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As Japan’s population ages, there is a growing interest in regional health care coordination.  Our study 
aimed to evaluate whether the interval between onset and admission to convalescent rehabilitation wards 
(onset-admission) was associated with outcomes in ischemic stroke patients.  We conducted a 
retrospective cohort study in a single rehabilitation hospital.  Ischemic stroke patients consecutively 
admitted to the wards were eligible to enroll.  Outcomes included Functional Independence Measure (FIM)-
motor gain, the Food Intake Level Scale (FILS) and a discharge rate to home.  FIM assesses functional 
independence, including motor (FIM-motor) and cognitive domains, and is a measure of activities of daily 
living (ADLs).  The FIM-motor gain indicates the difference between the FIM-motor scores at admission and 
discharge.  FILS is a 10-point observer-rated scale to measure swallowing.  After enrollment, 481 patients 
(mean age 74.4 years; 45.7% women) were included.  The median [interquartile range] onset-admission 
interval was 13 [10-20] days and the median National Institute of Health Stroke Scale score, a measure of 
stroke severity, was 8 [3-13].  In multivariate analysis, the onset-admission interval was independently 
associated with FIM-motor gain (β = −0.107, p = 0.024), FILS score at discharge (β = −0.159, p = 0.041), 
and the rate of discharge to home (odds ratio: 0.946, p = 0.032).  In conclusion, a shorter interval between 
stroke onset and admission to convalescent rehabilitation wards contributes to improved outcomes, 
including ADLs, dysphagia, and a discharge rate to home, in ischemic stroke patients, regardless of stroke 
severity.  

Keywords: activities of daily living; community-based integrated care system; dysphagia; early rehabilitation; home 
discharge
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Introduction
Early rehabilitation is recommended after stroke.  The 

safety and feasibility of early rehabilitation (within 2 
weeks) for stroke have been confirmed (Belagaje 2017; 
more patients will survive stroke with varying degrees of 
disability.  Research in the past decade has expanded our 
understanding of the mechanisms underlying stroke recov-
ery and has led to the development of new treatment modal-
ities.  This article reviews and summarizes the key concepts 
related to poststroke recovery.  Recent Findings: Good data 

now exist by which one can predict recovery, especially 
motor recovery, very soon after stroke onset.  Recent trials 
have not demonstrated a clear benefit associated with very 
early initiation of rehabilitative therapy after stroke in terms 
of improvement in poststroke outcomes.  However, grow-
ing evidence suggests that shorter and more frequent ses-
sions of therapy can be safely started in the first 24 to 48 
hours after a stroke.  The optimal amount or dose of therapy 
for stroke remains undetermined, as more intensive treat-
ments have not been associated with better outcomes com-
pared to standard intensities of therapy.  Poststroke depres-
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sion adversely affects recovery across a variety of measures 
and is an important target for therapy.  Additionally, the use 
of selective serotonin reuptake inhibitors  (SSRIs) (Coleman 
et al. 2017), although whether very early rehabilitation 
(within 24 hours) is favorable for stroke remains under 
debate (Langhorne et al. 2017, 2018).  Moreover, it has 
been recognized that the traditional clinical practice of 
“forced bedrest” after stroke onset can be harmful, and that 
mobilizing patients as early as possible might prevent fur-
ther complications as well as promote functional recovery 
(Bernhardt et al. 2017; Coleman et al. 2017).  Moreover, 
clinicians sometimes delay the initiation of rehabilitation of 
patients with acute ischemic stroke to after intensive ther-
apy.  Furthermore, intervention of early and intensive reha-
bilitation therapy in stroke patients on acute wards can help 
to desirable functional recovery can be expected (Kinoshita 
et al. 2017; Nakazora et al. 2018).

There is little evidence regarding the timing of sub-
acute rehabilitation in the medical cooperation system in 
Japan.  An interdisciplinary post-acute (convalescent) reha-
bilitation unit has been incorporated in the national medical 
insurance system since 2000 (KRWA, Kaifukuki 
Rehabilitation Ward Association 2016).  Stroke is one of the 
major target diseases for the medical cooperation system.  
In a 2011 report, the mean onset-admission interval from 
acute hospitals to convalescent wards was 31.5 (standard 
deviation; SD, 18.6) days (Miyai et al. 2011).  With the 
development of the Japanese medical system, the onset-
admission interval is expected to shorten.  Theoretically, it 
can be expected that a shorter onset-admission interval will 
be associated with more favorable outcomes for stroke 
patients.  There are, however, little data on the association 
between the onset-admission interval and rehabilitation out-
comes among such patients.

Therefore, studies elucidating the association between 
the onset-admission interval from acute hospitals to conva-
lescent wards and clinical outcomes in stroke patients are 
needed.  Hence, a retrospective cohort study was conducted 
to evaluate whether the onset-admission interval is associ-
ated with the rehabilitation outcomes, such as the activities 
of daily living (ADL), swallowing status, and rate of dis-
charge to home in this setting.

Materials and Methods
Participants and setting

We conducted a retrospective cohort study in a post-
acute care hospital in Japan.  This hospital is a local reha-
bilitation hospital with the convalescent rehabilitation 
wards (a total of 135 beds).  At the end of March 2016 in 
Japan, more than 77,000 convalescent ward-beds (60 beds 
per 100,000 population) were available nationwide.  

The patients admitted to our wards were divided 
mainly into three categories, namely, patients with stroke, 
those with hospital-associated deconditioning, and those 
with musculoskeletal disorders.  All patients with stroke 
admitted in our wards were transferred from the acute-care 

hospitals with Stroke Care Unit in the local medical coop-
eration system.  Also, more than 90% of patients with hos-
pital-associated deconditioning and musculoskeletal disor-
ders were transferred from other acute care hospitals after 
they became medically stable.  There were several major 
acute care hospitals in the local medical alliance system 
with which the study hospital was involved.  Each year, 
more than 200 stroke patients were referred to the hospital.  
Therefore, the patients from minor referral hospitals were 
excluded in the current study to reduce bias in the charac-
teristics of an acute hospital, namely, patients from acute 
hospitals with a small number of referral patients (< 20) 
were excluded, and patients from four acute care hospitals 
with a high number of referral patients (≥ 20) were included 
in the study.

The study period was between January 2016 and 
December 2018.  All ischemic stroke patients consecutively 
admitted to our wards were eligible for enrollment.  
Exclusion criteria included cerebral hemorrhage, craniot-
omy performed, missing data, refusal of consent to partici-
pate, and altered consciousness (indicated by a Japan Coma 
Scale level of 3 digits (Shigematsu et al. 2013)).

Rehabilitation and nutritional management
The convalescent rehabilitation program was tailored 

to fit the patient’s individual function and disabilities (up to 
3 hours per day) (Nagano et al. 2020).  The implementation 
of this program was a multi-professional collaboration, 
which includes physical therapists, occupational therapists, 
speech and language therapists, rehabilitation physicians, 
nurses, pharmacists, dietitians, dental hygienists, medical 
social workers, and caregivers.  For example, physical ther-
apy included range of motion exercises, basic movement 
training, facilitation of paralyzed limb, walking and ADL 
exercise, and resistance exercise.  Nutritional management 
was also tailored to fit the patients’ functional and nutri-
tional status, which was multidisciplinary and included 
nutrition education, high-energy and high-protein delivery 
to malnourished patients, and lifestyle guidance for stroke 
prevention.

Data collection
Basic information, including age, sex, ischemic stroke 

type, stroke severity based on the National Institute of 
Health Stroke Scale (NIHSS) score at the time of stroke 
onset (Brott et al. 1989), body mass index (BMI), length 
(days) from onset of stroke to admission to the wards 
(defined as “onset-admission interval”), referral acute hos-
pital, and residence type (as well as living alone or not) 
before onset, was recorded upon admission.  A validated 
nutrition screening tool (Rubenstein et al. 2001) of Mini 
Nutritional Assessment-Short Form (MNA-SF) was com-
pleted in an interview conducted by trained registered dieti-
tians, with an MNA-SF score of 0-7 was considered to be 
malnourished.  The dysphagia status using the Food Intake 
Level Scale (FILS), a validated 10-point observer-rated 
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scale to measure swallowing (Kunieda et al. 2013), was 
evaluated by trained nurses.  Premorbid ADLs using the 
modified Rankin Scale (mRS) (Banks and Marotta 2007) 
and severity of comorbidities using the Charlson 
Comorbidity Index (CCI) (Charlson et al. 1987) were eval-
uated by medical doctors.  Within 72 hours of admission, 
trained rehabilitation therapists assessed the physical and 
cognitive function using the Functional Independence 
Measure (FIM) (Ottenbacher et al. 1996).  In addition, we 
calculated the total rehabilitation therapy units received 
during hospitalization (units per day, 1 unit = 20 minutes’ 
therapy) by reviewing the medical charts.  

Outcomes
Primary outcome used a motor domain of FIM (FIM-

motor) (Ottenbacher et al. 1996), which has a motor domain 
with 13 sub-items (FIM-motor) and a cognitive domain 
with five sub-items (FIM-cognitive).  Tasks are rated on a 
seven-point ordinal scale ranging from complete care to 
complete independence.  Scores range from 18-126 for total 
FIM, 13-91 for FIM exercise, and 5-35 for FIM awareness.  
The lower the score, the less independent the patient is.  
“FIM-motor gain” was calculated by subtracting the FIM-
motor score at admission from that at discharge.  “FIM-
motor efficacy” was defined by dividing the “FIM-motor 
gain” by the length of hospital stay.  

Secondary outcomes included the FILS score at dis-
charge and rate of home discharge, both of which were also 
considered indicators of success in rehabilitation and were 
used as indicators of patients’ quality of care (Kus et al. 
2011; Yoshimura et al. 2019).  In the current study, dyspha-
gia was defined as a FILS score of < 7.

To reduce study bias, rehabilitation therapists, nurses, 
and medical doctors who assessed the MNA-SF, CCI, mRS, 
FILS, and FIM, as well as medical social worker responsi-
ble for suggesting where to discharge patients and social 
resources, were independent of those involved in the collec-
tion and analysis of data and interpretation of the results.

Sample size calculation
Sample size calculation was based on our previous 

study (Shiraishi et al. 2017).  The results showed that the 
FIM-motor at admission for patients in the same setting was 
normally distributed with a standard deviation of 23.4.  If 
the true difference in the mean between the two groups of 
early and late referral patients, with a median onset-admis-
sion days of hospital cutoff, is 17 (Beninato et al. 2006), in 
order to reject the null hypothesis, a sample size of at least 
91 patients in each group is required, with a power of 0.9 
and an alpha error of 0.05.  This would support the validity 
of our results.

Statistical analysis
The parametric data are reported as means (SD); non-

parametric data, medians and 25th to 75th percentiles 
[interquartile range; IQR]; and categorical data, numbers 

(%).  For bivariate analysis, the patients were divided into 
two groups of early and late referral patients with the 
median onset-admission days as the cutoff value.  Two 
group comparisons were made using the t-test, Mann-
Whitney U test and chi-square test.  Multiple linear regres-
sion analyses were used to determine whether onset-admis-
sion interval (days) was significantly associated with FIM-
motor gain and efficacy and FILS score at discharge.  
Multivariate logistic regression analysis was used to deter-
mine whether onset-admission days was significantly asso-
ciated with discharge to home.  Confounders selected to 
adjust for bias were age, sex, NIHSS score, CCI, premorbid 
mRS, MNA-SF, admission scores of FIM-motor and FIM-
cognitive, length of hospital stay (except when FIM effi-
ciency was the dependent variable), total rehabilitation 
therapy (units/day), and home residence type before onset.  
These variables were reported to be clinically relevant to 
the outcome of rehabilitation (Wakabayashi and Sakuma 
2014; Shiraishi et al. 2018; Yoshimura et al. 2018a, b, 
2019).  In multivariate analysis with the dependent variable 
of FILS score at discharge, “FILS score on admission” was 
used instead of “MNA-SF on admission” to adjust for the 
baseline effects.  The referral acute hospitals were also 
adjusted for.  To assess multicollinearity, the Variance 
Inflation Factor (VIF) was used as follows: a VIF value of 
1-10 was considered as the absence of multicollinearity.  
Statistical analysis was performed using IBM SPSS version 
21 (IBM, Armonk, NY, USA).  Statistical significance was 
set at p value < 0.05.  

Ethics
Informed consent was obtained from all participants or 

their legal guardians.  The study was approved by the 
Institutional Review Board of Kumamoto Rehabilitation 
Hospital where the study was conducted (approval number 
2019-12).  The research was conducted in accordance with 
the tenets of the Declaration of Helsinki and the Ethical 
Guidelines for Medical and Health Research Involving 
Human Subjects (Provisional Translation as of March 
2015).

Results
During the study period, a total of 637 stroke patients 

were newly admitted to the wards.  Those that met the 
inclusion criteria were further reviewed for eligibility.  
Among them, the stroke patients with cerebral hemorrhage 
with or without craniotomy (n = 128), those with missing 
data (n = 21), or those with altered consciousness (n = 7) 
were excluded.  Finally, 481 participants were enrolled.  

Table 1 summarizes the baseline characteristics of the 
enrolled patients.  The mean (SD) age was 72.4 (9.1) years 
and 46 percent of the participants were female.  The isch-
emic stroke type included lacunar infarction (n = 210; 
42.7%), atherothrombotic infarction (n = 180; 37.4%), and 
cardioembolic infarction (n = 91; 18.9%).  The median 
[IQR] onset-admission days was 13 [10-20] days.  The 
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median [IQR] scores of FIM-motor and FIM-cognitive 
were 42 [15-68] and 19 [11-28], respectively.  The median 
[IQR] FILS score was 8 [4-10], and dysphagia was 
observed in 28.7% of patients at baseline.  In bivariate anal-

yses at baseline, early referral patients (onset-admission 
days < 13) had lower FIM-motor and FIM-cognition scores 
and higher mRS scores (lower physical independence) 
before and at the onset of stroke and were more likely to 

Table 1.  Baseline characteristics of participants and between-group comparison of early and late referral to rehabilitation wards.

Total (n = 481) Early referral1) (n = 241) Late referral1) (n = 240) p value

Age, y, mean (SD) 72.4 (9.1) 74.1 (10.2) 73.8 (11.3) 0.103

Sex, n (%)
  Female
  Male

220 (45.7)
261 (54.3)

107 (44.4)
134 (55.6)

113 (47.1)
127 (52.9)

0.555

Ischemic stroke type, n (%)
  Lacunar stroke
  Atherothrombotic stroke
  Cardioembolic stroke

210 (42.7)
180 (37.4)
91 (18.9)

108 (44.8)
84 (34.9)
42 (17.4)

102 (42.5)
96 (40.0)
49 (20.4)

0.249

Onset NIHSS score, median [IQR] 8 [3-13] 6 [2-13] 10 [6-14] 0.025

Onset-admission days, median [IQR] 13 [10-20] 10 [9-12] 19 [15-24] -

Referral acute hospital, n (%)
  A / B / C / D 75 (15.6) / 288 (59.9) / 

71 (14.8) 47 (9.8)
43 (17.4) / 151 (62.7) / 

31 (12.9) / 16 (6.6)
32 (13.3) / 137 (57.1) / 

12 (16.7) / 31 (12.9)
0.234

FIM, score, median [IQR]
  Total
  Motor domain
  Cognitive domain 

60 [28-96]
42 [15-68]
19 [11-28]

73 [31-100]
49 [18-73]
22 [12-29]

41 [22-74]
22 [13-54]
15 [8-24]

< 0.001
0.001
0.007

mRS before stroke onset, score, median [IQR] 0 [0-2] 0 [0-2] 0 [0-2] 0.033

mRS at stroke onset, score median [IQR] 5 [4-5] 5 [5-5] 5 [5-5] 0.049

CCI, median [IQR] 2 [1-3] 2 [1-3] 2 [1-3] 0.472

Swallowing status 
  FILS, median [IQR]
  Dysphagia, n (%)

8 [4-10]
138 (28.7)

8 [7-10]
50 (20.7)

7 [2-8]
88 (36.7)

< 0.001
< 0.001

Nutritional status
  Body mass index, kg/m2, mean (SD)
  MNA-SF, score, median [IQR]
  Malnutrition, n (%)
  Energy intake, kcal/kg BW/day, mean (SD)
  Protein, g//kg BW/day, mean (SD)

22.5 (3.8)
6 [4-8]

221 (45.9)
28.0 (8.0)
1.1 (0.3)

22.7 (4.0)
7 [4-9]

105 (43.6)
28.2 (8.2)
1.1 (0.4)

22.4 (3.8)
5 [3-8]

116 (48.3)
28.0 (8.4)
1.0 (0.3)

0.237
0.001
0.012
0.694
0.127

Residence before onset, n (%)
  Own home
  Nursing home
  Institution

457 (95.0)
13 (2.7)
11 (2.3)

232 (96.2)
5 (2.1)
4 (1.7)

225 (93.8)
8 (3.3)
7 (2.9)

0.343

Living alone before onset (n = 457), n (%) 43 (9.4) 18 (8.1) 25 (10.6) 0.256

Laboratory data, mean (SD)
  Albumin, g/dL
  Hemoglobin, g/dL
  C-reactive protein, mg/dL

3.7 (0.5)
13.1 (1.8)
1.2 (2.2)

3.6 (0.5)
13.3 (1.9)
1.1 (3.3)

3.5 (0.6)
12.8 (2.0)
1.4 (3.1)

0.066
0.015
0.260

Rehabilitation therapy2), units/day, median [IQR] 8.0 [7.2-8.3] 8.0 [7.1-8.4] 8.0 [7.3-8.3] 0.365

Lengths of hospital stay, day, median [IQR] 86 [50-115] 73 [48-110] 101 [52-122] 0.001

CCI, Charlson’s comorbidity index; FILS, food intake level scale; FIM, functional independence measure; MNA-SF, mini nutritional 
assessment-short form; mRS, modified Rankin Scale; NIHSS, National Institute of Health Stroke Scale.
1)Early and late referrals: two groups with median referral days of 13 days as cutoff.
2)Rehabilitation therapy performed during hospitalization (1 unit = 20 min).



Short Onset-Admission Interval in Stroke 19

experience dysphagia, compared with late referral patients 
(Table 1).

The results of the univariate analyses of the clinical 

outcomes between the early and late referral patients are 
shown in Table 2.  Early referral patients compared with 
late referral patients had a higher median [IQR] FIM-motor 

Table 2.  Univariate analyses for clinical outcomes between groups of early and late referral to rehabilitation wards.

Early referral (n = 241) Late referral (n = 240) p value

FIM at discharge, score, median [IQR]
  Total
  Motor domain
  Cognitive domain 

111 [72-123]
82 [49-90]
30 [19-29]

101 [52-120]
75 [34-89]
27 [17-33]

0.008
0.008
0.025

FIM gain, score, median [IQR]
  Total
  Motor domain
  Cognitive domain 

22 [10-41]
18 [8-33]
5 [1-9]

22 [7-46]
18 [4-35]
4 [1-10]

0.259
0.388
0.427

FIM efficacy, score/day, median [IQR]
  Total
  Motor domain
  Cognitive domain

0.34 [.14-.52]
0.26 [.11-.39]
0.06 [.02-.12]

0.30 [.11-.46]
0.23 [.06-.37]
0.05 [.01-.10]

0.027
0.044
0.075

Swallowing status at discharge
  FILS, score, median [IQR]
  Dysphagia at discharge, n (%)

10 [8-10]
14 (5.8)

10 [7-10]
33 (13.8)

0.009
0.044

Home discharge, n (%) 189 (78.4) 169 (70.4) 0.003

Early and late referrals: two groups with median referral days of 13 days as cutoff.
FILS, food intake level scale; FIM, functional independence measure.

Table 3.  Multiple linear regression analyses for FIM-motor gain and efficacy. 

FIM-motor gain FIM-motor efficacy

β p value β p value

Age −0.110 0.041 −0.042 0.125

Sex 0.002 0.746 −0.024 0.730

Onset-admission days −0.102 0.032 −0.149 0.021

FIM-motor on admission −0.241 < 0.001 −0.134 < 0.001

FIM-cognitive on admission 0.139 0.011 0.264 0.012

Onset NIHSS score −0.055 0.312 −0.024 0.411

Length of hospital stay 0.138 0.035 - -

CCI −0.079 0.092 −0.092 0.068

MNA-SF on admission 0.262 < 0.001 0.281 < 0.001

Rehabilitation therapy 0.137 0.004 0.096 0.086

Premorbid mRS −0.187 < 0.001 −0.221 < 0.001

Referral acute hospital 
  A hospital
  B hospital
  C hospital
  D hospital (reference)

   0.051
   0.102
−0.023

-

0.557
0.213
0.644

-

−0.029
   0.010
−0.013

-

0.618
0.761
0.510

-

Home residence before onset 0.112 0.070 0.181 0.023

CCI, Charlson’s comorbidity index; FIM, functional independence measure; MNA-SF, mini nutritional 
assessment-short form; mRS, modified Rankin Scale; NIHSS, National Institute of Health Stroke Scale.
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score at discharge (82 [49-90] vs. 75 [34-89], p = 0.008) 
and a higher median [IQR] efficiency of FIM-motor (0.26 
[0.11-0.39] vs. 0.23 [0.06-0.37], p = 0.044), and decreased 
incidence of dysphagia at discharge (5.8% vs. 13.8%, p = 
0.044).  In addition, early referral patients were more likely 
to be discharged from hospital to home than those with late 
referral (78.4% vs. 70.4%, p = 0.003).

Tables 3 and 4 show the results of multiple linear 
regression analyses for FIM-motor gain and efficacy and 
FILS score at discharge, with adjustment of potential con-
founding factors.  To reduce bias, all multivariate analyses 
were adjusted for the same confounding factors (except for 
the baseline scores for MNA-SF and FILS), where no mul-
ticollinearity between the variables was detected.  The 
results showed that onset-admission interval was signifi-
cantly and negatively associated with FIM-motor gain (β = 
−0.102, p = 0.032) and efficacy (β = −0.149, p = 0.021) and 
FILS score at discharge (β = −0.149, p = 0.040).  However, 
the strength of the association was weak for all outcomes.

Table 5 show the multivariate logistic regression anal-
ysis for discharge to home, after adjusting for potential con-
founders.  No multicollinearity between the variables was 
detected.  The result showed that onset-admission interval 
was significantly and negatively associated with the rate of 
discharge to home (odds ratio: 0.948, p = 0.038).

Discussion
In the current study, we aimed to assess the benefits of 

early admission from onset to convalescent rehabilitation 
wards regarding clinical outcomes in ischemic stroke 
patients.  Our results highlight three important findings in 
ischemic stroke patients: (1) early admission from onset to 
convalescent rehabilitation wards is positively associated 
with ADL improvement, (2) early admission is positively 
associated with dysphagia improvement, and (3) early 
admission is associated with a higher rate of home dis-
charge.

Early admission from onset to convalescent rehabilita-
tion wards was positively associated with ADL improve-
ment in ischemic stroke patients.  Early commencement of 
rehabilitation after stroke is recommended in many clinical 
practice guidelines (Belagaje 2017; Bernhardt et al. 2017; 
Coleman et al. 2017).  Moreover, in the medical coopera-
tion system in Japan, intensive rehabilitation therapy is 
reported to lead to preferable functional outcomes after 
stroke in convalescent rehabilitation wards (Kamo et al. 
2019), where intensive and comprehensive multidisci-
plinary inpatient rehabilitation is performed (KRWA 2016).  
To make progress in this field, we aimed to determine 
whether the onset-admission interval had any associations 
with the rehabilitation outcomes in this setting.  This study 

Table 4.  Multiple linear regression analysis for FILS at 
discharge.

β p value

Age −0.131 0.010

Sex 0.041 0.175

Onset-admission days −0.149 0.040

FIM-motor on admission 0.185 0.027

FIM-cognitive on admission 0.217 0.022

Onset NIHSS score 0.127 0.110

Length of hospital stay 0.057 0.162

CCI −0.010 0.510

FILS on admission 0.421 < 0.001

Rehabilitation therapy 0.223 0.012

Premorbid mRS −0.062 0.218

Referral acute hospital 
  A hospital
  B hospital
  C hospital
  D hospital (reference)

−0.029
  0.054
−0.061

-

0.454
0.824
0.312

-

Home residence before onset 0.012 0.132

CCI, Charlson’s comorbidity index; FILS, food intake 
level scale; FIM, functional independence measure; 
mRS, modified Rankin Scale; NIHSS, National Institute 
of Health Stroke Scale.

Table 5.  Multiple logistic regression analysis for home 
discharge.

OR (95% CI) p value

Age 0.911 (0.885-0.991) 0.036

Sex 0.741 (0.358-1.413) 0.414

Onset-admission days 0.948 (0.910-0.989) 0.038

FIM-motor on admission 1.115 (1.034-1.189) < 0.001

FIM-cognitive on admission 1.069 (0.996-1.159) 0.085

Onset NIHSS score 0.711 (0.421-1.123) 0.122

Length of hospital stay 1.009 (0.997-1.018) 0.121

CCI 0.766 (0.491-1.101) 0.131

MNA-SF on admission 1.249 (1.005-1.512) 0.020

Rehabilitation therapy 1.029 (0.562-1.581) 0.434

Premorbid mRS 0.751 (0.470-1.071) 0.114

Referral acute hospital 
  A hospital
  B hospital
  C hospital
  D hospital (reference)

0.175 (0.119-1.81)
  0.712 (0.153-3.545)
  0.552 (0.029-1.320)

-

0.112
0.511
0.123

-

Home residence before onset 5.125 (1.035-9.591) 0.011

CCI, Charlson’s comorbidity index; FIM, functional 
independence measure; MNA-SF, mini nutritional 
assessment-short form; mRS, modified Rankin Scale; 
NIHSS, National Institute of Health Stroke Scale.



Short Onset-Admission Interval in Stroke 21

addressed the evidence gap by reporting that a shorter time 
from the onset of stroke to admission to convalescent reha-
bilitation wards was associated with greater functional 
improvement.  

Early admission to convalescent rehabilitation wards 
was positively associated with dysphagia improvement.  
Here, we speculate that this may be because convalescent 
rehabilitation wards in Japan have a large number of medi-
cal personnel, including speech-language-hearing thera-
pists, specialist nurses, and dental hygienists, who are 
involved in eating and swallowing rehabilitation, while the 
proportion of such personnel is low in acute care hospitals 
(Miyai et al. 2011; Okamoto et al. 2014; Shiraishi et al. 
2019b, 2020).  Consequently, late admission to convales-
cent wards may lead to poor recovery of dysphagia.  
Previous studies reported that early commencement of 
intensive dysphagia rehabilitation was associated with a 
greater improvement in the swallowing function (Lee et al. 
2014; Du et al. 2016) and lower aspiration rates (Bakhtiyari 
et al. 2015) in stroke patients, which also support our 
results.

Early admission was associated with a higher rate of 
discharge to home.  The factors influencing the rate of home 
discharge after stroke rehabilitation include higher age, 
lower ADL, limited mobility, cognitive impairment, dys-
phagia, impaired oral status, malnutrition, sarcopenia, and 
medical needs (Massucci et al. 2006; Yoshimura et al. 2019; 
Shiraishi et al. 2019a).  Here, we showed that early admis-
sion was associated with improved ADL and dysphagia.  
This indirectly suggests that early admission also increases 
the likelihood of returning home after discharge.

There are some limitations of the current study.  First, 
the retrospective study design and limited number of hospi-
tals might limit the generalizability of the results.  
Moreover, we could not rule out the possibility that baseline 
differences between the groups may have influenced the 
results.  We need future multicenter studies to support our 
results.  Second, there could be unmeasured confounders 
that might affect the results.  Accordingly, we were unable 
to obtain detailed information regarding whether complica-
tions were treated, whether intravenous treatment of recom-
binant tissue plasminogen activator was administered, and 
the quality and quantity of treatment and rehabilitation in 
acute care hospitals, which might affect the functional out-
comes.  High-quality prospective studies are warranted to 
adjust for these confounding factors.  Third, the Kumamoto 
earthquake occurred in 2016, which was not treated as an 
adjustment variable in the current study.  However, the 
earthquake may have had a significant impact on the 
regional health care coordination system in Kumamoto; 
thus, the results must be carefully interpreted.

In conclusion, the onset-admission interval from acute 
hospital to convalescent rehabilitation wards is associated 
with clinical outcomes, including ADLs, swallowing status, 
and the rate of discharge to home, in ischemic stroke 
patients, regardless of stroke severity.  Based on these find-

ings, we emphasize the importance of close medical coop-
eration in the regional medical system and transfer to con-
valescent rehabilitation wards as early as medically 
acceptable in such patients. 
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