

Predicting outcomes soon after stroke onset is critical 
for scheduling appropriate rehabilitative treatments. NI-
HSS is frequently used for predicting outcomes [8,9], but 
it assesses symptoms of neural deficits, rather than func-
tional independence in ADL. FIM is an assessment tool 
for ADL and is widely used in various medical and social 
welfare settings, including acute medical care. Some FIM 
items are accessible, while others are difficult to assess in 
an acute medical care setting. Eating and bladder man-
agement are easy to assess even during the super-acute 
phase; eating usually takes place 3 times daily during 
meal times, while urination takes place approximately 
5–10 times daily. In contrast, transfer to the bathtub/
shower and stair climbing are difficult to assess because 
acute medical settings such as the SCU in the present 
study are not equipped with such facilities. Thus, the two 
FIM items, eating and bladder management, are com-
monly easy to assess in most acute medical care settings, 
including the SCU.

In this study, we employed a cutoff value of 5 points 
(supervision) for the FIM data, while Mizrahi et al. set a 
cutoff value of 6 points (modified independence level) 
[19,20]. In this study, we employed a cutoff point as the 
supervision level because the data sampled in our SCU 
were nearly always in the context of nurses attending to 
patients. In addition, our research team has been con-
ducting a series of studies to investigate the psychometric 
properties of FIM in stroke patients [21,29]. The studies 
that employed a cutoff value of 5 points were success-
ful in outlining the psychometric properties of the FIM. 
Accordingly, we kept our cutoff point the same as in our 
previous studies.

As Fig. 1 shows, the three-level model classified out-
come FIM-motor scores are in a relatively even distribu-

tion pattern. To further investigate the borders of these 
three categories, we applied an ordinal logistic regression 
analysis. Fig. 2 shows that FIM-motor scores of 40 and 60 
reached 50% probability of values 1 and 2, respectively, 
and Koyama et al. [29] defined item difficulty of single 
FIM items relative to the summation of FIM-motor scores 
in patients after stroke. They reported that the supervi-
sion level was reached when the FIM-motor scores were 
approximately 50 in terms of the ability to transfer to the 
bed/chair/wheelchair. In line with the report by Kwon 
et al. [30], the authors assessed the relationship between 
mRS and FIM-motor scores. They reported that the prob-
ability of gait independence (mRS ≤3) exceeded 50% 
when the FIM-motor scores reached 65 or higher. Since 
both transfers to the bed/chair/wheelchair and gait are 
important indices in ADL, our three-level model offers 
good benchmarks for stroke rehabilitation. 

Most previous studies sampled outcome data at 3–6 
months after stroke [11,12]. Mizrahi et al. [19,20] sampled 
outcome scores during an earlier phase, i.e., 40–60 days 
after stroke. However, we sampled outcome scores 2–4 
weeks after stroke onset in the present study, which is 
much earlier than in previous studies. We defined out-
comes according to this early period because the average 
LOS in acute care hospitals in 2017 was approximately 16 
days in Japan [31], which is consistent with the present 
study. In Japan, the medical insurance system is govern-
ment-controlled; therefore, hospital staff and patients 
need to decide the setting of the early phase of stroke 
treatment, i.e., transfer to rehabilitation facilities or dis-
charge directly home [32]. Despite the early outcome 
sampling period in the present study, our methodology 
matches the realistic needs of stroke rehabilitation dur-
ing acute care in Japan.

In this study, we developed a three-level model by 
simple summation of dichotomous classifications of FIM 
levels for eating and bladder management. This simple 
summation methodology implies that the weights for eat-
ing and bladder management are equal for outcome pre-
diction. To further investigate the weights for these two 
items, we used data from Group 1 to perform preliminary 
multivariate regression analysis where the values (0 or 1) 
for eating and bladder management were set as indepen-
dent variables, and FIM-motor scores at discharge were 
set as the target values. Estimated regression coefficients 
were 23.5 for eating and 21.5 for bladder management, 
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and the intercept was 37.0; the ratio of the two coeffi-
cients was nearly 1:1. Given these preliminary findings, 
we employed a simple summation, i.e., the three-level 
model. 

This study has several limitations. First, samples were 
collected from an acute care hospital. Accordingly, out-
come assessments were obtained approximately 2–4 
weeks after stroke onset, and in contrast, most stroke 
outcome studies sampled long-term care several months 
after stroke. Thus, the terminology “outcome” in the 
present study requires attention. Second, to minimize 
variability, we sampled data from patients who were 
independent in their ADL before stroke. Subsequently, 
we excluded patients with commonly observed geriatric 
comorbidities (e.g., dementia). Thus, we excluded nearly 
one-third of the total samples from our final analytical 
database. Therefore, careful consideration should be 
taken when applying the three-level model to the general 
population. Third, we sampled data regardless of lesion 
site, even though clinical manifestations of brainstem 
lesions (e.g., bulbar palsy) are different from those of su-
pratentorial lesions (e.g., pseudo-bulbar palsy). However, 
the present results suggest that our three-level model is 
useful for clinicians who need to determine whether pa-
tients should be transferred to a rehabilitation facility or 
discharged home during the early phase of stroke treat-
ment.
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