
Association of Rehabilitation Intensity
for Stroke and Risk of Hospital
Readmission
A. Williams Andrews, Dongmei Li, Janet K. Freburger

Background. Little is known about the use of rehabilitation in the acute care setting and
its impact on hospital readmissions.

Objective. The objective of this study was to examine the association between the
intensity of rehabilitation services received during the acute care stay for stroke and the risk
of 30-day and 90-day hospital readmission.

Design. A retrospective cohort analysis of all acute care hospitals in Arkansas and Florida
was conducted.

Methods. Patients (N�64,065) who were admitted for an incident stroke in 2009 or 2010
were included. Rehabilitation intensity was categorized as none, low, medium-low, medium-
high, or high based on the sum and distribution of physical therapy, occupational therapy, and
speech therapy charges within each hospital. Cox proportional hazards regression was used to
estimate hazard ratios, controlling for demographic characteristics, illness severity, comorbidi-
ties, hospital variables, and state.

Results. Relative to participants who received the lowest intensity therapy, those who
received higher-intensity therapy had a decreased risk of 30-day readmission. The risk was
lowest for the highest-intensity group (hazard ratio�0.86; 95% confidence interval�0.79,
0.93). Individuals who received no therapy were at an increased risk of hospital readmission
relative to those who received low-intensity therapy (hazard ratio�1.30; 95% confidence
interval�1.22, 1.40). The findings were similar, but with smaller effects, for 90-day readmis-
sion. Furthermore, patients who received higher-intensity therapy had more comorbidities and
greater illness severity relative to those who received lower-intensity therapy.

Limitations. The results of the study are limited in scope and generalizability. Also, the
study may not have adequately accounted for all potentially important covariates.

Conclusions. Receipt of and intensity of rehabilitation therapy in the acute care of stroke
is associated with a decreased risk of hospital readmission.
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Each year, approximately 795,000
Americans experience a new or
recurrent stroke, with a greater

incidence and prevalence in older adults,
especially among those living in south-
ern states.1–3 In 2009, the costs of pro-
viding acute, inpatient care to patients
with stroke was estimated at $10.7 bil-
lion,2 with a portion of these costs due to
hospital readmissions.4 Hospital readmis-
sions, particularly within the first 30 days
following discharge, can be a marker of
poor health care quality and inefficient
care.5,6 In an attempt to reduce prevent-
able hospital readmissions, the Centers
for Medicare & Medicaid Services (CMS)
has implemented a policy to reduce pay-
ments to hospitals with 30-day readmis-
sions for certain diagnoses.7

Although some readmissions are not pre-
ventable, many are preventable. Causes
for preventable hospital readmissions
include inadequate discharge planning,
lack of communication among health
care providers both within and outside
the hospital, lack of a timely follow-up
visit, and lack of clarity regarding who is
caring for the patient after discharge.8

Rehabilitation specialists (ie, physical
therapists, occupational therapists, and
speech-language pathologists) serve an
important role in the acute care of
patients with stroke. After an evaluation
to determine the extent of functional lim-
itations of the patient, the rehabilitation
specialist begins treatment to address
these limitations and, perhaps more
importantly, assists with discharge plan-
ning to determine the need and most
appropriate setting for postacute care.
Furthermore, the rehabilitation specialist
provides education to the patient, family
members, and other caregivers, includ-
ing safety considerations during mobil-
ity, activities of daily living, and
swallowing.

Several clinical practice guidelines for
acute stroke recommend that rehabilita-
tion provided by occupational therapists,
physical therapists, and speech-language
pathologists begin soon after admission
to the hospital.9–14 These guidelines,
which have been developed in several
different countries, generally contend
that the earlier the rehabilitation profes-
sionals can begin providing care to a

patient, the better the quality of care the
patient will be receiving. Using data from
the Danish National Indicator Project,
Ingeman and associates15 examined the
medical records of hospitalized patients
with stroke. They found that the 30- and
90-day mortality rates were significantly
lower for patients who received all 7 of
their identified indicators of quality of
care. Two of these quality indicators
were an early assessment by a physical
therapist and an early assessment by an
occupational therapist.

Other investigators have sought to
explore the relationship between func-
tional status and care during the index
hospitalization and readmission in
patients with acute stroke.16–21 Some of
these studies showed that poorer physi-
cal function was predictive of hospital
readmission.16,17,19–21 Little research,
however, has specifically focused on the
use of rehabilitation in the acute care
setting and its impact on hospital read-
missions. The purpose of our study was
to examine the association between the
intensity of rehabilitation services
received during the acute care stay for
stroke and the risk of 30- and 90-day
hospital readmission. We hypothesized
that more intensive rehabilitation would
be associated with a decreased risk of
hospital readmission.

Method
Study Design
We utilized a retrospective cohort design
with a 3-month baseline period (where
we examined prior hospitalizations), an
exposure period (defined by the hospi-
talization length of stay), and a 3-month
follow-up period (beginning the day after
hospital discharge) (Fig. 1).

Data Source
We examined the State Inpatient Data-
bases (SID)22 from Arkansas and Florida.
These databases contain data on all hos-
pital discharges from short-term acute
care and specialty hospitals in the states.
Arkansas and Florida were selected
because the SIDs for these states con-
tained the necessary linkage information
needed to examine readmissions and the
detailed revenue codes to identify ther-
apy intensity. These states are also in the
southern United States, where the inci-
dence of stroke is higher than in other
census regions.23,24 Data from 2009 and
2010 were examined. Using the Ameri-
can Hospital Association (AHA) ID num-
ber available in the SID, we linked the
SID data to the 2009 and 2010 AHA
Annual Survey Database to obtain infor-
mation on hospital characteristics.25

Cohort Identification
We identified patients admitted to short-
term, acute care hospitals with a primary
discharge diagnosis of stroke (Interna-
tional Classification of Diseases, Ninth
Revision, Clinical Modification [ICD-9-
CM] codes 430.xx–434.xx and 436.xx–

Available With
This Article at
ptjournal.apta.org

• eTable 1: Study Variable
Definitions

• eTable 2: Patient Characteristics
by Therapy Intensity

• eTable 3: Full Model Results for
30-Day Readmission Outcome

• eTable 4: Full Model Results for
30-Day Readmission Outcome

Figure 1.
Study design.
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438.xx) from April 1, 2009, to Septem-
ber 30, 2010. We eliminated patients
with strokes in the first quarter of 2009
and last quarter of 2010 to allow for the
baseline and follow-up periods. Patients
were excluded if they were younger than
45 years of age, did not live in Arkansas
or Florida, died during the hospitaliza-
tion, had a stroke within the previous 3
months, or were transferred from the
admitting hospital to another short-term,
acute care hospital. Patients younger
than 45 years of age were excluded
because stroke characteristics, out-
comes, and mortality differ in younger
adults.26 Excluding these patients did not
appreciably diminish the sample size
(lost �5% of sample). Patients with a
stroke in the prior 3 months also were
excluded because the incident stroke
may have been a readmission related to
the previous stroke. The 3-month time
frame was selected because most hospi-
tal readmissions for stroke occur within

the first 100 days16 and to maximize the
use of available data. Use of a longer
baseline period would have decreased
the period of time for identifying an
index admission for stroke. Records with
missing data (�4%) also were excluded
(Fig. 2). In preliminary analyses, records
with and without missing data were
similar in regard to demographic
characteristics.

Study Variables
Our primary outcome variable was read-
mission to a short-term, acute care hos-
pital during a 30- or 90-day follow-up
period. Readmissions were not further
characterized as to whether they were
unexpected, planned, or preventable.
For these analyses, patients who died
prior to an acute care readmission were
excluded. We also examined our results
with composite outcomes of 30-day read-
mission or death and 90-day readmission

or death to account for the competing
risk of death.

Our primary exposure variable was ther-
apy intensity, defined as the amount of
therapy received during the acute care
stay. Consistent with methods used in a
previous study,27 we created this vari-
able by identifying the UB 92 revenue
codes for physical therapy, occupational
therapy, and speech therapy and sum-
ming the charges associated with these
codes. Because the amount billed for the
same services varies across hospitals and
states,28 we categorized therapy inten-
sity within each hospital as: none, low,
medium-low, medium-high, or high
based on the quartile distribution of the
charges and controlled for length of stay
to account for the fact that patients with
longer lengths of stay potentially could
receive more therapy.

Figure 2.
Identification of cohorts for study states: (A) Arkansas cohort, (B) Florida cohort.
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We created several covariates to control
for potential confounding. These covari-
ates were based on content expertise of
the team, literature, and available data
and included demographic characteris-
tics (age, sex, race, insurance, residence,
income), comorbidities (based on the
Elixhauser index29 as well as relevant
condition-specific comorbidities), num-
ber of chronic conditions,30 and mea-
sures of illness severity. Our measures of
illness severity included specific diagno-
ses in the hospital discharge record (eg,
aphasia, hemiparesis) as well as proxy
measures (eg, length of stay and dis-
charge disposition). We also included
several hospital quality measures (eg, vol-
ume of patients admitted with stroke,
registered nurse full-time equivalents,
for-profit status, teaching status, Com-
mission on Accreditation of Rehabilita-
tion Facilities [CARF] accreditation).31–33

See eTable 1 (available at ptjournal.
apta.org) for definitions of the study
variables.

Data Analysis
We used multivariate, Cox proportional
hazards regression with a random effect
for hospital to estimate hazard ratios.
The random effect for each hospital
accounted for the nonindependence of
measures within the hospital (ie, patients
within the same hospital will be more
similar to each other than patients across
hospitals). Failure to account for this
“clustering” within hospitals in statistical
models can lead to inappropriate infer-
ences.34 We first estimated an unadjusted
ratio and then examined how the esti-
mate changed with the addition of cova-
riate blocks: (1) facility random effect,
(2) demographic characteristics, (3) ill-
ness severity characteristics, (4) comor-
bidities, and (5) hospital quality indica-
tors and state variable. Although many of
our covariates were likely correlated (eg,
illness severity and comorbidities), we
did not conduct formal testing for col-
linearity, as we were primarily interested
in controlling for these variables and not
in making conclusions regarding the indi-
vidual parameter estimates for these vari-
ables. We also conducted a descriptive
analysis to determine the primary diag-
nosis associated with the readmission.
Analyses were performed using SAS, ver-

sion 9.3 (SAS Institute Inc, Cary, North
Carolina).

Role of the Funding Source
This study was funded by Elon University
Faculty Research and Development
Fund.

Results
A total of 64,065 patients met the study
entry requirements, with the majority of
the sample (77%) from Florida. Figure 2
presents our sample creation for each
state. Table 1 presents selected charac-
teristics of the cohort, stratified by ther-
apy intensity (see eTab. 2, available at
ptjournal.apta.org, for a listing of all char-
acteristics of the cohort by therapy inten-
sity). Two-thirds of the participants
(66.7%) received rehabilitation therapy
during their inpatient stay. Participants
who did not receive rehabilitation were
younger and more likely to be male,
white, and have private insurance. They
also had fewer comorbidities and
chronic conditions and were more likely
to be discharged home. Participants who
received high-intensity rehabilitation
therapy were more likely to be black,
have Medicaid coverage, and have more
comorbidities and chronic conditions
relative to those who received low-
intensity therapy. Participants who
received high-intensity rehabilitation
therapy also were more likely to be dis-
charged to a skilled nursing or inpatient
rehabilitation facility.

Table 2 presents the crude rates for hos-
pital readmission by state. Rates of re-
admission were similar overall for Florida
and Arkansas at approximately 15% for
30-day readmission and 26% for 90-day
readmission. State differences, however,
were apparent when these data were
stratified by therapy intensity. In Florida,
rates of readmission increased as therapy
intensity increased. This trend was less
apparent in the Arkansas data, where
readmission rates for individuals who
received no therapy were higher than
readmission rates for low, medium-low,
and medium-high therapy intensity. For
both states, the prevalence and rates of
readmission were highest for individuals
who received high-intensity therapy.

In Table 3, we present the unadjusted
and adjusted effects of therapy intensity

on 30- and 90-day hospital readmission.
After adjusting for demographic charac-
teristics, comorbidities, number of
chronic conditions, measures of illness
severity, and hospital quality measures,
individuals who received higher-
intensity therapy had a decreased risk of
hospital readmission relative to those
who received low-intensity therapy.
These effects were greater for the 30-day
readmission outcome and generally
increased as therapy intensity increased.
Individuals who received no therapy
were at an increased risk of readmission
relative to the low-therapy group. See
eTables 3 and 4 (available at
ptjournal.apta.org) for the full model
results for 30- and 90-day readmission
outcomes, respectively.

Because less than 1% of the sample died
prior to a 30- or 90-day hospital readmis-
sion, the frequencies of our composite
outcomes (ie, readmission or death
within 30 or 90 days) were only slightly
greater than our readmission outcomes.
Our results using the composite out-
comes were almost identical to our find-
ings presented in Table 3.

Based on the stepwise analyses, the
greatest changes in the parameter esti-
mates for therapy intensity occurred
with the addition of the illness severity
measures. The estimates were fairly sta-
ble with the addition of other covariate
blocks. Several covariates were associ-
ated with readmission in the expected
direction. For example, patients with
more comorbidities and chronic condi-
tions were more likely to be readmitted,
as were patients discharged to a skilled
nursing or inpatient rehabilitation facility
relative to patients discharged to home.
Patients with longer lengths of stay dur-
ing the initial admission also were more
likely to be readmitted relative to those
with shorter lengths of stay.

The primary diagnoses associated with
hospital readmissions during the 90-day
follow-up period are presented in Table
4. The top 15 diagnoses accounted for
41.4% of the readmissions. The top 2
diagnoses—occlusion/stenosis of pre-
cerebral arteries without mention of
cerebral infarction (ICD-9-CM code
433.10) and cerebral artery occlusion,
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unspecified with cerebral infarction
(ICD-9-CM 434.91)—were related to the
cerebrovascular system, and they
accounted for 16% of the readmissions.

Discussion
We examined the association among
therapy intensity and risk of 30- and

90-day hospital readmission following an
incident stroke. After adjusting for demo-
graphic characteristics, comorbidities,
various measures of illness severity, and
hospital factors, we found that intensity
of rehabilitation therapy received during
the acute care admission was associated
with a decreased risk of hospital readmis-

sion. These effects were greatest for the
30-day readmission outcome, which is
more proximal to the care received dur-
ing the initial hospitalization.

Participants who received no therapy
during their acute care admission were at
the greatest risk of 30- and 90-day re-

Table 1.
Characteristics of Sample by Therapy Intensity

Characteristics
None

(33.3%)
Low

(16.7%)
Medium-Low

(16.7%)
Medium-High

(16.7%)
High

(16.7%)
Total

(N�64,065)

% female 46.2 50.9 52.2 52.7 52.1 50.0

Age (y) (%)

45–64 26.4 28.1 28.1 27.0 29.1 27.5

65–74 32.5 24.7 23.5 22.9 21.3 26.2

75–84 29.2 28.8 28.5 29.3 30.1 29.2

�85 11.9 18.4 19.9 20.9 19.5 17.1

Race (%)

White 81.9 74.6 72.2 67.8 63.8 73.7

Black 7.6 14.5 16.1 18.1 18.5 13.7

Other 10.5 10.9 11.7 14.1 17.6 12.6

Insurance (%)

Medicare 73.6 72.6 73.4 74.0 70.5 72.9

Medicaid 3.4 5.0 5.5 5.7 9.1 5.3

Private 16.6 13.9 12.6 12.3 11.9 14.0

Other 6.4 8.6 8.5 8.1 8.4 7.8

Discharge disposition (%)

Home 85.6 72.0 60.9 47.1 25.7 62.8

Inpatient rehabilitation 1.2 5.2 10.6 17.7 29.3 10.9

Skilled nursing facility 5.9 15.3 22.2 29.5 38.6 19.6

Other 7.4 7.5 6.3 5.7 6.4 6.8

Length of stay (d) (%)

0–1 45.3 11.3 5.9 2.3 0.4 18.4

2 22.2 25.1 18.9 10.2 2.2 16.8

3 11.3 23.8 23.0 20.0 7.0 16.1

4–5 10.7 23.0 29.2 31.9 20.1 20.9

�5 10.5 16.8 23.0 35.7 70.3 27.8

No. of comorbidities (%)

0–1 34.2 25.6 24.0 20.6 15.7 25.7

2 28.6 27.9 26.9 27.3 22.9 27.0

3 18.6 20.7 21.9 22.1 22.1 20.6

�4 18.7 25.8 27.1 30.1 39.3 26.6

No. of chronic conditions (%)

0–4 36.3 25.1 22.2 18.9 13.9 25.5

5–6 31.0 30.5 30.1 28.7 25.6 29.5

7–8 18.8 23.1 24.5 25.5 26.7 22.9

�8 13.8 21.3 23.2 26.9 33.8 22.1
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admission relative to those who received
low-intensity therapy. These results were
somewhat surprising, as individuals who
did not receive therapy were generally
healthier than those who did (Tab. 1).
Their overall unadjusted risk of readmis-
sion also suggested that these individuals
were not at risk of readmission. How-
ever, when we adjusted for illness sever-
ity, comorbidities, and other factors, the
parameter estimate on no therapy
changed considerably (Tab. 3), indicat-
ing confounding and suggesting that
some individuals in this group had more
comorbidities and greater illness sever-
ity. Although these results suggest that
use of low-intensity therapy versus no
therapy decreases the risk of readmis-
sion, after controlling for illness severity,
we cannot rule out unmeasured con-
founding. Inclusion of measures of
impairments in body structure and func-
tion as well as measures of activities lim-
itations may have altered this finding.

Our more compelling findings relate to
the dose-response relationship we
observed with therapy intensity. Individ-
uals who received more intensive ther-
apy, controlling for length of stay as well
as several other covariates, were at a
decreased risk of readmission. These
findings support current clinical practice
guidelines for stroke,9–11,13,14 which
recommend early referral and evaluation
for patients with stroke in the acute care
setting. One role of therapists in this set-
ting is to maximize patient mobility,
which has been identified as a potential
physical biomarker for hospital readmis-
sion.35 Because more than 75% of the
patients in our sample were in the hos-
pital for �3 days, our findings may relate
more to adequate time for discharge
planning36 and communication among
the health care team. In addition to pro-
viding examinations and interventions,
rehabilitation providers also educate
patients, caretakers, and family mem-
bers, and they make recommendations
for safe engagement in activities and par-
ticipation after discharge, all of which
may affect readmission. Furthermore,
consultative services and effective inter-
professional communication may have a
significant impact on minimizing re-
admissions. Effective decision making
and communication in the hospital set-

ting should be a primary objective of
clinicians, and policies and procedures
should foster implementation of these
skills.

Our 30-day readmission rate of 15% is
generally similar to what has been
reported in the literature from US stud-
ies.37 Lichtman et al38 reported a 30-day
readmission rate of 14% in their analysis
of Medicare data. Ottenbacher et al20

reported a 30-day readmission rate of
18%, although their sample was limited
to individuals discharged to inpatient
rehabilitation facilities in 6 states.

Our study had several limitations. First,
our results are limited in scope and gen-
eralizability. We targeted southern states,
given the higher incidence of stroke in
this region. However, we were only able
to utilize data from the Florida and Arkan-
sas State Inpatient Databases, as none of
the other southern state databases con-
tained the outcome and exposure vari-
ables needed to answer our question.
Furthermore, although Florida is geo-
graphically a southern state, the demo-
graphics and cultural norms of many
parts of Florida may not be similar to
those of other southern states. We also
lost approximately 4% of the records on
stroke hospitalization due to missing
covariates or linkage IDs. Although the
demographic characteristics of patients
with and without missing data were sim-
ilar, it is possible that those with missing
data differed in illness severity. The small
percentage of missing records, however,
would likely have a minimal impact on
our findings.

A second limitation is that we may not
have adequately accounted for all poten-
tially important covariates. For example,
although we were able to account for the
presence of comorbidities, we were
unable to account for the duration and
severity of these comorbidities. Also, as
noted earlier, our database did not con-
tain measures of specific measures of
body structure and function impairments
or activities limitations; thus, we
depended on indirect measures of stroke
severity, such as length of stay and dis-
charge disposition. Furthermore, our
exposure variable was a crude measure
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based on charges and did not reflect the
content of the rehabilitation care
received, nor did it distinguish between
the amounts of therapy delivered by
each discipline.

Lastly, most hospital readmissions were
unplanned, but some were planned.
Potentially, patients who received less
rehabilitation services could have been
readmitted at a higher rate for follow-up
medical or surgical procedures such as
carotid stenting or cardiac ablation.

Despite these limitations, our findings
provide the basis for additional research
on understanding the role of rehabilita-

tion in the acute care of stroke. Future
research should replicate our findings
using data from different states and
national data. Describing the exposure
variable in more detail (eg, by discipline
and content of care) also would be useful
in gaining a better understanding of what
is effective. Further research on factors
that affect receipt of rehabilitation in the
acute care setting is needed. Lastly, com-
paring subgroups of readmitted patients
based on their original discharge destina-
tion (eg, home, inpatient rehabilitation,
skilled nursing facility) also would prove
insightful.

In conclusion, in this retrospective,
observational cohort study, we found
that patients with stroke who received
higher-intensity therapy were at a
decreased risk of hospital readmission
relative to those who received lower-
intensity therapy. We also found that
individuals who received no therapy
were at an increased risk of hospital read-
mission relative to those who received
low-intensity therapy. These results sup-
port the contention of clinical practice
guidelines that recommend patients hos-
pitalized with an acute stroke receive
rehabilitation services as soon and as
much as practicable.

Table 3.
Hazard Ratios for Therapy Intensitya

Variable

30-Day Readmission 90-Day Readmission

Unadjusted HR (95% CI) Adjustedb HR (95% CI) Unadjusted HR (95% CI) Adjustedb HR (95% CI)

No therapy 0.95 (0.89, 1.02) 1.30 (1.22, 1.40) 1.00 (0.96, 1.05) 1.31 (1.24, 1.38)

Low therapy intensity (reference) 1.00 1.00 1.00 1.00

Medium-low therapy intensity 1.04 (0.96, 1.11) 0.91 (0.85, 0.98) 1.07 (1.01, 1.13) 0.95 (0.90, 1.00)

Medium-high therapy intensity 1.13 (1.05, 1.21) 0.85 (0.79, 0.92) 1.17 (1.11, 1.23) 0.90 (0.85, 0.95)

High therapy intensity 1.54 (1.44, 1.64) 0.86 (0.79, 0.93) 1.53 (1.45, 1.61) 0.91 (0.8, 0.96)

a HR�hazard ratio, CI�confidence interval.
b Adjusted for demographic characteristics, comorbidities, illness-severity measures, and hospital factors.

Table 4.
Top Primary Diagnoses for Readmission in the 90-Day Follow-up Period (N�16,412)

ICD-9-CMa Code ICD-9-CM Description n %

433.10 Occlusion/stenosis of precerebral arteries without mention of cerebral infarction 1,479 9.0

434.91 Cerebral artery occlusion, unspecified with cerebral infarction 1,178 16.2

038.9 Unspecified septicemia 510 19.3

599.0 Urinary tract infection 481 22.2

435.9 Unspecified transient cerebral ischemia 374 24.5

584.9 Acute renal failure, unspecified 348 26.6

507.0 Aspiration pneumonia 347 28.7

486 Pneumonia, organism unspecified 346 30.9

414.01 Coronary atherosclerosis of native coronary artery 303 32.7

427.31 Atrial fibrillation 292 34.5

428.0 Congestive heart failure 264 36.1

431 Intracerebral hemorrhage 261 37.7

780.2 Syncope and collapse 214 39.0

410.71 Subendocardial infarction, initial episode of care 206 40.2

786.59 Chest pain, other 197 41.4

All other diagnoses 9,612 100.0

a ICD-9-CM�International Classification of Diseases, Ninth Revision, Clinical Modification.
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