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Abstract: During acute stroke care, rehabilitation usage may be

influenced by patient- and hospital-related factors. We would like to

identify patient- and hospital-level determinants of population-level

inpatient rehabilitation usage associated with acute stroke care.

From data obtained from the claim information from the National

Health Insurance Administration (NHIA) in Taiwan (2009–2011), we

enrolled 82,886 stroke patients with intracerebral hemorrhage and

cerebral infarction from 207 hospitals. A generalized linear mixed

model (GLMM) analyses with patient-level factors specified as random

effects were conducted (for cross-level interactions).

The rate of rehabilitation usage was 51% during acute stroke care.

The hospital-related factors accounted for a significant amount of

variability (intraclass correlation, 50%). Hospital type was the only

significant hospital-level variable and can explain the large amount of

variability (58%). Patients treated in smaller hospitals experienced few

benefits of rehabilitation services, and those with surgery in a smaller

hospital used fewer rehabilitation services. All patient-level variables

were significant.

With GLMM analyses, we identified the hospital type and its cross-

level interaction, and explained a large portion of variability in reha-

bilitation for stroke patients in Taiwan.

(Medicine 95(19):e3620)

Abbreviations: AIC = Akaike Information Criterion, CI = cerebral

infarction, ECM = Elixhauser Comorbidity Measures, GLMM =

generalized linear mixed model, HHI = Herfindahl–Hirschman
o-Hua Kuang, MS, and Vinchi Wang, MD, PhD
INTRODUCTION

I t is well known that timely, multidisciplinary inpatient reha-
bilitation offers better outcomes for stroke patients.1 The

factors related to the utilization of inpatient rehabilitation have
been explored through many patient-level factors (e.g., age,
race, socioeconomic status, comorbidity).2–4 However, rehabi-
litation is also determined by system-level factors (e.g., geo-
graphic region, institutional facilities).5–7 Hence, the utilization
of rehabilitation data is inherently hierarchical in that patients
are nested within hospitals. The multilevel data structure should
be analyzed to account for hospital clustering because patients
who convalesce in a hospital do not represent independent
observers.8 The failure to account for the multilevel nature
of the data has been attributed to an inflated number of errors
when identifying hospital-level determinants of care.9 On ana-
lyzing the patients’ access to rehabilitation after stroke we may
expect the exploration of hospital-level factors as one important
factor. On the other hand, the percentage of stroke patients who
receive rehabilitation care in hospitals may vary, not only due to
the patients’ individual needs for rehabilitation services but also
due to differences of the rehabilitation services among the
hospitals. The decision to provide rehabilitation services and
the relevant care to patients is complicated and also may result
from the interaction of specific characteristics of the stroke
patient (e.g., comorbidity or severity) and the specific charac-
teristics of the hospital.

Multilevel modeling, an analytic technique designed to
examine the nested data structures, has been used to quantify the
variability in utilization at more than one aggregate level after
adjusting case-mix differences. A level contributing only a
small proportion to the total variance has little influence on
utilization or quality, and little potential for improvement
directed at that level.10 This modeling technique can offers
the ability to identify sources of variation between patient- and
hospital-levels, the interaction between variables at different
levels, and more precise estimates of hospital-specific effects,
especially for a smaller volume hospital.11

The variation in rehabilitation usage among inpatients is still
elusive, and we would like to identify patient- and hospital-level
variables associated with the rehabilitation usage, in order to have
some recommendations for improvement of rehabilitation ser-
vices. Three issues caught our interest: the extent of the variation
in the utilization of rehabilitation attributable to hospital-level
factors; the patient- and hospital-level factors associated with the
rehabilitation usage; and the possible cross-level interactions
between the patient- and hospital-level factors.

METHODS
this study was drawn from the National
ministration (NHIA) database, which
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contains information collected from regular NHIA claim data,
2008 to 2012. The NHIA created a random identification
number for each insured individual’s reimbursement claim data
before releasing them for research purposes. This study has got
the approval from the Institutional Review Board, Fu Jen
Catholic University (IRB number C102012).

Characteristics of the Study Subjects
Subjects of the first admission with a principal discharge

diagnosis of an acute stroke (ICD-9-CM 430–436) during the
hospital stays between January 2009 and December 2011 were
enrolled. Those with late effects from a stroke encoded (ICD-
438) before their index strokes were excluded. Patients who
transferred and readmitted to other hospitals within 5 days of the
prior discharge were excluded.12 The hospitals were defined to
those with more than 30 stroke inpatients annually. Finally,
patients who died during the study period were also excluded.

To identify the study subjects who required in-hospital
rehabilitation services during the first year after stroke, we
applied the selection rules from National Quality Forum
(NQF)13 and Physician Quality Reporting System (PQRS)14

to identify the patients aged from 18 to 80 years with a diagnosis
of cerebral infarction (CI) or intracranial hemorrhage (ICH)
among the patients listed above (ICD-9-CM: 431, 433.01,
433.11, 433.21, 433.31, 433.81, 433.91, 434.01, 434.11,
434.91), and then divided the patient groups as ICH (431)
and CI (433–434). We exclude patients with a length of stay
of more than 120 days or patients admitted for elective carotid
intervention. In this analysis we also excluded the diseases with
possible confusion of the diagnosis of acute stroke, such as the
head trauma or severe injuries, major surgical operations,
myocardial or aortic disorders, infection, space-occupying brain
lesions and conditions with bleeding events or tendency (see
Appendix, Tables 1 and 2, http://links.lww.com/MD/A962).

Key Variables of Interest
The use of rehabilitation services was identified through

reimbursement claims for physical and occupational therapies.
Factors associated with the use and extent of rehabilitation
services consisted of hospital- or patient-related factors. Patient
factors included age, gender, income (premium as a proxy), stroke
type, stroke severity, Elixhauser Comorbidity Measures
(ECM),15 and neurologist’s care participation. The ECM (30
dichotomous variables) had statistical superiority to the Charlson
index for comorbidity.16 To prevent the ECM from jeopardizing
the regression models due to data overfitting or a lack of
convergence and to easily model cross-level interactions between
hospital-level variables and comorbidity, we used a single statistic
to describe the ECM.17 The following 4 proxy indicators that
represent stroke severity were constructed based on secondary
diagnoses: surgical operations or surgical procedures reimbursed
by the NHI program other than those listed in the Appendix Table
2, http://links.lww.com/MD/A962; use of mechanical ventilation;
hemiplegia or hemiparesis; and residual neurologic deficits.4

Hospital characteristics included the hospital type, teach-
ing facility status, ownership, volume (the number of services
used) and Herfindahl–Hirschman Index (HHI). The HHI was
originally used to measure hospital competition. We calculated
the HHI for the 17 medical networks identified by the Ministry
of Health and Welfare Taiwan.

Chen et al
Statistical Analysis
The relationships between patient- and hospital-level vari-

ables were examined with a generalized linear mixed model
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(GLMM) using Proc Glimmix in SAS version 9.4 (Statistical
Analysis Systems, Inc., Cary, NC) with the Laplace estimation.
The fixed effects were tested with a Wald t test, and we tested
the variance estimates of random effects using a log likelihood
ratio (LLR) test (compared with the zero covariance). The
rehabilitation usage was fitted to the Bernoulli distribution
(binary data). The comparison models of goodness of fit
(GOF) included the Akaike Information Criterion (AIC),
pseudo R-squared, and proportional change in variance
(PCV) between a simple model and a model with more
adjustment variables, which was found using the following
formula:

PCV ¼
tsimple � tcomplex

tsimple

� �
� 100

where t is the variance of hospital random intercept.18

Hospitals were tested for random effects in 4 steps. First,
an unconditional means model was used to determine the
significance of the one random-effect term (hospital). The
unconditional means model also provided an estimate of the
intraclass correlation coefficient (ICC), which describes the
portion of the total variance that is attributable to clustering
within the hospital. The ICC calculation for the multilevel
model suggested by Snijders and Bosker assumes that s2 is
fixed at ðp2=3Þ,8 and that the mean equals zero. Second, patient-
level variables were added as fixed effects using backward
elimination, and nonsignificant variables were removed sequen-
tially until only significant (P< 0.05) variables remained.
Third, hospital-level variables were added, and we used the
same backward elimination. Finally, we incrementally tested all
patient-level variables with random effects using an LLR test.
To confirm that the final GLMM model was appropriate,
we checked the residuals whether approximately normally
distributed.

We used a generalized additive model (GAM) to investi-
gate the variable age associated with the use of rehabilitation.
Computationally, the vector-generalized linear and additive
models (VGAM) function (with the default values of smoothing
parameters) of the VGAM package was used to fit GAMs for
continuous, binary, and count responses in R.19 We also sub-
jected the final model to the following sensitivity analysis,
which fitted a dispersion parameter to the GLMM model; it
is generally recommended that such a dispersion parameter
be fitted to a GLMM, partly to allow for the random effect
shrinkage that occurs when some hospitals have no rehabilita-
tion usage.20

RESULTS
We finally enrolled 82,886 patients from 207 hospitals

(Figure 1) into this study. To explore the nonlinear association
of age and rehabilitation usage and to check for an appropriate
cut-off point, we fitted GAMs (Figure 2). The results revealed a
slightly nonlinear-shaped association, with increased rehabili-
tation usage among those aged 63 years or older. Hence, we got
the cut-off point of age at 63 years.

In Table 1, among the 82,886 stroke patients (14% ICH and
86% CI), the overall utilization of inpatient rehabilitation
services was 52%. Among the rehabilitation cases (43,298),
95% patients had physical therapy, 68% occupational therapy,
and 64% both therapies. Table 1 also presents the patients’

Medicine � Volume 95, Number 19, May 2016
demographic characteristics and their correlation with rehabi-
litation utilization. Among the rehabilitation cases, 60% aged
63 years and older, 62% were male, 5% had an income of
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174,986 (Stroke) from 2009 to 2011
(ICD Code: ”430~436”)

Case selection:
Exclusion (n=27,328): transferring patients (n = 12,160) 
or hospital volume less than 30 (n = 2,037) or stroke late 
effects (n = 435) or missing any information (n= 615) or 
death (n=12,081) 

Total: 147,658

Not eligible for rehabilitation (n=30,417)
Except for these ICD Codes: 431, 433.01, 433.11, 433.21, 
433.31, 433.81, 433.91, 434.01, 434.11, 434.91

Total: 117,241

Total exclusions (n=34,355)
Exclusion: age < 18 years, length of stay > 120 days, 
underwent selective operation, and other exclusion 
criteria (Please see the Appendix 1) 

Final: 82,886

Medicine � Volume 95, Number 19, May 2016
NT$43,900 (around US$1334), and 71% ever cared by
neurologists.

In Table 1, the ECM points assigned to each comorbidity
item ranged from –9 (paralysis) to þ5 (hypertension). The
actual ECM scores in our population varied, with a median
score –1 (IQR –2 to 0). In addition, the following items may
represent the severity of stroke among those with rehabilitation,
and included: surgery (77%), mechanical ventilation (5%)
secondary hemiplegia or hemiparesis (22%), and residual
neurologic deficits (5%). Rehabilitation usage was more often
among patients treated in larger teaching hospitals (97% users in
tertiary and regional hospitals), and less often used in public

FIGURE 1. Flow chart of subject selection.
hospitals (24%).
In Table 2, the ICC from a 2-level unconditional means

model (with only the hospital as a random effect) was 0.63

FIGURE 2. GAM plot for the model of rehabilitation usage versus ag

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
(5.57/8.86). These data indicate that hospitals largely varied,
even after accounting for hospital random effects. Using the
patient-level variables as the predictors (Model 2), we found
that items with positive effects included age older than 63 years
(OR¼ 1.17, P< 0.001), ICH (OR¼ 1.14, P< 0.001), secular
trend (OR¼ 1.08, P< 0.001), prior surgeries (OR¼ 3.82,
P< 0.001), and hemiplegia or hemiparesis (OR¼ 2.31
P< 0.001). On the contrary, negative factors were male gender
(OR¼ 0.96, P< 0.05), higher income (OR¼ 0.75, P< 0.001),
higher ECM scores (OR¼ 0.95, P< 0.001), use of mechanical
ventilation (OR¼ 0.89, P< 0.01), and neurologist’s care
participation (OR¼ 0.77, P< 0.001).

The results of Model 3 are also shown in Table 2. After
adding the hospital variables to the model, the small hospitals
were less likely to utilize rehabilitation (e.g., the OR for the
district hospital¼ 0.12, P< 0.001). Teaching hospitals and less
competitive markets (large HHI value) were associated with
rehabilitation usage (OR for teaching hospitals¼ 1.61, P< 0.05
and OR for HHI¼ 1.00, P< 0.01). Only one of the interaction
terms (prior surgery� district hospital) was significant
(OR¼ 0.82, P< 0.05), which indicates that the patients who
had undergone surgery in a smaller hospital were significantly
less likely to use rehabilitation services.

Model 3 showed that only the random effect for the
hospital intercept (2.97, P< 0.001) had statistically significant
random effect compared with Model 2. The large PCV%
(57.20%) and smaller ICC (67.86% reduced to 47.47%) in
Model 3 indicate that after accounting for both patient and
hospital characteristics, there was a large amount of variability
in rehabilitation usage that can be explained by these hospital
variables. Compared with the patient-level model, the variance
associated with patient rehabilitation usage was reduced by
almost 60% in the final model (PCV¼ 57.20%) due to the
addition of the hospital type variables. The lowest AIC value
was present in the final model (Model 3), which indicates that
the final model offered superior GOF and predictive power.
Model 3 has similar ICC% and PCV% values compared with

Rehabilitation Utility in Acute Stroke Care
Model 2 but offers a better fit. After fitting a dispersion
parameter for the sensitivity analyses, we obtained the dis-
persion parameter 0.95 (data not shown) (approximately 1.00)

e.
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TABLE 1. Description and Rehabilitation Usage of Subjects With Ischemic Stroke or Intracranial Hemorrhage (n¼82,886)

Rehabilitation Usage

P PointsYes (%) No (%)

Patient-level factors
All 43,298 (100) 39,588 (100)

Physical therapy 40,945 (95)
Occupational therapy 29,462 (68)
Combined therapy 27,921 (64)

Age, y, no. (SD) 65 (11) 64 (11) <0.0001
<63 17,147 (40) 16,530 (42) <0.0001
63þ 26,151 (60) 23,058 (58)

Gender
Female 16,404 (38) 14,469 (37) <0.0001
Male 26,894 (62) 25,119 (63)

Income (US$)
Low 41,067 (95) 37,083 (94) <0.0001
High

�
2231 (5) 2505 (6)

Stroke type
ICH 6608 (15) 5076 (13) <0.0001
CI 36,690 (85) 34,512 (87)

Neurologist’s care participation
No 12,693 (29) 10,408 (26) <0.0001
Yes 30,605 (71) 29,180 (74)

Congestive heart failure 0
No 39,349 (91) 35,897 (91) 0.3128
Yes 3949 (9) 3691 (9)

Cardiac arrhythmias �2
No 36,988 (85) 34,310 (87) <0.0001
Yes 6310 (15) 5278 (13)

Valvular disease 0
No 40,738 (94) 37,242 (94) 0.9343
Yes 2560 (6) 2346 (6)

Pulmonary circulation disorders 0
No 43,129 (100) 39,445 (100) 0.4944
Yes 169 (0) 143 (0)

Peripheral vascular disorders 0
No 41,816 (97) 38,168 (96) 0.1990
Yes 1482 (3) 1420 (4)

Hypertension 4
No 42,823 (99) 39,007 (99) <0.0001
Yes 475 (1) 581 (1)

Paralysis �9
No 32,645 (75) 34,201 (86) <0.0001
Yes 10,653 (25) 5387 (14)

Neurodegenerative disorders 0
No 39,093 (90) 35,876 (91) 0.1010
Yes 4205 (10) 3712 (9)

Chronic pulmonary disease 2
No 38,225 (88) 34,397 (87) <0.0001
Yes 5073 (12) 5191 (13)

Diabetes, uncomplicated �2
No 24,992 (58) 24,264 (61) <0.0001
Yes 18,306 (42) 15,324 (39)

Diabetes, complicated 1
No 36,700 (85) 33,541 (85) 0.8847
Yes 6598 (15) 6047 (15)

Hypothyroidism 0
No 42,901 (99) 39,174 (99) 0.0597
Yes 397 (1) 414 (1)

Chen et al Medicine � Volume 95, Number 19, May 2016
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Rehabilitation Usage

P PointsYes (%) No (%)

Renal failure 0
No 40,635 (94) 37,003 (93) 0.0251
Yes 2663 (6) 2585 (7)

Liver disease 2
No 40,302 (93) 36,284 (92) <0.0001
Yes 2996 (7) 3304 (8)

Peptic ulcer disease, no bleeding 1
No 38,975 (90) 35,174 (89) <0.0001
Yes 4323 (10) 4414 (11)

AIDS/HIV 0
No 43,285 (100) 39,575 (100) 0.8193
Yes 13 (0) 13 (0)

Lymphoma 0
No 43,229 (100) 39,528 (100) 0.7760
Yes 69 (0) 60 (0)

Metastatic cancer 0
No 42,946 (99) 39,259 (99) 0.7732
Yes 352 (1) 329 (1)

Solid tumor without metastasis 0
No 41,171 (95) 37,584 (95) 0.3226
Yes 2127 (5) 2004 (5)

Rheumatoid arthritis/collagen vascular diseases 0
No 42,034 (97) 38,313 (97) 0.0119
Yes 1264 (3) 1275 (3)

Coagulopathy 0
No 42,976 (99) 39,313 (99) 0.4044
Yes 322 (1) 275 (1)

Obesity 0
No 43,139 (100) 39,460 (100) 0.2826
Yes 159 (0) 128 (0)

Weight loss 3
No 43,108 (100) 39,351 (99) 0.0013
Yes 190 (0) 237 (1)

Fluid and electrolyte disorders 0
No 40,186 (93) 36,497 (92) 0.0007
Yes 3112 (7) 3091 (8)

Blood loss anemia 0
No 43,074 (99) 39,360 (99) 0.2526
Yes 224 (1) 228 (1)

Deficiency anemia 0
No 42,738 (99) 39,045 (99) 0.3260
Yes 560 (1) 543 (1)

Alcohol abuse 0
No 42,662 (99) 38,985 (98) 0.5199
Yes 636 (1) 603 (2)

Drug abuse 0
No 43,241 (100) 39,514 (100) 0.0454
Yes 57 (0) 74 (0)

Psychosis 0
No 42,779 (99) 39,073 (99) 0.1853
Yes 519 (1) 515 (1)

Depression �1
No 41,217 (95) 37,824 (96) 0.0166
Yes 2081 (5) 1764 (4) �1

Prior surgeries
No 9981 (23) 14,834 (37) <0.0001
Yes 33,317 (77) 24,754 (63)

Use of mechanical ventilation
No 41,071 (95) 38,074 (96) <0.0001
Yes 2227 (5) 1514 (4)

Medicine � Volume 95, Number 19, May 2016 Rehabilitation Utility in Acute Stroke Care
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Rehabilitation Usage

P PointsYes (%) No (%)

Hemiplegia or hemiparesis
No 33,567 (78) 35,051 (89) <0.0001
Yes 9731 (22) 4537 (11)

Residual neurological deficits
No 41,208 (95) 38,131 (96) <0.0001
Yes 2090 (5) 1457 (4)

Hospital-level factors
Hospital type

Tertiary 18,050 (42) 11,567 (29) <0.0001
Regional 23,715 (55) 20,238 (51)
District 1533 (3) 7783 (20)

Hospital ownership
Private 33,053 (76) 28,100 (71) <0.0001
Public 10,245 (24) 11,488 (29)

Hospital teaching status
Nonteaching 1117 (3) 5411 (14) <0.0001
Teaching 42,181 (97) 34,177 (86)

rd d
m in

Chen et al Medicine � Volume 95, Number 19, May 2016
and found that the fixed effects fitting a dispersion parameter is

CI¼ cerebral infarction, ICH¼ intracranial hemorrhage, SD¼ standa�
High income, income�US$1334 per month (the insurance premiu
similar to the results we see in Model 3 of Table 2. This result
indicates that our conclusions were robust when alternative
statistical approaches were used.

TABLE 2. Final GLMM of Rehabilitation Usage Showing Fixed-Eff

Model 1

Fixed-effect patient-level variables
Age� 63 (y) (g10)
Male (g20)
ICH (Ref: CI) (g30)
High income (g40)
Elixhauser scores (g50)
Trend (g60)
Prior surgeries (g70)

Use of mechanical ventilation (g80)
Hemiplegia or hemiparesis (g90)
Neurologist care participation (g100)

Fixed-effect hospital-level variables
Regional hospital (Ref: tertiary hospital) (g01)
District hospital (g02)
Teaching hospital (g03)

HHI (g04)
Prior surgeries� district hospital (g71)

Random-effect variables
Hospital, var (m0j, t00) 5.57

ICC (%) 62.89
AIC& 102,736
PCV (%)
-2LLO 102,732

-2LLO¼ -2 log likelihood, AIC&¼Akaike Information Criterion, C
HHI¼Herfindahl–Hirschman Index, ICC¼ intraclass correlation coeffic
model, Model 2¼model with patient factors, Model 3¼model with pat
change in variance.�

p<0.05;��
P<0.01;���
P<0.001.
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DISCUSSION

eviation.
NHIA as a proxy).
Using large, recent longitudinal claims data from the entire
stroke-afflicted population in Taiwan, this study presents popu-
lation-level evidence corresponding to the use of inpatient

ect Hospital-Level, Patient-Level, and Cross-Level Interactions

Model 2 OR (95%CI) Model 3 OR (95%CI)

1.17 (1.14, 1.21)
���

1.17 (1.14, 1.21)
���

0.96 (0.93, 0.99)
�

0.96 (0.93, 0.99)
�

1.14 (1.09, 1.20)
���

1.15 (1.10, 1.21)
���

0.75 (0.70, 0.81)
���

0.74 (0.69, 0.79)
���

0.95 (0.94, 0.96)
���

0.95 (0.94, 0.96)
���

1.08 (1.06, 1.11)
���

1.08 (1.06, 1.11)
���

3.82 (3.65, 4.00)
���

3.77 (3.59, 3.95)
���

0.89 (0.82, 0.96)
��

0.88 (0.82, 0.95)
��

2.31 (2.12, 2.52)
���

2.27 (2.08, 2.47)
���

0.77 (0.74, 0.81)
���

0.77 (0.74, 0.81)
���

0.33 (0.14, 0.75)
��

0.12 (0.05, 0.28)
���

1.61 (1.19, 2.18)
�

1.00 (1.00, 1.00)
��

0.82 (0.69, 0.97)
�

6.94 2.97
���

67.86 47.47
94,910 94,849

57.20
94,886 94,817

I¼ confidence interval, GLMM¼ generalized linear mixed model,
ient, ICH¼ intracranial hemorrhage, Model 1¼ unconditional/empty
ient, hospital factors and cross-level interaction, PCV¼ proportional

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



stroke rehabilitation services. In the GLMM model, we found
that rehabilitation usage varied substantially across hospitals
and that only a small amount of this variation remained sig-
nificant after patient-, hospital-, and cross-level interaction
variables were identified.

Hospital type was the only hospital-level variable that was
significantly associated with rehabilitation usage. This variable
can explain approximately 60% of variability in rehabilitation
usage. A study by Reistetter et al21 stated 6% to 8.5% of
variability attributable to the hospital, and Lee et al4 found
almost insignificance for the hospital-related variables. The
discordance may result from the differences in healthcare
systems and study methods (e.g., GLMM model) or the sample
size. Compared with other countries, Taiwan provides few
provisions for rehabilitation services in terms of staff and
rehabilitation care facilities,4 and the small hospitals could
not recruit sufficient rehabilitation staff and equipment for
rehabilitation care. Low payment fee may be another excuse.
These factors may explain why 60% of the variability in
rehabilitation usage is attributable to the hospital type.

For patient-level variables, older people and low-income
patients had more association of rehabilitation usage. In McKe-
vitt’s report,22 older people had been stated to have more physical
and occupational therapies, although no relationship between
socioeconomic status and the rehabilitation usage. However, our
result showed that low-income patients used more rehabilitation
service. For comorbidity and severity associated with rehabilita-
tion usage, our patients with more comorbidity less experienced
rehabilitation services but patients with more severe conditions
(i.e., prior surgery and hemiplegia/hemiparesis) were prone to use
more rehabilitation services. One study ever showed that the
patients with more comorbid conditions (Charlson scores) were
not associated with rehabilitation usage.4 Another study showed
that older stroke patients with more comorbid conditions (total
number of comorbidities) were associated with less rehabilitation
usage.23 Our study proved that a majority of stroke patients with a
single higher ECM score undertakes less rehabilitation usage. We
think our study here is clear and powerful, because the ECM score
has been found to be statistically superior to the Charlson index in
adjusting for comorbidity.16 In terms of severity, prior studies
found that patients with more severe conditions (had 1 or more
inpatient admissions) were associated with greater rehabilitation
usage except the use of mechanical ventilation.4,23 Our research
was consistent with these results, and we added the conclusion
about the interaction between hospital type and patient severity.
This analysis of cross-level interactions revealed the lesser
rehabilitation utilization of stroke patients with more severe
conditions (e.g., surgery) in the smaller hospitals. In brief sum-
mary, the patients treated at smaller hospitals may not easily get
rehabilitation services, and the phenomenon may be worse for
those with poorer health. The disparity of rehabilitation usage
may thus require further analysis.

In addition, previous research has shown that being male
was a factor associated with decreased rehabilitation usage, but
the influence of this variable approached insignificance
(P¼ 0.06).23 However, previous research relevant to the gender
differences in the Colorado stroke registry found that male
patients may use fewer rehabilitation services,24 a finding
similar to ours. The reason for the gender difference merits
further investigation. In addition, the issue of neurologist
involvement associated with rehabilitation usage was also of

Medicine � Volume 95, Number 19, May 2016
interest in this analysis. Approximately 50% of the patients did
not use rehabilitation care, including those who saw a neurol-
ogist. Some patients who used neurologists’ services had worse

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
physical conditions, such as respiratory or renal failure, and
stayed in the ICU until death, leading to an absence of reha-
bilitation requests. In addition, stroke may be the second event
after hospitalization; for example, patients may experience
congestive heart failure and then stroke.

In past years, there were growing uses of the GLMM model
for the data correlations and analyses. Nevertheless, the quality
of reporting still has room for improvement. For example,
variance estimates of random effects were described in only
9% of 443 articles.25 Moreover, there were only 37% and 15%
of the articles with the method of covariate selection and
method of GOF, respectively. If little emphasis of the literatures
on the GLMM model for the readers, the reported results can be
regarded unreliable. For example, the default method in Proc
Glimmix cannot provide an approximation for the actual like-
lihood of the data; thus, these methods cannot be used to
compare models by using LLR or AIC. The Laplace approxi-
mation can obtain this type of approximation and therefore can
increase the order of accuracy.26 In our study, we carefully
followed the guidelines for GLMM model reporting guide-
lines.25 Our variable response distribution was the Bernoulli
distribution. We used SAS version 9.4 and adopted Proc
Glimmix as statistical function using the Laplace estimation
method. We used the Wald t to test for fixed effects, the
likelihood ratio test for random effects, and the variance/
covariance estimates of random effects. Our patient- and hos-
pital-level variables were added as fixed effects by using
backward elimination (method of variable selection). The final
model was confirmed by the lowest AIC value (method of GOF)
and was verified by the GLMM validation. We performed a
sensitive analysis for the overdispersion check.20 This detailed
execution of the GLMM model has made our results more
accurate.

There are some limitations in our study. First, our claims
database lacked the information about the topographic area of
stroke in brain and the ischemic stroke subtypes; thus, the
impact of these factors on rehabilitation usage cannot be
determined. Second, we were not able to access the differences
in hospital rehabilitation facilities. In general, the hospitals
categorized as acute level-I hospitals may have higher rehabi-
litation rates. According to the Emergency Medical Services
Act in Taiwan, the emergency facilities in the hospitals were
graded by the available expertise and medical capability to deal
with the emergencies.27 In our study the acute level-I hospitals
are almost always the tertiary hospitals. The convenience of
rehabilitation after acute stroke care in these hospitals may be
the commonest cause for the higher usage rate. Third, we could
not get the information from the NHI database about the
function outcome of rehabilitation after acute strokes. This
may be the following issue for us to explore about the subacute
care and chronic demand.

CONCLUSIONS
With strict GLMM model specifications, we identify that

hospital type and its cross-level interaction accounted for 57%
of the total variation in rehabilitation usage. From this analysis,
larger variation in rehabilitation utilization among our stroke
patients implies the needs to improve the rehabilitation utility in
the smaller hospitals in Taiwan.

Rehabilitation Utility in Acute Stroke Care
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