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LAY ABSTRACT
This study aimed to identify predictors of admission to 
post-acute inpatient rehabilitation settings following 
acute care for stroke survivors in Taiwan. This was a 
prospective observation study. The sample comprised 
558 stroke survivors admitted to acute care who re-
ceived inpatient rehabilitation. The results indicate that 
a functional measure, the Activity Measure Post-Acute 
Care “6-Clicks” Basic Mobility score, was the only sig-
nificant predictor of admission to post-acute inpatient 
rehabilitation. Stroke survivors who scored lower than 
13 on this tool were more likely to be referred to inpa-
tient rehabilitation settings. Given the short lengths of 
stay in acute care, the Activity Measure Post-Acute Care 
”6-Clicks,” a fast and reliable measurement tool, can 
help clinicians to formulate adequate discharge plans at 
an early stage, and thus minimize inappropriate refer-
rals and improve quality of care.

Objective: To identify predictors of admission to 
post-acute inpatient rehabilitation settings follow-
ing acute care for stroke survivors in Taiwan.
Design: Prospective observation study.
Participants: Stroke survivors (n = 558) admitted to 
acute care wards for inpatient rehabilitation (62% 
male; mean age 60.0 ± 12.2 years).
Methods: The primary outcome was whether sur-
vivors were admitted to post-acute inpatient reha-
bilitation settings after discharge from acute care 
wards. Logistic regression model was adopted to 
examine the predictors of admission to post-acute 
inpatient rehabilitation. A receiver operating charac-
teristic curve was drawn to compute the ability of 
the predictors to discriminate the outcome.
Results: Multivariate analysis results indicated Acti-
vity Measure Post-Acute Care “6-Clicks” Basic Mobi-
lity score to be the only significant predictor of ad-
mission to post-acute inpatient rehabilitation (odds 
ratio = 0.44, 95% confidence interval: 0.34–0.56). 
Receiver operating characteristic curve analysis re-
sults indicated that the cut-off point for Basic Mobi-
lity was 13 (standardized score: 33.99). This yielded 
a sensitivity value of 0.98 and a specificity value of 
0.96 for determining the admission to post-acute in-
patient rehabilitation.
Conclusion: Activity Measure Post-Acute Care 
“6-Clicks” Basic Mobility subscale scores at admis-
sion for acute care can predict admission to post-
acute inpatient rehabilitation for stroke survivors in 
Taiwan. This tool can aid clinicians in formulating 
adequate discharge plans at an early stage, and thus 
improve the quality of care.

Key words: post-acute care; outcome assessment; quality of 
care; subacute care; rehabilitation; stroke.
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Stroke is a leading cause of death and a major cause 
of life-long disability (1). The World Health Orga-

nization (WHO) has reported that 15 million people a 
year experience a stroke, 5 million of whom are per-

manently disabled as a result (2). Those who survive 
strokes often experience substantial functional loss. 
Rehabilitation can aid in maximizing the functional in-
dependence of these survivors (3). Furthermore, timely 
inpatient rehabilitation services can effec tively reduce 
levels of mortality and disability (4, 5). However, the 
duration of acute care is often limited. The mean length 
of stay for patients with a stroke in acute care facilities 
in the USA is 5.3 days (6). By comparison, the mean 
length of stay in acute care is 5.9 days in the UK, 4.1 
days in Australia, and 16 days in Japan (7). In Taiwan, 
the mean length of stay in acute care for patients with 
stroke is 22 days (8), which means that clinicians have 
more time to make discharge plans. Nevertheless, the 
time pressure remains intense, and clinicians must 
make professional judgements to provide the required 
services as soon as patients are admitted to hospital. 
Ensuring timely formulation of adequate discharge 
plans in order to enable patients to transit to the next 
stage of care is a substantial challenge for acute care 
clinicians (9).

The care provided after discharge from acute care 
wards is referred to as post-acute care (PAC) and is in-
tended to enhance patients’ functions and support their 
transition from hospital to home (10). PAC rehabilitation 
is crucial for recovery of stroke survivors; however, 
services vary widely across countries. In the USA, PAC 
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rehabilitation facilities include inpatient rehabilitation 
facilities (IRFs), skilled nursing facilities, long-term care 
hospitals, and home health agencies (11). In Taiwan, 
PAC rehabilitation is implemented in inpatient settings 
only (12). Patients in Taiwan receiving acute inpatient 
rehabilitation who have the potential to improve (based 
on physiatrists’ judgements) and who agree to receive 
further inpatient rehabilitation are referred to local 
hospitals for PAC rehabilitation (12).

There is substantial evidence to support the ef-
fectiveness of implementing PAC in IRFs (10, 13). 
However, no consistent guidelines are available for 
determining whether a stroke patient in acute care 
should be referred for post-acute inpatient rehabilita-
tion (11, 13). Admission to IRFs depends on multiple 
factors, such as stroke severity, physical and cognitive 
functions, psychological status, medical comorbidities, 
social support, likelihood of returning to the commu-
nity, personal characteristics and preferences, as well 
as external systems, such as policy, sources of finance, 
and the funding of facilities (10, 11, 14). However, 
published evidence is mixed, and no consensus has 
been reached (11, 14). Without well-defined criteria, 
clinicians’ referral decisions can be subjective and 
diverge across settings (11).

This study aimed to identify clinical predictors of 
admission to post-acute inpatient rehabilitation ser-
vices after acute care for patients in Taiwan who have 
had a stroke. This will help to stimulate the develop-
ment of referral criteria for inpatient rehabilitation. 
The findings will enable clinicians to rapidly identify 
patients who require subsequent inpatient care, and 
thereby optimize the quality of care.

METHODS

Settings

This was a prospective observation study of a convenience sam-
ple of patients diagnosed as having stroke, who were admitted 
to acute care wards and referred to inpatient rehabilitation at 3 
clinical settings (an academic medical centre, a metropolitan 
hospital, and a local community hospital) in the greater Taipei 
area. These patients were referred by rehabilitation clinicians to 
the research staff between August 2016 and December 2017. 
Patients admitted to acute care wards in these hospitals typically 
remain in hospital for no more than 28 days. The cost of inpatient 
rehabilitation services provided by these hospitals was covered by 
National Health Insurance (NHI), a single-payer, universal pro-
gramme in which 99% of the Taiwanese population are enrolled.

Patients

Inclusion criteria were: patients aged ≥ 20 years; medically stable; 
a primary diagnosis of cerebrovascular diseases with The Inter-
national Statistical Classification of Diseases and Related Health 
Problems (ICD)-10 codes I60–I69; had undergone first admission 
to an acute care ward since their first stroke episode; and referred 

for acute inpatient rehabilitation (physical therapy, occupational 
therapy, or both). Patients who had unstable vital signs or who 
could not provide informed consent were excluded. The study 
protocols were reviewed and approved by the institutional review 
boards of the associated university and all recruitment sites.

Measures

Outcome variable. The outcome of interest was admission 
to hospitals for post-acute inpatient rehabilitation following 
discharge from acute care wards. Data were extracted from 
medical records documented by case managers. A dichotomized 
response (yes/no) was used for the analysis.

Independent variables. Trained research staff collected back-
ground information on patients and clinical measures within 3 
days of their admission to acute care. Clinical variables, such 
as diagnoses and comorbidities, were extracted from patients’ 
medical records. The National Institutes of Health Stroke Scale 
(NIHSS) (15) was used to evaluate stroke severity, whereas the 
Montreal Cognitive Assessment (MoCA) (16) was used to as-
sess patients’ global cognition. The Center for Epidemiologic 
Studies-Depression (CES-D) (17), a 20-item self-report mea-
sure, was used to evaluate the frequency of depressive symptoms 
over the previous week. CES-D scores range from 0 to 60, with 
higher scores indicating greater depressive symptoms. Other 
variables, such as social support and living situation, were 
measured using a demographic questionnaire.

The Mandarin version of the Activity Measure Post-Acute 
Care (AM-PAC) “6-Clicks” was used to measure patients’ 
functional status. Occupational and physical therapists, who had 
received full training in rating the AM-PAC “6-Clicks,” were 
asked to complete this measure as part of routine documentation 
during their initial visit with the patients at admission. The AM-
PAC “6-Clicks” is a validated tool designed to measure patients’ 
capacity for executing functional activities in acute care settings 
(18, 19). The measure comprises 3 subscales: Basic Mobility, 
Daily Activity, and Applied Cognition. Each subscale consists 
of 6 items, rated by occupational or physical therapists either 
through direct observation of a patient performing an activity 
or clinical judgement regarding that patient’s likely capability. 
A scale of 1 (unable to do) to 4 (no difficulty at all) was used 
to evaluate the amount of difficulty the patient exhibited in 
completing a task (18). The total score for each subscale ranged 
from 6 to 24, and all scores could be transformed into standard-
ized t-scores. A lower score indicates a lower level of function 
(18). The AM-PAC “6-Clicks” was translated into Mandarin, a 
version that has demonstrated strong reliability and validity in 
patients in acute care settings in Taiwan (20).

Data analysis

First, descriptive statistics were calculated. Bivariate analyses 
(Student t-test and χ2 analyses) were then used to explore associa-
tions between independent variables and the outcome variable. 
Variables significantly associated with the outcome variable 
(p < 0.05) were then entered into a logistic regression model. 
The goodness-of-fit for the logistic regression model was verified 
using Pregibon’s Link Test to check for model specification (21).

To further test the performance of the model, a receiver 
operating characteristic (ROC) curve was drawn to depict the 
true-positive and false-positive rates of predictions by plotting 
sensitivity and [1 − specificity] along the y and x axes (22). The 
area under the ROC (AUC) was used to compute the ability of 
the predictors to discriminate the outcome: an AUC of ≥ 0.9 in-
dicates highly discriminative, 0.7–0.9 moderately discriminative, 

www.medicaljournals.se/jrm
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0.5–0.7 poorly discriminative, and < 0.5 non-discriminative (22). 
For continuous variables, such as AM-PAC scores, Youden’s 
index (23) was used to determine the cut-off score to predict the 
outcome. An iterative numerical method was used to identify the 
Youden’s index and the corresponding cut-off point. The standard 
error of the cut-off point was estimated using a bootstrap method 
(500 bootstrap samples) (24). All analyses were conducted using 
SAS (version 9.4; SAS Institute, Cary, NC, USA).

RESULTS

Of the 636 stroke patients admitted to acute care wards 
for inpatient rehabilitation in the hospitals collaborat-
ing in this study, 587 met the eligibility criteria, 29 of 
whom withdrew from the study before the acute care 
admission assessment. Of the remaining 558 patients 
who completed the admission assessments, 58 had data 
missing on the discharge outcomes; therefore, a sample 
of 500 patients was used for analysis. The demographic 
characteristics of patients who completed the admis-
sion assessments and those with missing data on the 
discharge outcome are shown in Table I. No significant 
differences in characteristics were observed between 
the 2 samples. The mean length of hospital stay of the 
500 patients was 23.8 ± 9.2 days.

Of the patients discharged from acute care wards, 
296 (59.2%) were admitted to post-acute inpatient 

rehabilitation and 204 (40.8%) received no further 
inpatient rehabilitation treatment. Bivariate analysis 
results are shown in Table II. The side of the stroke, 
previous stroke, NIHSS score, aphasia, neglect, MoCA 

Table I. Patients’ characteristics

Characteristics
Baseline sample 
(n = 558)

Missing data on the 
discharge outcome
(n = 58) p-value

Sex, female, n (%) 212 (38) 22 (37.9) 0.10
Age, years, mean (SD) 59.95 (12.22) 59.79 (12.81) 0.61
Stroke type, infarction, n (%) 389 (69.7) 41 (70.6) 0.89
Stroke side, left, n (%) 277 (49.6) 24 (41.4) 0.36
Previous stroke, yes, n (%) 43 (7.7) 9 (15.5) 0.18
National Institutes of Health Stroke Scale, mean (SD) 11.72 (4.49) 12.21 (4.41) 0.52
Days from admission to first visit, mean (SD) 3.48 (2.43) 5.21 (3.50) 0.26
Number of comorbidities, mean (SD) 1.20 (1.08) 1.09 (1.00) 0.44
Education, n (%)
Below high-school 292 (52.3) 30 (51.7) 0.98
High-school graduate 173 (31.0) 17 (29.3)
College graduate or higher 93 (16.7) 11 (19.0)

Employment status prior to stroke, employed 286 (51.3) 35 (60.3) 0.79
Marital status, n (%)
Married/with a partner 426 (76.3) 48 (82.8) 0.26
Single/widowed/separated/divorced 132 (23.7) 10 (17.2)

Monthly household income (NTD), n (%)
< 30,000 45 (8.1) 2 (3.4) 0.54
30,000–49,999 147 (26.3) 8 (13.8)
50,000–79,999 254 (45.5) 32 (55.2)
≥ 80,000 112 (20.1) 16 (27.6)

Barthel Index (0–100), mean (SD) 36.78 (31.15) 33.19 (33.43) 0.88
Montreal Cognitive Assessment (0–30), mean (SD) 12.55 (9.31) 12.43 (9.77) 0.70
Center for Epidemiological Studies-Depression, mean (SD) 4.76 (4.91) 4.58 (4.41) 0.90
AM-PAC ”6-Clicks” standardized score, mean (SD)
Basic Mobility admission score (16.59–57.68) 31.67 (12.11) 32.84 (13.00) 0.39
Daily Activity admission score (17.07–57.54) 30.57 (11.40) 31.63 (11.97) 0.29
Applied Cognition admission score (7.69–62.21) 30.44 (16.91) 31.09 (17.56) 0.91

Discharge destination (N=500), n (%)
Post-acute inpatient rehabilitation settings 296 (59.2) NA NA
Home 204 (40.8) NA NA

NTD: New Taiwan dollar; AM-PAC: Activity Measure Post-Acute Care. Note: Mean exchange rate in 2017 US$1.00 ≈ NT$30.44.

Table II. Results of bivariate analysis 

Variable

Admission to inpatient 
care t-test

t-value p-value

National Health Institutes Stroke Scale −15.4 < 0.0001
Montreal Cognitive Assessment Test 12.48 < 0.0001
Center for Epidemiological Studies-Depression 0.07 0.94
AM-PAC Basic Mobility admission score 30 < 0.0001
AM-PAC Daily Activity admission score 24.04 < 0.0001
AM-PAC Applied Cognition admission score 11.97 < 0.0001

χ2 p-value

Age (<65, ≥65 years) 2.27 0.13
Sex 0.44 0.51
Stroke type 1.16 0.28
Stroke side 34.4 < 0.0001
Previous stroke 4.5 0.03
Marital status 2.06 0.15
Education 5.54 0.06
Employment status prior to stroke 1.91 0.17
Monthly household income 5.41 0.14
Aphasia 87.85 < 0.0001
Neglect 39.63 < 0.0001
Number of comorbidities 0.25 0.61

AM-PAC: Activity Measure Post-Acute Care.

J Rehabil Med 52, 2020
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score, and AM-PAC admission scores were signifi-
cantly correlated with outcome (p < 0.05).

The logistic regression analysis results are shown 
in Table III. Among the significant variables in the 
bivariate analyses, the admission score on AM-PAC 
Basic Mobility was the only significant predictor of 
post-acute inpatient rehabilitation (odds ratio = 0.44, 
95% confidence interval (95% CI): 0.34–0.56). This 
variable explained 44.24% of the variance in post-acute 
inpatient rehabilitation.

The ROC curve of baseline AM-PAC Basic Mobility 
score in predicting post-acute inpatient rehabilitation is 
shown in Fig. 1. The AUC for the AM-PAC Basic Mo-
bility was 0.99 (95% CI 0.98–1) and is therefore highly 
discriminative; its cut-off point was 13 (standardized 
score 33.99), yielding a sensitivity value of 0.98 and a 
specificity value of 0.96 in determining the outcome.

DISCUSSION

The effectiveness of inpatient rehabilitation for stroke 
patients at the post-acute stage has been demonstrated 
in numerous studies (13, 25, 26). However, in practice, 
inpatient rehabilitation needs were often underesti-
mated (27). Early identification of patients requiring 
inpatient rehabilitation is imperative. In this study, the 
AM-PAC “6-Clicks” Basic Mobility admission score 
in acute care was the dominant predictor of subsequent 
inpatient rehabilitation for patients with stroke in Tai-
wan. This finding is in line with studies conducted in 
the USA in which physical function has been found 
to be a strong predictor of discharge destination for 
acute patients (28, 29). Other factors, such as age, 
cognition, and social support, which have sometimes 
been identified as predictors of the need for inpatient 
rehabilitation care, did not exhibit a significant as-
sociation with admission to inpatient rehabilitation in 
the current prediction model (10, 14). This is possibly 
because mobility is a key predictor of stroke recovery 
and a critical indicator of independence (30, 31). By 
using data on mobility functions at admission, clinici-
ans can infer whether a referral to PAC is needed and 
prepare the patients for further inpatient rehabilitation. 
This result does not imply that other variables are 
unimportant in the referral of PAC rehabilitation. On 
the contrary, variables such as cognitive impairments 
and psychosocial conditions are often overlooked in 
rehabilitation, given that they are less obvious than 
physical functions (32). Clinicians must therefore mon-
itor patients’ integral need for further support during 
the AC and PAC rehabilitation process. 

Although most related studies have used conventio-
nal functional measures, such as the Barthel Index (33) 
and Functional Independence Measure (34), to assess 
patients’ physical function, the AM-PAC “6-Clicks” 
was adopted because it is a straightforward and sophis-
ticated assessment that measures different functional 
domains. It also has competitive advantages in that it 
can be completed quickly by clinical staff and can be 
used throughout different stages of stroke care (acute 
care, inpatient rehabilitation, and outpatient care) (9). 
The findings of the current study supported the use of 
the AM-PAC “6-Clicks” in predicting stroke patients’ 
post-acute outcome, and suggested that patients with 
more mobility limitations were more likely to be admit-
ted to inpatient rehabilitation settings after hospitaliza-
tion for acute care.

To explicate the ability of the AM-PAC “6-Clicks” 
Basic Mobility subscale to predict inpatient rehabili-
tation vs a non-inpatient rehabilitation outcome, we 
conducted an ROC analysis, which indicated that the 
Basic Mobility score had strong discriminative ability. 

Table III. Multivariate and logistic regression results

Variables

Admission to inpatient care

OR 95% CI

National Health Institutes Stroke Scale 1.08 (0.88–1.32)
Montreal Cognitive Assessment Test 1.04 (0.95–1.14)
AM-PAC Basic Mobility admission score 0.44* (0.34–0.56)
AM-PAC Daily Activity admission score 1 (0.85–1.19)
AM-PAC Applied Cognition admission score 0.96 (0.90–1.02)
Stroke side 1.28 (0.17–9.85)
Aphasia 1.52 (0.13–17.51)
Neglect 1.83 (0.30–11.33)

*Statistically significant (p< 0.05 or 95% CI does not include 1).
Link test (specification error test): predictor: p = 0.0005; predictor2:  p = 0.23.
95% CI: 95% confidence interval; OR: odds ratio; Std: standardized. AM-PAC: 
Activity Measure Post-Acute Care.

Fig. 1. Receiver operating characteristic (ROC) curve of the baseline 
Activity Measure Post-Acute Care (AM-PAC) Basic Mobility score in 
predicting inpatient rehabilitation.

www.medicaljournals.se/jrm
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the greater Taipei area, where medical resources and 
hospitals are in greater abundance than elsewhere in 
Taiwan. The mean age of patients in the study sample 
was approximately 60 years, slightly less than the 
mean age of post-acute stroke patients in Taiwan (63 
years) (12). This may be because the population in 
urban areas is generally younger. Consequently, our 
results might not be generalizable to all stroke survi-
vors in the country. Additional studies conducted in 
different areas are required to validate the findings. 
Secondly, although it was possible to account for most 
of the potential outcome predictors suggested in the 
literature, some variables were not considered. For 
instance, there was no data on pre-stroke mobility and 
urinary continence, which may be potential predictors 
of admission to PAC inpatient rehabilitation (10, 39). 
Non-clinical factors, such as patients’ preferences and 
service availability, may also have affected patients’ 
decisions (29, 39). Future studies could therefore ex-
pand the findings by including additional variables in 
their analyses. Despite these limitations, the strengths 
of this study include its prospective design, the large 
sample size, the involvement of multiple centres, and 
the adoption of validated measures to collect predictive 
and outcome variables.

Conclusion
AM-PAC “6-Clicks” Basic Mobility score at admis-
sion to acute care rehabilitation was found to predict 
the admission of patients with a stroke to post-acute 
inpatient rehabilitation in Taiwan. A cut-off score of 
13 (standardized score = 33.99) for Basic Mobility at 
admission provides high accuracy in predicting admis-
sion to inpatient rehabilitation. Given the short lengths 
of stay in acute care, the AM-PAC “6-Clicks,” a fast 
and reliable measurement tool, can help clinicians 
formulate adequate discharge plans at an early stage, 
and thus minimize inappropriate referrals and improve 
the quality of care. The findings of this study can also 
contribute to the development of international stroke 
rehabilitation guidelines.
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According to the ROC curve analysis, patients who 
scored < 33.99 on Basic Mobility at admission to acute 
care were more likely to receive post-acute inpatient 
rehabilitation than those who scored ≥ 33.99. This 
cut-off score is somewhat different from that reported 
in the USA, where the cut-off scores on the AM-PAC 
“6-Clicks” Basic Mobility that predicted discharge 
destination (home vs institutional settings) were 44.16 
and 42.9, respectively (9, 35). The differences might 
be attributable to the large number of differences in 
acute care and PAC services between Taiwan and the 
USA. As reported earlier, PAC rehabilitation services 
in Taiwan are implemented only in inpatient settings 
and are completely covered by the NHI, whereas 
PAC rehabilitation services in the USA are extremely 
heterogeneous in terms of availability, type of care set-
tings, intensity, duration, and insurance coverage (10). 
The mean length of acute care in Taiwan is also much 
longer than that in the USA, which can have a sub-
stantial impact on discharge outcomes. For example, 
patients discharged from acute care in the USA are pos-
sibly at a more unstable stage compared with patients 
discharged from acute care in Taiwan, and discharge 
planning may be influenced by a greater number of 
factors. Given these external influences, identifying the 
admission criteria for PAC rehabilitation within each 
unique context is critical. The findings identified in this 
study may provide a valuable reference for countries 
aiming to establish similar PAC systems.

A global review of inpatient rehabilitation for patients 
who have had a stroke reported a lack of available 
evidence upon which to establish guidelines for the 
admission of patients to inpatient rehabilitation services 
after the initial acute hospital stay, even in developed 
countries (36). Moreover, the guidelines developed in 
one country may be more applicable to the local health-
care system; generalizing such guidelines to countries 
with different systems may thus be difficult (37, 38). 
Developing guidelines within a regional system to 
address context-specific issues is therefore required 
(36). The current study responded to this global need by 
providing evidence to support the use of a standardized 
measurement tool to predict admission to PAC inpa-
tient rehabilitation for patients with a stroke in Taiwan. 
Based on the assessment results at admission to acute 
care, clinicians can rapidly determine whether further 
inpatient rehabilitation might be required and make 
pre-arrangements, thus minimizing the cost and com-
plications associated with unnecessary hospital stays.

Study limitations
This study has several limitations that must be addres-
sed. First, a convenience sample was recruited from 
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