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Abstract

Background:  Because longer length of hospital stays (LOS) have 
been recognized to pose a significant economic burden on society, 
attempts to reduce LOS in acute care hospitals have been imple-
mented to improve the efficiency of care. However, few studies 
have quantitatively measured the inherent effect of LOS on patient 
functional recovery in acute care settings. To determine whether a 
reduction in LOS is justified, we tested whether a longer LOS is 
associated with the deterioration of functional recovery in patients 
with nontraumatic cerebrovascular disease (CVD).

Methods:  Using Japanese administrative data collected between 
2004 and 2008 across 138 acute care hospitals, 19,175 CVD pa-
tients with alert consciousness at admission and at discharge were 
included to remove the sequence of longer LOS caused by con-
sciousness deterioration during hospitalization. The Barthel index 
(BI) at admission as well as the difference between the BI at admis-
sion and discharge were examined. Patient and hospital character-

istics, fiscal year, LOS, and total charges (TC; $1 = 100 yen) were 
analyzed among three BI improvement categories (deterioration, no 
change, and improvement). The effects of longer LOS and age on 
change in BI were determined using mixed linear regression mod-
els where study hospitals were handled as a random intercept. To 
respond to the critique of handling the ordinal variable of BI as the 
continuous one, logistic regression was employed to assess the as-
sociation of longer LOS with BI deterioration.

Results:  Three point five percent (3.5%), 59.7%, and 36.9% of 
patients experienced deterioration, no change, and improvement in 
BI, respectively, and 55.5%, 88.9%, and 15.6% of patients in these 
respective groups were nearly completely independent at admis-
sion. The mean age of deterioration, no change, and improvement 
in BI was 73.7, 66.5, and 69.5 years, respectively. Longer LOS was 
significantly associated with less BI improvement, which was more 
remarkable in patients ≥ 75 years of age. Rehabilitation was not 
observed to determine the degree of BI improvement, but delayed 
rehabilitation was observed to predict BI deterioration.

Conclusions:  Because a longer LOS was not observed to amelio-
rate functional recovery, stakeholders should determine the appro-
priate LOS in acute CVD care and monitor unnecessary hospital-
ization, especially in the elderly.

Keywords:  Cerebrovascular disease; Functional recovery; Length 
of hospital stay; Rehabilitation

Introduction

Modern society is experiencing an aging population. Po-
litical stakeholders have triggered debates regarding the 
efficient allocation and financing of healthcare delivery in 
developed countries [1]. In 2004, approximately 15% of 
the Japanese population was at least 70 years of age and ac-
counted for 40.6% (US $130 billion) of national healthcare 
expenditures. Furthermore, patients aged 70 years or more 
with cerebrovascular disease (CVD) accounted for US $12 
billion in healthcare expenditures [2]. It is well known that 
this age group is likely to suffer from non-communicable 
and resource-consuming diseases including cancer, CVD, 
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and cardiovascular diseases, and that disease management is 
a major focus of research for disease prevention and rehabili-
tation after acute onset of these diseases [3]. Health service 
research has long been performed to profile the economic 
burden on patients, their families and on society, and has fo-
cused on efficient resource use because the discharge rate per 
100,000 population is not decreasing [4].

To reduce this burden, attempts have been made to re-
duce the length of hospital stay (LOS) to enhance the quality 
or efficiency of care by implementing rehabilitation. Many 
factors have been debated to explain the variation in LOS by 
adjusting for patient characteristics such as age and stroke 
severity; treatment strategies or system organizations such 
as interdisciplinary care delivery; and hospital characteris-
tics such as hospital volume [1, 5-10]. Before focusing on 
healthcare resource utilization, patient outcomes and quality 
of daily life should be also considered as priorities. Therein, 
age disparity, volume-quality relationships, and variations in 
case mixes have often been enrolled in that consideration.

In recognition of these conditions, the rationale for re-
ducing LOS should be confirmed. To enhance the efficiency 
of stroke care and eliminate healthcare costs, referral poli-
cies for rehabilitation facilities and home-based settings 
have been implemented, which force institutions to reduce 
hospitalization and to provide an effective strategy aimed 
at recovering the functional activity of daily life [7, 9, 11]. 
However, care-related health outcomes other than mortality 
and complications have not been sufficiently investigated 
to justify reducing LOS [1, 5, 12]. Indeed, few quantitative 
analyses have estimated the original effect of longer LOS on 
functional status in acute care settings [8]. Hospitalization, 
although necessary for effective care after an acute event, 
removes patients from their daily lifestyle. Patients need to 
lie on beds, which may lead to functional impairment, es-
pecially in the elderly with limited residual physiological 
capacity. Community-based studies investigating the rela-
tionship between longer LOS spent in acute care hospitals 
and functional recovery during hospitalization should help 
to validate policies monitoring unnecessary LOS or advocat-
ing the strengthening of hospital functions, including patient 
referral to long-term care facilities and home care to provide 
more comfortable environments familiar to the patient.

Using a Japanese administrative database, we tested 
whether longer hospitalization was associated with deteri-
oration in the Barthel index (BI), a proxy for the patient’s 
recovery of activities of daily life (ADL), and identified the 
factors associated with the observed BI improvements.

 
Methods

   
Data

This was a secondary data analysis conducted as part of a 

government-funded research project on the development of a 
Japanese case-mix classification system. Anonymous claims 
and clinical data were gathered from 1,428 hospitals (82 aca-
demic hospitals and 1,346 community hospitals) by the Min-
istry of Health, Labour and Welfare (MHLW) until 2008. The 
data, including patients’ daily care processes, were collected 
by the MHLW and merged into a standardized electronic for-
mat for this project over 4 - 6 month periods every year since 
July 1, 2002. Of a total of 8,010,361 patients across 1006 
hospitals participating in our research, we analyzed patients 
with nontraumatic CVD and alert consciousness at admis-
sion and at discharge, who were consecutively treated in 151 
hospitals between fiscal years (FY) 2004 and 2008. To distill 
out the inherent impact of longer LOS on change in func-
tional status, we attempted to eliminate either the cases re-
quiring a longer LOS sequent to consciousness deterioration 
during admission or those with consciousness deterioration 
observed during the longer hospitalization. Our project was 
approved by the ethical committee of the University of Oc-
cupational and Environmental Health, Fukuoka, Japan.

Study variables

Study variables included age, sex, principal diagnosis, use 
of an ambulance, outcome at discharge, destination (home 
or another facility), disability status, weighted comorbidity, 
type of procedure defined in a case-mix definition table, pro-
cedure-related complications, use of ventilation as a proxy 
of the influence of intensive care stay on ADL and rehabili-
tation, quantity (days) or initiation of rehabilitation during 
hospitalization, hospital teaching status (academic or com-
munity), patient volume of study hospitals, FY, LOS, and 
total charge (US $1 = 100 yen). Age was stratified into 4 
categories: 15 - 65 years, 65 - 74 years, 75 - 84 years, and ≥ 
85 years. Emergency admission was defined as transport to 
hospital by an ambulance. The principal diagnosis of CVD 
was recorded using the appropriate International Classifi-
cation of Diseases 10th Revision codes and categorized as 
transient ischemia (TIA; G45), lacunar status (G46), intra-
cranial hemorrhage (I61), subarachnoid hemorrhage (SAH; 
I60), subdural hematoma (I62), infarction (I63), and revers-
ible ischemic neurological deficits (I65-6). A maximum of 4 
comorbidities and 4 complications were recorded in the data-
base. Weighted comorbidity status was calculated using the 
Charlson comorbidity index (CCI), which includes dementia 
and CVDs [13]. These 2 conditions were also examined in-
dividually. The procedures for CVDs of interest were identi-
fied and analyzed, and included percutaneous endovascular 
interventions (e.g., coil implantation, angioplasty, or throm-
bolysis), carotid endarterectomy, clipping, decompression 
craniotomy, and evacuation of intracranial hematoma. In 
terms of complications, deep vein thrombosis (DVT) and/or 
pulmonary embolism and procedure-related complications 
were examined. The latter included wound complications, 
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Deterioration No change Improvement P

Overall 668 11440 7067
Age

Mean age [SD] 73.7 [11.2] 66.5 [13.2] 69.5 [12.4] < 0.001

65 - 74 years 186 (27.8) 3652 (31.9) 2138 (30.3) < 0.001

75 - 84 years 246 (36.8) 2618 (22.9) 2065 (29.2)

85 years and over 108 (16.2) 655 (5.7) 644 (9.1)

Gender

Male 370 (55.4) 7561 (66.1) 4256 (60.2) < 0.001

Transfer not at home 329 (49.3) 957 (8.4) 1582 (22.4) < 0.001

Ambulance use 184 (27.5) 1918 (16.8) 2658 (37.6) < 0.001

Principal disease

Transient ischemia 26 (3.9) 1252 (10.9) 563 (8) < 0.001

Lacunar infarction 129 (19.3) 1613 (14.1) 1237 (17.5)

SAH 13 (1.9) 286 (2.5) 269 (3.8)

Hemorrhage 47 (7) 619 (5.4) 706 (10)

Nontraumatic subdural hematoma 36 (5.4) 580 (5.1) 418 (5.9)

Infarction 370 (55.4) 4801 (42) 3542 (50.1)

RIND 47 (7) 2289 (20) 332 (4.7)

BI at admission

Dependent 189 (28.3) 982 (8.6) 4174 (59.1) < 0.001

Assisted independence 108 (16.2) 285 (2.5) 1789 (25.3)

Independence with minimal assistance 371 (55.5) 10173 (88.9) 1104 (15.6)

Charlson comorbidity index < 0.001

1 188 (28.1) 3043 (26.6) 1898 (26.9) < 0.001

2 106 (15.9) 1249 (10.9) 1006 (14.2)

3 40 (6) 363 (3.2) 349 (4.9)

4 or more 19 (2.8) 134 (1.2) 125 (1.8)

Preexisting cognitive impairment 2 (0.3) 0 (0) 5 (0.1) < 0.001

Preexisting cerebrovascular disease 111 (16.6) 1835 (16) 1041 (14.7) 0.044 

Table 1. Patient Characteristics and Outcomes by Barthel Index Improvement Category

RIND: reversible ischemic neurological deficit; SAH: subarachnoid hemorrhage; BI: Barthel index; SD: standard deviation.
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Table 1. Patient Characteristics and Outcomes by Barthel Index Improvement Category (Continued)

LVH: low-volume hospital; IVH: intermediate-volume hospital; HVH: high-volume hospital; LOS: length of hospital stay; TC: total 
charge; SD: standard deviation.

Deterioration No change Improvement P
Atrial fibrillation or flutter 52 (7.8) 522 (4.6) 477 (6.7) < 0.001

Procedure-related complication 8 (1.2) 112 (1) 60 (0.8) 0.524

Cognitive impairment after admission 3 (0.4) 31 (0.3) 22 (0.3) 0.660

Deep vein thrombosis and pulmonary embolism 1 (0.1) 20 (0.2) 15 (0.2) 0.827

Procedure

Surgical procedure

Present 135 (20.2) 1905 (16.7) 864 (12.2) < 0.001

Ventilation

Administered 10 (1.5) 126 (1.1) 60 (0.8) 0.117

Mean days administered [SD] 2.8 [3.6] 3.9 [5.2] 3.8 [7.3] 0.847

Rehabilitation

Administered 398 (59.6) 3392 (29.7) 3769 (53.3) < 0.001

Mean days administered [SD] 16.0 [17.6] 10.1 [12.9] 12.9 [13.9] < 0.001

Hospital

Patient volume

LVH 212 (31.7) 4233 (37.0) 2087 (29.5) < 0.001

IVH 205 (30.7) 3998 (34.9) 2279 (32.2)

HVH 251 (37.6) 3209 (28.1) 2701 (38.2)

Teaching status

Academic 141 (21.1) 3247 (28.4) 1196 (16.9) < 0.001

Fiscal year

2004 90 (3.8) 1505 (63.4) 779 (32.8) < 0.001

2005 143 (3.5) 2524 (60.9) 1476 (35.6)

2006 188 (3.2) 3585 (60.5) 2156 (36.4)

2007 128 (3.7) 1926 (55.4) 1425 (41.0)

2008 119 (3.7) 1900 (58.5) 1231 (37.9)

Resource use

Mean LOS, days [SD] 27.6 [25.1] 13.9 [14.2] 19.4 [16.7] < 0.001

Mean TC, $ [SD] 10362 [8779] 5948 [6199] 7706 [6867] < 0.001
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hematoma, and laceration or disruption of the treated organs 
by instrumentation or manipulation, for example, (T81 - 
T87) [14]. Cognitive impairment after admission, which was 
defined in the CCI, was also examined [13].

Disability status was assessed by the BI score at admis-
sion and at discharge. BI at admission was grouped into the 
following categories: < 59 = dependent; 60 - 84 = assisted in-
dependence; and ≥ 85 = nearly complete independence [15]. 
Changes in BI score were determined as BI at discharge mi-
nus BI at admission if the improvement was more than zero 
and categorized into 3 groups: improvement, no change, and 
deterioration [3]. Hospital volume and academic status were 
examined as hospital characteristics. The former was cat-
egorized into high-, intermediate-, or low-volume hospitals 
(HVH, IVH, or LVH), with each group containing an equal 
number of patients. Academic hospitals included university 
hospitals and the National Cardiovascular Center involved 
in educating medical students and postgraduate trainees and 
delivering clinical research. The dependent variables were 
changes in BI. Deceased patients were excluded from this 
analysis.

Statistical analysis

Proportions and descriptive statistics within each BI catego-
ry were compared using Fisher’s exact test and analysis of 
variance. Mixed linear regression models were used to iden-
tify the impact of longer LOS on change in BI score. BI has a 
ceiling effect, and BI category at admission was included in 
the models [10]. To control for hospital location and differ-
ences in hospital practices, the study hospital was included as 
a random intercept in the 3 models. An interaction between 
LOS and age categories and between LOS and study CVDs 
was also included in Model 2 and 3, respectively. The num-
ber of days of rehabilitation and day of rehabilitation initia-
tion, which were weakly to moderately correlated with LOS 
(Spearman’s correlation coefficient: 0.522 (P < 0.001) and 
0.266 (P < 0.001), respectively), were included as covariates 
in all 3 models because we believe that a more explicit im-
pact of LOS, a proxy of bed rest, on BI improvement should 
be extracted to adjust for the effect of rehabilitation. Spear-
man’s correlation coefficient between rehabilitation day and 
day of rehabilitation initiation was -0.374 (P < 0.001). To 
overcome the critique of handling the ordinal variable of 
BI as the continuous one, we employed logistic regression 
analysis to assess the relationship between longer LOS and 
BI deterioration. All statistical analyses were performed us-
ing SPSS version 16.0. All P-values were two-tailed, and the 
level of significance was set at < 0.05.

 
Results

  
Among 45,502 CVD patients across 151 acute care hospitals 

(41 academic and 110 community hospitals), 19 175 CVD 
patients with alert consciousness both at admission and dis-
charge were identified across 138 hospitals (32 academic and 
106 community hospitals).

Overall, 668 patients (3.5%) experienced a deteriora-
tion in BI, 11,440 (59.7%) experienced no change, and 7,067 
(36.8%) experienced an improvement in BI. The mean age 
was statistically different among the BI change categories 
(deterioration, 73.7 years; no change, 66.5 years; improve-
ment, 69.5 years; P < 0.001). The patient characteristics and 
care processes received differed significantly among the BI 
categories with the exception of procedure-related complica-
tions, cognitive impairment after admission, and DVT. Sur-
gical procedures and rehabilitation were significantly more 
frequently used in patients with BI deterioration. BI deterio-
ration and improvement were more frequently observed in 
HVHs than in LVHs and IVHs. There was a statistical dif-
ference in the proportion of patients experiencing improve-
ments in BI among the study FYs. Mean LOS and mean TC 
were 27.6 days and US $10,362, respectively, for patients 
showing deteriorations in BI; 13.9 days and $5,948, respec-
tively, for patients with no change in BI; and 19.4 days and 
$7,706, respectively, for patients showing improvements in 
BI (Table 1).

Age ≥ 65 years and advancing age categories were sig-
nificantly associated with less BI improvement in any study 
model. Study comorbidities or complications, CCI 1, 3 and 
4, patient volume, and teaching status were not significantly 
associated with BI improvement. Significant BI improve-
ment was observed in FYs 2007 and 2008. The interaction 
between LOS and age categories and between LOS and 
study principal diagnosis was observed with the exception of 
TIA and hematoma (Table 2).

Longer LOS and delayed initiation of rehabilitation 
were significantly associated with BI deterioration, whereas 
more rehabilitation was not (Table 3).

Discussion
  
This study revealed a quantitative association between LOS 
and the magnitude of BI improvement, based on a commu-
nity-based appraisal of patients with nontraumatic CVD in 
Japanese acute care hospitals. We found that longer hospital-
ization was likely to worsen functional recovery in all study 
models and age categories. The initiation of rehabilitation, 
quantity of rehabilitation day, and hospital characteristics 
were not observed to determine functional improvement.

The Japanese healthcare system has been praised for its 
effects on health status [16]. Meanwhile, the mean LOS for 
acute care hospital admissions decreased from 24.8 days in 
2000 to 19.2 days in 2006, but was still 2 to 4 times longer 
than that in several Organization for Economic Co-opera-
tion and Development (OECD) countries in 2006 [4]. The 
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OECD acknowledged that the reason for the longer LOS was 
partly because of the broader differentiation of “acute care” 
compared with the definition used in other OECD countries 
[17]. Ironically, these circumstances specific to Japan have 
enabled studies, such as ours, to be performed. Discussions 

regarding the efficiency of care and differentiation of hospi-
tal function might be appropriate because longer hospitaliza-
tion and rehabilitation in acute care hospitals do not always 
accompany better quality of care for CVD. Thus, the present 
study might be validated once patients in other OECD coun-

Independent variables
Model 1 Model 2 Model 3

Estimation 95% CI Estimation 95% CI Estimation 95% CI

Intercept 51.6 [46.7 - 56.4] 49.8 [44.8 - 54.7] 50.5 [44.5 - 56.5]
Age (for 15 - 64 years)

    65 - 74 years -2.0 [-3.2 - -0.8] -0.4 [-2.3 - 1.4] -2.0 [-3.2 - -0.8]

    75 - 84 years -4.8 [-6.0 - -3.5] -2.1 [-4.0 - -0.1] -4.8 [-6.0 - -3.5]

    85 years and over -13.3 [-15.2 - -11.4] -10.6 [-13.4 - -7.8] -13.3 [-15.1 - -11.4]

Male 0.4 [-0.6 - 1.4] 0.3 [-0.7 - 1.3] 0.3 [-0.7 - 1.3]

Transfer not at home -16.2 [-17.5 - -15.0] -16.1 [-17.4 - -14.9] -16.2 [-17.5 - -15.0]

Ambulance 4.0 [2.9 - 5.1] 4.0 [2.9 - 5.1] 4.0 [2.8 - 5.1]

Principal Diagnosis (for TIA)

    Lacunar -1.0 [-4.7 - 2.7] -1.0 [-4.8 - 2.7] -0.6 [-5.9 - 4.7]

    SAH 16.6 [11.6 - 21.6] 16.4 [11.3 - 21.4] 20.8 [13.3 - 28.4]

    Hemorrhage 3.0 [-0.9 - 6.9] 2.9 [-1 - 6.8] 0.3 [-5.3 - 6.0]

    Subdural hematoma -2.2 [-7.2 - 2.8] -2.1 [-7.1 - 3.0] 3.8 [-3.4 - 11.0]

    Infarction -0.7 [-4.3 - 2.9] -0.7 [-4.4 - 2.9] 0.4 [-4.7 - 5.5]

    RIND 0.2 [-4.0 - 4.4] 0.2 [-4.0 - 4.4] 3.2 [-3.1 - 9.5]

BI at admission (for dependent)   

    Assisted independence -24.7 [-26.2 - -23.2] -24.7 [-26.2 - -23.2] -24.7 [-26.2 - -23.2]

    Independence with minimal assistance -46.3 [-47.6 - -45.1] -46.2 [-47.4 - -45] -46.3 [-47.5 - -45.1]

Charlson comorbidity index (for zero)   

    1 -1.0 [-2.2 - 0.3] -0.9 [-2.1 - 0.3] -1.0 [-2.2 - 0.3]

    2 -1.4 [-2.8 - 0.0] -1.4 [-2.9 - 0.0] -1.4 [-2.9 - 0.0]

    3 -1.3 [-3.5 - 0.8] -1.3 [-3.4 - 0.9] -1.4 [-3.6 - 0.8]

    4 or more -3.2 [-6.6 - 0.1] -3.1 [-6.5 - 0.3] -3.3 [-6.6 - 0.1]

Cerebral vascular accident -0.2 [-1.7 - 1.4] -0.1 [-1.6 - 1.4] -0.1 [-1.7 - 1.4]

Dementia -10.3 [-26.8 - 6.3] -10.3 [-26.9 - 6.2] -10.2 [-26.7 - 6.4]

Table 2. Factors Associated With Improvement of Barthel Index

CI: confidence interval; RIND: reversible ischemic neurological deficit; SAH: subarachnoid hemorrhage; BI: Barthel 
index.
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tries come to require longer LOS than expected.
Numerous studies have focused on the effectiveness 

and efficiency of healthcare, and healthcare outcomes such 

as LOS, mortality, and disability were the most important 
parameters when comparing quality of stroke care [3, 7, 8]. 
However, few studies have determined the essential impact 

Table 2. Factors Associated With Improvement of Barthel Index (Continued)

CI: confidence interval; LOS: length of stay; LVH: low-volume hospital; IVH: intermediate-volume hospital; HVH: high-volume hospital; 
a: LOS*15 - 64 years; b: LOS*65 - 74 years; c: LOS*75 - 84 years; d: LOS*85 – years; e: LOS*TIA; f: LOS*lacunar; g: LOS*SAH; h: 
LOS*hemorrhage; I: LOS*subdural hematoma; j: LOS*infarction; k: LOS*RIND.

Independent variables
Model 1 Model 2 Model 3

Estimation 95% CI Estimation 95% CI Estimation 95% CI

Atrial fibrillation or flutter -1.2 [-3.1 - 0.6] -1.2 [-3.0 - 0.7] -1.2 [-3.1 - 0.7]
Procedure-related complication -2.7 [-8.6 - 3.3] -2.3 [-8.3 - 3.6] -3.0 [-9.0 - 3.0]

Cognitive impairment after admission -1.3 [-9.2 - 6.5] -0.9 [-8.7 - 7.0] -1.0 [-8.9 - 6.8]

Deep vein thrombosis -0.3 [-9.4 - 8.8] -0.2 [-9.4 - 8.9] -0.7 [-9.8 - 8.4]

Procedure (reference; Medical) -1.8 [-3.8 - 0.2] -2.0 [-4 - 0.0] -2.2 [-4.2 - -0.1]

Ventilation -4.0 [-8.3 - 0.3] -4.5 [-8.8 - -0.2] -3.6 [-8.0 - 0.7]

Patient volume (reference; LVH)   

    IVH -1.4 [-3.7 - 0.9] -1.4 [-3.8 - 0.9] -1.4 [-3.7 - 0.9]

    HVH 0.1 [-2.6 - 2.9] 0.1 [-2.8 - 2.9] 0.2 [-2.7 - 3.0]

Hospital (reference; Community)   

    Academic -1.2 [-3.6 - 1.2] -1.2 [-3.7 - 1.2] -1.2 [-3.6 - 1.2]

Fiscal year (for 2004)   

    2005 1.5 [-0.7 - 3.7] 1.6 [-0.7 - 3.8] 1.5 [-0.7 - 3.7]

    2006 1.6 [-0.7 - 3.8] 1.7 [-0.5 - 4.0] 1.7 [-0.5 - 4.0]

    2007 2.4 [0.1 - 4.7] 2.5 [0.2 - 4.9] 2.6 [0.2 - 4.9]

    2008 3.0 [0.6 - 5.3] 3.1 [0.8 - 5.5] 3.2 [0.8 - 5.5]

LOS, one more day -0.174 [-0.230 - -0.118] a -0.104 [-0.172 - -0.037] e -0.114 [-0.357 - 0.129]

b -0.174 [-0.243 - -0.106] f -0.152 [-0.230 - -0.074]

c -0.224 [-0.293 - -0.156] g -0.250 [-0.371 - -0.130]

d -0.221 [-0.306 - -0.136] h -0.032 [-0.124 - 0.061]

i -0.417 [-0.610 - -0.225]

j -0.181 [-0.240 - -0.121]

  k -0.252 [-0.386 - -0.118]

Initiation of rehabilitaion, one day delayed 0.075 [0.002 - 0.147] 0.083 [-0.001 - 0.167] 0.079 [-0.005 - 0.163]

Rehabilitation, one more day 0.075 [-0.009 - 0.158] 0.075 [0.002 - 0.149] 0.070 [-0.003 - 0.143]

Akaike information criteria 67331.7 67207.0 67205.5 
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of LOS itself on functional status since Clarke’s earlier cri-
tique of reducing LOS [5]. Longer LOS at acute care facili-
ties, which relieve patient or family anxiety, might be due 
to disease severity, the use of many care processes includ-

Table 3. Factors Associated With Deterioration of Barthel Index

CI: confidence interval; RIND: reversible ischemic neurological deficit; SAH: sub-
arachnoid hemorrhage; BI: Barthel index; LOS: length of stay; LVH: low-volume 
hospital; IVH: intermediate-volume hospital; HVH: high-volume hospital.

ing resource-intensive procedures, or individual practices 
[5, 18]. Extended hospitalization undoubtedly separates pa-
tients from their usual daily life and may increase the risk 
of unwanted complications such as acquired infection [5]. 

Independent variables Odd ratio 95% CI
Age (for 15 - 64 years)
    65 - 74 years 1.418 [1.043 - 1.928]
    75 - 84 years 1.886 [1.394 - 2.552]
    85 years and over 2.540 [1.711 - 3.771]
Male 0.909 [0.726 - 1.138]
Transfer not at home 6.402 [4.993 - 8.207]
Ambulance 1.063 [0.831 - 1.361]
Principal Diagnosis (for TIA)
    Lacunar 1.576 [0.552 - 4.497]
    SAH 0.813 [0.220 - 2.999]
    Hemorrhage 0.981 [0.325 - 2.963]
    Subdural hematoma 1.860 [0.542 - 6.380]
    Infarction 1.627 [0.578 - 4.581]
    RIND 1.071 [0.336 - 3.417]
BI at admission (for dependent)
    Assisted independence 3.321 [2.385 - 4.624]
    Independence with minimal assistance 4.638 [3.497 - 6.150]
Charlson comorbidity index (for zero)
    1 1.003 [0.759 - 1.325]
    2 1.083 [0.793 - 1.481]
    3 1.228 [0.782 - 1.930]
    4 or more 1.896 [1.034 - 3.476]
Cerebral vascular accident 1.238 [0.896 - 1.712]
Dementia 4.624 [0.242 - 88.343]
Atrial fibrillation or flutter 1.047 [0.711 - 1.544]
Procedure-related complication 2.308 [0.881 - 6.047]
Cognitive impairment after admission 1.355 [0.265 - 6.933]
Deep vein thrombosis 0.329 [0.033 - 3.250]
Procedure (reference; Medical) 1.294 [0.878 - 1.907]
Ventilation 1.146 [0.502 - 2.619]
Patient volume (reference; LVH)
    IVH 1.275 [0.967 - 1.679]
    HVH 1.357 [1.036 - 1.777]
Hospital (reference; Community)
    Academic 0.849 [0.632 - 1.141]
Fiscal year (for 2004)
    2005 1.396 [0.838 - 2.325]
    2006 1.101 [0.660 - 1.838]
    2007 1.289 [0.765 - 2.172]
    2008 1.168 [0.690 - 1.979]
LOS, one more day 1.010 [1.001 - 1.019]
Initiation of rehabilitaion, one day delayed 1.016 [1.002 - 1.031]
Rehabilitation, one more day 1.004 [0.991 - 1.016]
Cox & Snell R2, Nagelkerke R2 0.065, 0.191
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Although our study was limited to patients with alert con-
sciousness, we attempted to assess the reasons for variations 
in LOS for adequate adjustment of case mix as well as of all 
types of CVD. The results derived from this comprehensive 
study should provide valuable evidence to guide policy mak-
ing to monitor unnecessary LOS, especially in advanced age 
groups because BI improvement was proven to be smaller 
with advanced age (Table 2).

Our study used BI as a continuous variable, though the 
difference from 55 to 65 was not equivalent to that from 25 
to 35 because BI was originally an ordinal variable. There-
fore, logistic regression was employed to measure the as-
sociation of longer LOS with functional deterioration, which 
all models proved with the exception of insignificant results 
in intracranial hemorrhage and TIA. Delaying the initiation 
of rehabilitation, but not rehabilitation day, was likely to be 
associated with less BI improvement in Japanese acute care 
hospitals. The study hospitals might be more likely to focus 
their resources on critically ill patients in the earlier phases 
of hospitalization than on providing rehabilitation. Research-
ers should estimate the required LOS needed to recover from 
critical illness and consider the most appropriate time for ini-
tiating intensive rehabilitation in or out of acute care hospi-
tals because hospital characteristics were not found to deter-
mine BI improvement in this study. It would be important to 
develop appropriate episode-based, cost-effective care strat-
egies for initiating rehabilitation without any interruption of 
care. These community-based initiatives, when supported by 
electronic administrative databases of both acute and long-
term care, would contribute to the enhancement of social 
welfare when available in other case mixes, such as degen-
erative musculoskeletal disorders or traumatic neurological 
damage. In addition, they would address any concerns of 
cost-shifting between hospitals and rehabilitation facilities 
or home and whether the incremental healthcare costs might 
balance the incremental gain in quality [3, 9, 10].

We should mention several limitations of this study. 
First, data were collected from patients discharged from vol-
untarily participating hospitals over 4 consecutive months 
each year. This limits the generalizability of our results. 
However, the MHLW has gathered exhaustive data, and now 
plans to extend the data collection period to 12 months. Sec-
ond, this study lacked information regarding the severity of 
cognitive impairment and time of onset of CVD, factors as-
sociated with functional status that are often utilized in health 
service research [1, 3, 6, 9]. The Japanese Stroke Databank 
(JSD) has collected such clinically informative data, and we 
may be able to obtain more meaningful findings using the 
administrative database in combination with the JSD [19]. 
Third, the causality between longer LOS and disease sever-
ity remains unresolved. We limited the study population to 
patients with no changes in consciousness to distill off the 
miasma regarding the association or causality between lon-
ger LOS and functional deterioration, and instead included 

variables proxy of disease severity such as ventilation use or 
complications. Other factors not included in this study might 
be related to disease severity and may explain some of the 
variation in LOS, which would be clarified in randomized, 
controlled studies or by community-based studies, if that 
factor is identified in an administrative database.

Conclusions

We have shown that LOS in acute care hospitals was inde-
pendently associated with worsening functional status of 
CVD patients with alert consciousness at admission and at 
discharge. In addition, delaying rehabilitation and the day 
of rehabilitation was not conclusively associated with func-
tional recovery, and the former determined the functional de-
terioration. Hospital patient volume and teaching status were 
not associated with improvements in BI.

To implement effective stroke care, stakeholders, in-
cluding health service researchers and policy makers, should 
determine the appropriate LOS in acute CVD care and 
strengthen intensive and effective rehabilitation care either 
in or out of acute care settings.
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