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ABSTRACT
Jeong S, Inoue Y, Kondo K, Matsumoto D, Shiraishi
N. Formula for predicting FIM for stroke patients at
discharge from an acute ward or convalescent
rehabilitation ward. Jpn J Compr Rehabil Sci 2014; 5:
19-25.
Objective: To develop formulas for predicting
Functional Independence Measure (FIM) at the time
of discharge from an acute or convalescent hospital
ward using multicenter data.
Methods: Data from 4,311 acute patients (22 hospitals)
and 1,941 convalescent patients (24 hospitals) were
divided into two groups (calculation group and
verification group). Multiple regression analysis was
performed to develop formulas for predicting
discharge FIM and test their validity with data from
the verification group.
Results: The formula derived for predicting discharge
FIM for acute patients was 85.04 + (-0.53 × age) +
(12.06 × subarachnoid hemorrhage) + (-7.90 ×
complication present) + (-0.70 × number of days from
onset of stroke until admission) + (1.24 × admission
GCS) + (-1.08 × admission NIHSS) + (-4.15 ×
modified Rankin Scale score before stroke) + (0.30 ×
admission motor FIM) + (1.03 × admission cognitive
FIM), with R2 = 0.78. The formula derived for
predicting discharge FIM for convalescent patients
was 33.04 + (-0.34 × age) + (-3.88 × complication
present) + (-0.11 × number of days from onset of
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stroke until admission) + (2.44 × admission GCS) +
(-1.68 × modified Rankin Scale score before stroke) +
(0.53 × admission motor FIM) + (1.25 × admission
cognitive FIM) (R2 = 0.66).
Conclusion: Using a large multicenter database, we
developed separate formulas for predicting FIM at
discharge from an acute ward and from a convalescent
ward with proven external validity.
Keywords: prediction of FIM at hospital discharge,
stroke patients, acute rehabilitation, convalescent
rehabilitation, rehabilitation patient data bank
Introduction
1) Background
Benchmarks can help increase the quality of medical
care by enabling multicenter comparisons [1, 2]. After
the start of a reimbursement system based on the
quality of the convalescent rehabilitation ward in
2008, interest has been increasing in outcome measures
for implementing benchmarks at various hospitals.
This includes a measure of the level of functional
improvement from hospital admission to discharge.
For stroke patients receiving inpatient rehabilitation
care, predicting functional outcome at the time of
admission is essential for setting targets and programs,
managing rehabilitation processes, and preparing the
discharge destination [3, 4].
Research on the functional outcome of stroke
patients has been carried out since the 1980s and
includes studies using a multivariate analysis approach
[5-13]. Although many studies have proposed
equations for predicting functional outcome, most
only investigated single hospitals and therefore may
not have been sufficiently externally validated for use
in other hospitals or groups [3].
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2) Study objective
This study aimed to develop formulas for predicting
the functional independence measure (FIM) at hospital
discharge to be used as a benchmark for assessing
quality of medical care among multiple hospitals with
high external validity for different hospitals and
groups.
We randomly divided subjects into a calculation
group and a verification group. The former was used to
develop discharge FIM prediction formulas for
patients on acute wards (“acute patients”) and patients
on convalescent rehabilitation wards (“convalescent
patients”), and the latter was used to test the validity of
the formulas.
Methods
1) The Rehabilitation Patient Data Bank (Rehab DB)
For the present study, we used data from the
Rehabilitation Patient Data Bank (“Rehab Patient
DB”), which is a large multicenter database developed
under a Health and Labour Sciences Research Grant
(2007-2009).
The Rehab Patient DB was created to promote the
development of evidence for rehabilitation medicine
by standardizing the items and input formats for each
hospital’s own database to build a larger database
containing data from patients across numerous
hospitals.
Data were collected from each hospital on all
rehabilitation patients discharged from the hospital
twice a year from January to February and from July
to August (once a year from August to September
starting in 2010 after management of the DB was
transferred to the Japanese Association of Rehabilitation
Medicine Data Management Committee) [14, 15].
2) Subjects
Subjects were 6,252 patients (38 hospitals) that had
recorded FIM from among 8,537 patients (39 hospitals)
registered in the Rehab Patient DB from 2009 to 2012.

Of those subjects, 4,311 were in the acute (22 hospitals)
and 1,941 were in the convalescent ward (24 hospitals).
3) Variables used to create the formulas
Baseline patient characteristics, rehabilitation
program and outcome of rehabilitation have been
suggested as factors for assessing stroke outcome [16].
In the present study, we developed formulas from a
large-scale multicenter data bank to compare and
benchmark the performance of hospitals without
including data on rehabilitation programs, which vary
among hospitals.
The variables we used in the present study to create
predictive formulas were age, sex, type of disease,
presence or absence of complication, number of days
from onset of stroke until admission, Glasgow Coma
Scale (GCS) score at admission, National Institute of
Health Stroke Scale (NIHSS) score at admission,
Modified Rankin Scale (mRS) score before stroke and
FIM (Table 1).
4) Analysis methods
First, to investigate the need for separate acute and
convalescent formulas, we tested the difference
between acute and convalescent patient profiles.
Next, we developed the formulas using multivariate
regression analysis. To test the external validity, acute
and convalescent patients were each randomly divided
into two groups (calculation group and verification
group).
(1) Differences between the profiles of acute and
convalescent stroke rehabilitation patients
To examine the differences in acute and convalescent
patient profiles, we performed t-tests and chi square
tests to compare age, type of disease (cerebral
infarction, brain hemorrhage, or subarachnoid
hemorrhage), presence or absence of complication,
number of days from onset of stroke until admission,
length of hospital stay, GCS score at admission and at
discharge, NIHSS score at admission and at discharge,
mRS score before stroke at admission and at discharge,

Table 1. Variables used to create formulas.
Variable

Scale

Age
Continuous variable
Sex
Dummy variable (male=1, female=0)
FIM
Continuous variable
Number of days from onset of the stroke until
Continuous variable
admission
mRS before stroke
Continuous variable
NIHSS score
Continuous variable
GCS score
Continuous variable
Dummy variable (cerebral infarction, brain hemorrhage, or
Type of disease
subarachnoid hemorrhage)
Complication
Dummy variable (presence=1, absence=0)
Jpn J Compr Rehabil Sci Vol 5, 2014

Jeong S et al. : Formula for predicting FIM for stroke patients

total FIM at admission and at discharge, FIM gain and
FIM efficiency (gain / length of hospital stay) between
acute and convalescent patients.
(2) Development of formulas for predicting FIM
at hospital discharge
In developing formulas for predicting discharge
FIM, multiple regression analysis was performed on
acute and convalescent patients with (1) age, (2) sex, (3)
type of disease (cerebral infarction, brain hemorrhage,
or subarachnoid hemorrhage), (4) complication, (5)
number of days from onset of stroke until admission,
(6) admission GCS, (7) admission NIHSS, (8) mRS
before stroke, (9) admission motor FIM and (10)
admission cognitive FIM as independent variables.
The Rehab Patient DB data was randomly divided
into two groups for each condition (calculation group
[acute: N = 2118, convalescent: N = 941] and verification
group [acute: N = 1905, convalescent: N = 999]). The
calculation group was used to develop the formulas
and the verification group was input into the formulas
to test the external validity using Spearman’s
correlation coefficient between the predicting FIM
scores at discharge and actual scores.
SPSS ver. 18.0 was used for the statistical analyses.

21

Results
1) Profiles of acute and convalescent stroke patients
t-Tests and chi square tests were performed to
examine the differences between the acute and
convalescent patient profiles (Table 2). A significant
difference was observed for all factors other than type
of disease (brain hemorrhage, subarachnoid
hemorrhage) and mRS before stroke.
We thus confirmed that it would be more appropriate
to use a different predictive formula for each group.
2) Formulas for predicting discharge FIM
Patients were divided into acute and convalescent
groups and the data from each calculation group was
used to calculate a formula that was then used with
data from each verification group to verify the validity.
(1) 
Formula for predicting discharge FIM for
acute phase stroke rehabilitation patients
The following formula for predicting discharge
FIM for acute patients was created with only the
variables that were statistically significant.
Formula for predicting discharge FIM for acute
patients = 85.04 + (-0.53 × age) + (12.06 × subarachnoid
hemorrhage) + (-7.90 × complication present) +

Table 2. Profiles of acute and convalescent stroke rehabilitation patients.
Variable

Convalescent
(mean)

p-Value

72.5

69.6

p<.001

cerebral infarction

65.5%

62.2%

p<.05

brain hemorrhage

25.0%

26.6%

n.s.

subarachnoid hemorrhage

4.4%

5.3%

n.s.

15.0%

23.0%

p<.001

3.0

33.9

p<.001

Length of hospital stay

32.1

96.8

p<.001

GCS at admission

13.1

13.7

p<.001

GCS at discharge

13.9

14.1

p<.001

NIHSS at admission

8.5

3.8

p<.001

NIHSS at discharge

6.2

2.5

p<.001

mRS before stroke

1.0

0.9

n.s.

mRS at admission

3.9

3.5

p<.001

mRS at discharge

3.0

2.7

p<.001

Total FIM score at admission

56.0

63.3

p<.001

Total FIM score at discharge

82.7

88.1

p<.001

FIM gain

25.9

24.5

p<.05

1.4

0.3

p<.001

Age
Type of disease

Complication present
Number of days from onset of stroke until admission

FIM efficiency


Acute
(mean)
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(-0.70 × number of days from onset of stroke until
admission) + (1.24 × admission GCS) + (-1.08 ×
admission NIHSS) + (-4.15 × mRS before stroke) +
(0.30 × admission motor FIM) + (1.03 × admission
cognitive FIM), with R2 = 0.78.
For acute patients, discharge FIM tended to be higher
with (1) younger age, (2) absence of complication, (3)
fewer days from onset of stroke until admission, (4)
higher admission GCS, (5) lower admission NIHSS,
(6) lower mRS before stroke, (7) higher admission
motor FIM and (8) higher admission cognitive FIM.
As for differences with type of disease, discharge FIM
had a high likelihood of being higher in subarachnoid
hemorrhage patients than in cerebral infarction or
brain hemorrhage patients.
Looking at the standard partial regression coefficient
that shows the strength of the relative association of
independent variables with discharge FIM, the
strongest effect was from admission cognitive FIM
(0.31). The next strongest effect was from NIHSS at
admission (-0.24), followed by admission motor FIM
(0.19), age (-0.17), mRS before stroke (-0.15),
admission GCS (0.09), presence of complication
(-0.07) and day of illness after onset at admission
(-0.04), in descending order (Table 3).
When the formula developed with data from the
calculation group was used on data from the
verification group, a high correlation was found
between the discharge FIM prediction values and
actual values (0.88, R2 = 0.77).
(2) 
Formula for predicting discharge FIM for
convalescent phase stroke rehabilitation
patients
The following formula for predicting discharge
Table 3. Standard partial regression coefficient of the
formula for predicting discharge FIM for acute phase
stroke rehabilitation patients.
Variable

beta

Age
Sex
Cerebral infarction
Brain hemorrhage
Subarachnoid hemorrhage
Complication present
Number of days from onset of
stroke until admission
GCS at admission
NIHSS at admission
mRS before stroke
Admission motor FIM
Admission cognitive FIM

-0.17
0.01
0.02
0.02
0.06
-0.07

p<.001
n.s.
n.s.
n.s.
p<.01
p<.01

-0.04

p<.001

0.09
-0.24
-0.15
0.19
0.31

R2

0.78
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FIM for convalescent patients was created with only
the variables that were statistically significant.
Formula for predicting discharge FIM for
convalescent patients = 33.04 + (-0.34 × age) + (-3.88
× complication present) + (-0.11 × number of days
from onset of stroke until admission) + (2.44 ×
admission GCS) + (-1.68 × mRS before stroke) +
(0.53 × admission motor FIM) + (1.25 × admission
cognitive FIM), with R2 = 0.66.
Similar to acute patients, for convalescent patients,
discharge FIM tended to be higher with (1) younger
age, (2) absence of complication, (3) fewer days from
onset of stroke until admission, (4) higher admission
GCS, (5) lower mRS before stroke, (6) higher
admission motor FIM and (7) higher admission
cognitive FIM. For convalescent patients, there was
no statistically significant effect of age, type of disease
or admission NIHSS.
Looking at the standard partial regression coefficient
that shows the strength of the relative association of
independent variables on discharge FIM, the strongest
effect was from admission motor FIM (0.38) and
admission cognitive FIM (0.36), followed by age
(-0.13), admission GCS (0.13), number of days from
onset of stroke until admission (-0.10), mRS before
stroke (-0.08) and presence of complication (-0.05),
in decreasing order (Table 4).
When the formula developed with data from the
calculation group was used on data from the
verification group, a high correlation was found
between the discharge FIM prediction values and
actual values (0.84, R2 = 0.71).

Table 4. Standard partial regression coefficient of the
formula for predicting discharge FIM for convalescent
phase stroke rehabilitation patients.
Variable

beta
-0.13
-0.01
0.04
0.04
0.04
-0.05

p<.001
n.s.
n.s.
n.s.
n.s.
p<.05

-0.10

p<.001

p<.001
p<.001
p<.001
p<.001
p<.001

Age
Sex
Cerebral infarction
Brain hemorrhage
Subarachnoid hemorrhage
Complication present
Number of days from onset of
stroke until admission
GCS at admission
NIHSS at admission
mRS before stroke
Admission motor FIM
Admission cognitive FIM

0.13
0.03
-0.08
0.38
0.36

p<.001
n.s.
p<.001
p<.001
p<.001

(p<.001)

R2

0.66

(p<.001)
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Discussion
Using the Rehab Patient DB, which is a large data
bank with many participating hospitals, we were able
to develop formulas for predicting FIM at hospital
discharge that takes into account the issue of external
validity for use in different hospitals and in target
groups that differ from the group used for developing
the formulas.
1) Profiles

of acute and convalescent stroke
rehabilitation patients
An examination of the differences between acute
and convalescent stroke rehabilitation patient profiles
revealed that these two profiles differ significantly.
The mean length of hospital stay of convalescent
patients was roughly three times longer at 96.8 days
than that of acute patients (32.1 days). As the number
of days of illness when admitted to a convalescent
setting was 33.9 days, it is likely that convalescent
patients were transferred from an acute setting, and
that the total length of hospital stay including the time
in the acute setting is actually 130.7 days. There was a
large variation in the standard deviation of the number
of days of illness at admission to a convalescent
rehabilitation ward, at 29.8 days.
The mean length of hospital stay on an acute ward
was roughly equal to the number of days from onset of
stroke until admission, suggesting that FIM at
discharge from an acute ward (82.7) and FIM at
admission to a convalescent ward (63.3) are measured
at around the same period. As there is only a small
difference between the admission FIM of acute
patients (63.3) and that of convalescent patients (56.0),
it is possible that many patients in convalescent wards
are those that showed slow recovery in acute wards
and were subsequently transferred to the convalescent
setting because they could not be sent home. Reasons
for this may be dizziness or nausea in patients with a
cerebellar hemorrhage or infarction that can prevent
starting rehabilitation early in the acute phase [17].
Compared to 1.4 for acute patients, the FIM
efficiency for convalescent patients was 0.3. Although
the mean discharge FIM of 88.1 for convalescent
patients is higher than the 82.7 for acute patients, it is
likely that many patients took their time recovering
gradually after moving to the convalescent setting.
These results showed that the patient profiles differ
between acute and convalescent wards, suggesting the
need for two separate formulas to predict discharge
FIM. However, it should be noted that all the acute
patient data had only a rehabilitation request, therefore
the data set did not include patients with severe or
mild stroke. Also, patients who were not eligible for
rehabilitation were not referred to the convalescent
ward.
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2) Formula for predicting discharge FIM
In acute stroke rehabilitation patients, admission
cognitive FIM had the highest coefficient (0.31),
followed by admission NIHSS (-0.24), admission
motor FIM (0.19), age (-0.17), mRS before stroke
(-0.15), admission GCS (0.09), and number of days
from onset of stroke until admission (-0.04), in
decreasing order. Even adjusting for type of disease,
presence of complication and GCS at hospital
admission, admission cognitive FIM still had a large
coefficient with respect to discharge FIM, suggesting
that discharge FIM may be higher for acute patients
with milder cognitive impairment.
For convalescent stroke rehabilitation patients,
the coefficient was large for admission cognitive
FIM (0.36), similar to acute patients, but was larger
for admission motor FIM (0.38) and the coefficient
for admission NIHSS was not significant. These
differences in coefficients suggest that separate
formulas should be developed for acute and
convalescent patients.
The explanatory power (R2) was 0.78 for the acute
formula and 0.66 for the convalescent formula. This
does not differ greatly from the results of external
validity tests on the verification group data (acute: R2
= 0.77, convalescent: R2 = 0.71), indicating that
external validity is not low. Compared to a study by
Heinemann et al. (R2 = 0.19–0.73) [13], predicted
ADL outcome at hospital discharge found by
Miyakoshi et al. (R2 = 0.43) [16], prediction of FIM at
hospital discharge found by Fujiwara et al. (R2 = 0.66–
0.75) [18], prediction of FIM at hospital discharge
found by Tsuji et al. (R2 = 0.68) [19] and the results of
a review by Sonoda (R2 = 0.7–0.9) [12], the formulas
developed in the present study are considered to be
within the accuracy range of existing predictive
formulas. The formula for predicting discharge FIM
developed in the present study can therefore be used as
a multicenter benchmark of hospital performance.
The reason for the lower predictive power of the
convalescent formula compared to the acute formula
may be the presence of factors that could not be
measured at admission but that strongly influence FIM
at discharge, such as amount and quality of training
with a physical therapist over the 90-day-long stay at
the convalescent ward or whether or not training is
provided on weekends and holidays, i.e. factors that
vary among hospitals.
3) Significance and limitations of this study
Until now, no multicenter database including acute
and convalescent patients in the field of rehabilitation
medicine existed in Japan and predictive formulas
created with data on patients from a single hospital
were not validated for use on patients at other hospitals.
Moreover, the limited number of patients at single
hospitals prevented the thorough testing of external
validity on a group of patients that differed from those
Jpn J Compr Rehabil Sci Vol 5, 2014
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used to develop the predictive formulas.
In contrast, we used data from the Rehab Patient
DB, which is a large-scale multicenter data bank,
enabling a comparison of the characteristics of acute
and convalescent patients that confirmed the disparity
between their profiles. We then applied these findings
to develop two separate formulas for predicting
discharge FIM for acute patients and convalescent
patients, respectively. The study yielded useful
predictive formulas with confirmed external validity
for use in various hospitals and on different groups of
patients.
This study has five limitations:
(1) We did not stratify the data by type of disease.
While it would have been possible to stratify the data
this way, we chose not to do so because our objective
was to use the results for a benchmark that could be
applied at all hospitals and fewer formulas would be
easier to implement.
(2) In the present study, predictive formulas were
developed from patient variables. Although
performance varies among hospitals [2], the objective
of developing and applying the predictive formulas
was to create a benchmark for comparing hospitals.
We therefore deliberately avoided using variables
such as rehabilitation program that vary among
hospitals. If performance was the same at all hospitals,
the outcome (discharge FIM) would also be the same.
Future studies are needed to analyze the difference
between predicted values and actual values and
determine what characteristics of hospitals, such as
amount of training or other aspects of the rehabilitation
program, lead to higher discharge FIM scores (actual
scores).
(3) The formulas developed in the present study had
an R2 of only 0.66–0.78 without including variables on
the amount of training or other aspects of the
rehabilitation program. This may not be sufficient for
use in predictions on an individual level.
(4) The admission FIM for acute patients used in the
present study was measured on average on the third
day after onset. It is thus possible that there was an
effect of the level of bed rest on admission FIM. Future
studies may be needed to examine this possibility in
detail.
(5) Although we verified the external validity for
hospitals participating in the Rehab Patient DB project,
those hospitals may be a biased representation of
diligent hospitals. The results therefore cannot be
generalized to patients at hospitals with different
characteristics.
Conclusion
We divided data from 39 hospitals into a calculation
group and a verification group and developed separate
formulas for predicting FIM at hospital discharge from
patient information at hospital admission for acute
Jpn J Compr Rehabil Sci Vol 5, 2014

patients (R2 = 0.78) and convalescent patients (R2 =
0.66) and tested the external validity of the formulas.
Collection of more data and further research are
needed to develop an even more accurate model.
Acknowledgments
This work was supported by JSPS KAKENHI Grant
Number 25360659.

References

1. Jeong S, Kondo K. Quality management of medical
services and pay for performance (P4). SOGO Rehabil
2010; 38: 929-34.
2. Jeong S, Kondo K, Inoue Y. Factor analysis for quality
of care in rehabilitation medicine. J Jpn Assoc Health Care
Adm 2010; 4: 43-9.
3. Nakamura R, Nagasaki H, Amakusa B. Shinpan
Nosothu-no Kinohyoka to Yogoyosoku (Assessment and
Prediction of functional State in Stroke). Tokyo: Ishiyaku
Publishers, INC.; 2011.
4
. Kwakkel G, Wagenaar R, Kollen B, Lankhorst G.
Predicting disability in stroke－a critical review of the
literature. Age Ageing 1996; 25: 479-89.
5. Sonoda S, Saitoh E, Nagai S, Okuyama Y, Suzuki T,
Suzuki M. Stroke outcome prediction using reciprocal
number of initial activities of daily living status. J Stroke
Cerebrovascular Dis 2005; 14: 8-11.
6. Stineman M, Granger C. Outcome, efficiency, and timetrend pattern analyses for stroke rehabilitation. Am J Phys
Med Rehabil 1998; 77: 193-201.
7. Tilling K, Sterne J, Rudd A, Glass T, Wityk R, Wolfe C.
A new method for predicting recovery after stroke. Stroke
2001; 32: 2867-73.
8. Inouye M. Predicting outcomes of patients in Japan after
first acute stroke using a simple model. Am J Phys Med
Rehabil 2001; 80: 645-9.
9. Lai S, Duncan P, Keighley J. Prediction of functional
outcome after stroke: comparison of the Orpington
Prognostic Scale and the NIH Stroke Scale. Stroke 1998;
29: 1838-42.
10
. Wade D, Hewer R. Functional abilities after stroke:
measurement, natural history and prognosis. J Neurol
Neurosurg Psychiatry 1987; 50: 177-82.
11. Sonoda S, Saitoh E, Tujiuchi K, Suzuki M, Domen K,
Chino N. Stroke outcome prediction using neural
networks. SOGO Rehabil 1995; 23: 499-504.
12. Sonoda S. Recovery from Stroke. Crit Reviews™ Phys
Rehabil Med 1999; 11: 75-109.
13. Heinemann AW, Linacre JM, Wright BD, Hamilton BB,
Granger C. Prediction of rehabilitation outcomes with
disability measures. Arch Phys Med Rehabil 1994; 75:
133-43.
14. Kondo K. Secondary analysis of the rehabilitation
patient database: Process, potentials and limitations. Jpn
J Rehabil Med 2012; 49: 142-8.
15. Kondo K. The development Rehabilitation Patient Data
bank, Sogo kennkyu houkokusho for Health Labour

Jeong S et al. : Formula for predicting FIM for stroke patients
Sciences Research Grant (H19-Choju-Ippan-028) 20072009 from the Japanese Ministry of Health, Labour and
Welfare, 2010
16. Domen. K. Manual for Functional Assessment and
Outcome Prediction in Stroke. Tokyo: Ishiyaku
Pubilishers, INC.; 2013.
17. Kondo K, Ooi M. Nosotchu Rihabiriteshon-Sokiriha
kara keamanejimento made- (Stroke Rehabilitation-From
Early Rehabilitation to Care Management). Tokyo:



25

Ishiyaku Pubilishers, INC.; 2006.
18. Fujiwara T, Liu M, Tsuji T, Sonoda S, Mizuno K,
Akaboshi K, et al. Development of a new measure to
assess trunk impairment after stroke (trunk impairment
scale): its psychometric properties. Am J Phys Med
Rehabil 2004; 83: 681-8.
19. Tsuji T, Liu M, Sonoda S, Domen K, Chino N. The stroke
impairment assessment set: its internal consistency and
predictive validity. Arch Phys Med Rehabil 2000; 81: 863-8.

Jpn J Compr Rehabil Sci Vol 5, 2014

