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Abstract
Objective—To determine whether there are disparities in postacute stroke rehabilitation based on
type of stroke, race/ethnicity, sex/gender, age, socioeconomic status, geographic region, or service
area referral patterns in a large integrated health system with multiple levels of care.

Design—Cohort study tracking rehabilitation services for 365 days after acute hospitalization for
a first stroke.

Setting—The Northern California Kaiser Permanente Health System (approximately 3.3 million
membership population)

Participants—A total of 11,119 patients hospitalized for acute stroke from 1996 to 2003. The
cohort includes patients discharged from acute care after a stroke. Postacute care rehabilitation
services were evaluated according to the level of care ever-received within the 365 days after
discharge from acute care, including inpatient rehabilitation hospital (IRH), skilled nursing facility
(SNF), home health and outpatient, or no rehabilitation services.
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Interventions—Not applicable.

Main Outcome Measure—Service delivery.

Results—Patients discharged to an IRH had longer lengths of stay in acute care. Patients with
hemorrhagic stroke were less likely to be treated in an IRH. Patients whose highest level of
rehabilitation was SNF were older and more likely to be women. After adjusting for age and other
covariates, women were less likely to go to an IRH than men. Asian and black patients were more
likely than white patients to be treated in an IRH or SNF. Also more likely to go to an IRH were
patients from higher socioeconomic groups, from urban areas, and from geographic areas close to
the regional rehabilitation hospital.

Conclusions—These results suggest variation in care delivery and extent of postacute care
based on differences in patient demographics and geographic factors. Results also varied over
time. Some minority populations in this cohort appeared to be more likely to receive IRH care,
possibly because of disease severity, family support systems, cultural factors, or differences in
referral patterns.

INTRODUCTION
According to a recent report, the annual incidence of stroke, including recurrent stroke, in
the United States is approximately 780,000, and the prevalence of stroke is estimated to be
5.8 million [1]. Stroke is the third-leading cause of death in the United States, after heart
disease and cancer. Although stroke mortality rates have declined during the last 30 years,
the death rate is still approximately 25%, and mortality rates have decreased little, if at all,
since 1990 [2]. Differences in death rates for subpopulations grouped by race/ethnicity,
socioeconomic status, and geography are “striking,” according to findings of a national
consensus group [3]. A leading cause of disability among adults, stroke is associated with
estimated direct and indirect costs in 2008 of 65.5 billion dollars; nursing home costs alone
account for an estimated 15.7 billion dollars [2].

Rehabilitation services and programs are required for patients who experience disabling
effects from a stroke. Functional recovery or restoration of some functional abilities—with
improvements in activity and participation in life roles—may continue for months or years
after the acute event. Stroke rehabilitation guidelines have been developed and implemented
by many organizations, including the health system that was the site for this study, and
emphasize the work of specialized teams over a care continuum [4].

Rehabilitation after acute inpatient medical and, in some cases, surgical care may be
provided at an inpatient rehabilitation hospital (IRH), a skilled nursing facility (SNF), an
outpatient clinic (OP), or by home health care (HH). During the last several decades in the
United States, the average acute length of stay for patients with stroke has decreased to
approximately 5.2 days [2].

Health disparities are differences in health care processes or health outcomes that exist
among population groups as defined by social or other factors. Health inequity is a term
used to signify unequal treatment or injustices that are a cause of health disparities [5,6]. The
factors that contribute to health disparities or health inequities usually are multiple for any
one group of individuals and, as a consequence, are difficult to analyze. Disparities or
inequities may relate to overall health status or health care access or quality. In this study,
the focus was on health care services and health care utilization, not quality of care or health
care outcomes.

Differences are evident among racial/ethnic groups and between men and women in stroke
type, incidence, severity, and mortality [7–9]. Black subjects have almost twice the risk of
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stroke compared with white subjects, and the incidence peaks at a younger age [10]. Black
subjects, and in particular low-income ones, experience severer strokes [11] and a worse
“trajectory of functional recovery” in the first year after stroke [12,13]. The incidence of
stroke in Hispanic populations is also greater than in white populations, although not to the
same degree as black populations [2]. Hispanics and Asian populations have a greater
incidence of hemorrhagic stroke, and hemorrhagic strokes are associated with greater
degrees of functional impairment than ischemic strokes [14].

Evidence has been accumulating that poststroke rehabilitation services are not equally
delivered among populations, although the findings are not consistent. A Los Angeles study
of community-dwelling patients with stroke and other diagnoses found that minority
populations, less-educated individuals, and the oldest patients were significantly less likely
to use physical and occupational therapy services [15]. However, results of a study in
Maryland suggested that black patients experiencing a stroke were more likely than white
patients to go to an IRH [16]. A Medicare sample analysis from 297 hospitals in 5 states
showed more black patients than white patients receiving physical and occupational therapy,
but black patients had more motor deficits [13]. A study of stroke patients in the Veterans
Administration system found no racial differences in IRH care [13,17]. Racial disparities in
outcomes at discharge from an IRH and at 3 months after discharge were evident in a recent
study in California, with black and Asian patients demonstrating less functional
improvement at 3 months after discharge [18].

Minority groups other than blacks have been relatively unstudied. No study has focused on
the array of factors that may be associated with disparities in the delivery of postacute care
(PAC) and rehabilitation services to patients with stroke, namely type of stroke, age, sex/
gender, race/ethnicity, socioeconomic status (as reflected by income and education),
geographic factors such as rural/urban residence and proximity to an IRH, and hospital
referral patterns. Although previous studies have been illuminating, none has assessed health
care disparities in a prepaid, integrated health system.

The hypothesis of this study was that disparities exist in PAC delivery. It was expected that
social determinants of health such as race/ethnicity, income, and rural/urban residence
would be identified as contributing factors in determination of PAC sites. The authors
focused on identifying disparities across the range of inpatient and outpatient rehabilitation
services. This study explored health care delivery and disparities among members of the
Kaiser Permanente Medical Care Program in Northern California, a prepaid health plan
delivering care in an integrated model to 3.3 million individuals at the time of the study. The
system has multiple settings for PAC, and rehabilitation and providers use regional
guidelines to promote greater uniformity in decision-making.

In the health system under study, patients are referred after acute hospitalization to a variety
of settings of care that are part of an integrated system of care. The relationship of the
medical group and the hospital and health plan is illustrated in Figure 1. This Northern
California Kaiser Permanente health system includes medical centers, ambulatory care
centers, one rehabilitation hospital, and a home health system. Contracts are made with
skilled nursing facilities throughout the region except in the case of one skilled nursing
facility that is operated by the health system.

Hospital-based physicians in The Permanente Medical Group (TPMG) are key decision-
makers about the appropriate next level of care after the acute hospital; discharge planners
and in some cases social workers and case managers help to facilitate the discharge from this
setting. In the SNF setting, physicians and SNF coordinators are involved in the care of the
patient and in determinations about the next level of care. In outpatient and home care, the
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primary care physician and in some cases a TPMG physiatrist are involved in the care of the
patient, making decisions about services or next level of care. The TPMG Stroke Guidelines
have been used since the late 1990s; revisions are made to the guidelines every 2 years. The
rehabilitation section of the guideline has been updated every 2 years during the time period
of this study, but the criteria for the various levels of postacute care have not been
substantially revised during this period (Figure 2).

In this study, the authors considered IRH care the most intensive level of PAC, given the
number of providers with expertise and skills in treating patients with stroke, and the
number of hours of treatment and the structure and process of care requirements in that
setting [19]. In the conceptual hierarchy, the next level of care was SNF, followed by HH,
followed by OP, and finally no PAC. In the health system, patients often are referred to a
SNF initially and then may be referred to IRH if they are in need of, and can tolerate, a more
intensive level of care. A high percentage of patients treated in IRH and SNF go home
eventually with HH in most cases. This is a different pattern of referral than many health
systems. This referral pattern created a problem for our data analyses, as many patients
received multiple levels of care but at varying points in their recovery. Therefore, it was
decided that both first level of care and also highest level or most intensive (IRH) level of
care ever received would be investigated.

METHODS
Study Design and Study Sample

The comprehensive Kaiser Permanente Northern California (KPNC) claims database,
California state mortality data, and U.S. Census data were used for the study. The authors
identified adult patients hospitalized with a primary diagnosis of stroke and discharged from
hospitals in the KPNC system from 1996 to 2003 and identified those patients with a
primary diagnosis of stroke, which was defined by using the International Classification of
Disease Codes, Version 9 (ICD-9). The following ICD-9 codes were used to define acute
stroke: 430.x, 431.x, 433.01– 433.99, 434.01– 434.99, 436.x, 997.02. The original stroke
cohort included 22,522 patients who had only 1 acute stroke hospitalization during the study
period.

The initial exclusion was conducted based on the following criteria: in-hospital death (n =
3269); invalid medical record number (n = 35); age at discharge younger than 18 years (n =
49); brain tumor, abscess, and traumatic brain injuries at the time of acute stroke or follow-
up period (n = 708); patients listed in KPNC “No Contact File,” ie, members who did not
wish to be or could not be contacted (n = 4), non-KPNC members at acute care discharge (n
= 1011), and patients with 2 or more months membership gap during follow-up (n = 137). A
total of 17,309 patients remained for further data exploration. Additional exclusions
removed patients who were not followed up for 1 year after acute care discharge because of
death or membership discontinuation (n = 4655); treatment at a non-Kaiser hospital for acute
care (n = 1129); unspecified patient gender (n = 2); missing race/ethnicity (n = 125), or
instances in which race/ethnicity was other than Asian, black, Hispanic, or white (n = 213).
The final study sample was 11,119 patients.

Covariates and PAC Services
Patient social demographic data included age at acute care hospital discharge, sex/gender,
self-reported race/ethnicity (Asian, black, Hispanic, white), urban or rural residential area,
and median household income. Patients’ residential zip codes were linked to the Rural-
Urban Commuting Area Codes (i.e., RUCAs). The KPCN system does not record the
individual’s income. Therefore, for each person in the sample, a median household income
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level was assigned based on the U.S. 2000 census block group where the person lived.
Taking into consideration the median household income and poverty line in California as
well as data distributions, the median household income of the study cohort also was
grouped into 3 categories: less than $40,000; $40,001 to $80,000; and $80,001 or more.

On the basis of ICD-9 codes, patients were categorized with acute stroke into (1)
hemorrhagic stroke: 997.02 (postoperative stroke); 430 (subarachnoid hemorrhage), and 431
(intracerebral hemorrhage) and (2) ischemic stroke (433, 434, 436). Length of acute care
hospital stay after stroke was obtained as a measure of acute care utilization as well as a
proxy for stroke severity. Twenty-one KPNC acute care facilities were included in the study,
representing 6 administrative and reporting areas: East Bay, Central Valley, Northeast Bay,
Capital, South Bay, and Golden Gate (Figure 3).

PAC data were collected over the course of 1 year after acute hospitalization, including
hospitalization in the IRH serving the region, treatment in a SNF, HH, and/or an OP clinic.
Only one centrally located rehabilitation hospital, located in Vallejo, served the adult
population at the time of this study and, for some patients and families, may have been
geographically remote. (After 2003, additional IRH sites became available in the Central
Valley and South Bay.) In the years represented by the study, there was little variation in the
health plan coverage of the membership. The membership grew from 2.8 million members
to 3.3 million members during the time period under study. In this integrated health system,
a patient may receive care in SNF after hospital discharge and then be transferred to the
IRH, or from IRH to SNF. Thus, the first level of PAC after hospital discharge as well as
“ever treated” were identified so as to capture all patients treated in all settings. A summary
PAC variable was created based on the type of care that a patient ever received during
follow-up, ie, IRH, SNF, HH, OP, or None (no care in the other categories).

Data Analysis
Descriptive statistical analyses were conducted for all explanatory and outcome variables
under study to examine data distribution, including mean, standard deviation (SD), median,
interquartile range (IQR) for continuous variables, and frequency tables and percentages for
categorical data. The relationship between highest level of care and year of discharge from
hospitalization after stroke was tested using χ2 tests for independence and trend.

Trends of PAC services over time were also evaluated. Multiple regression models were
used to explore associations of explanatory variables and PAC services. Two logistic
regressions were used to model the binary variable of ever-received-IRH or ever-received-
SNF care during the 12-month follow-up period and by using age, sex/gender, race/
ethnicity, median household income, acute length of stay, and Kaiser Permanente service
area as explanatory variables. An ordinal logistic regression model was used to model most
intensive PAC service received during the follow-up period using the same explanatory
variables. A significance level of .05 was set for all of the analyses. Initially, all the relevant
explanatory variables were entered into the model. Backwards selection was used for model
selection. Odds ratios and 95% confidence intervals are presented for associations between
factors and study outcomes. SAS 9.13 [20] was used for data analysis.

RESULTS
Description of the Cohort

Table 1 presents the descriptive data for the final cohort. Of the 11,119 stroke patients in the
cohort, mean age at acute care discharge was 69.7 years (SD = 13.0), 51.1% of the cohort
were female, 70.2% white, 10.8% black, 8.8% Asian, and 7.4% Hispanic. Most of the
patients (99.0%) resided in California, with a majority (96.0%) residing in urban areas.
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Patient income and educational level was obtained from 2000 U.S. Census Data. From these
data, it was found that 22% of the participants lived in areas in which the median income
was $40,000 or less, 59.7% lived in areas with the median income was between $40,000 and
$80,000, and the remaining 18.5% lived in areas with median income greater than $80,000.
Although the median percentage of the patients ages 25 or older with at least a high school
education was 87.0%, the median percentage of patients ages 25 or older who had 4 years or
higher college education was 27.6%. According to discharge diagnoses, 85.5% patients had
an ischemic stroke and 14.5% had a hemorrhagic or postoperative stroke. The KPNC
medical facility distribution by geographic region is depicted in Figure 3. The largest
percentage of the cohort was from the Capital area (Greater Sacramento area, 21.5%), and
the smallest percentage from the Central Valley area (5.2%). Median acute care length of
stay was 3 days (IQR = 3 or present minimum, and maximum, or present 25th and 75th
percentile).

Table 1 also shows the distribution of all variables by race/ethnicity. Self-reported patient
race/ethnicity was statistically associated with all of the explanatory and outcome measures
listed (P < .001 for all). White patients were older at acute stroke diagnosis than other race/
ethnicity groups, with a mean age of 71.6 years in comparison with black (65.4 years), Asian
(63.2), and Hispanic (64.9) populations. There were greater percentages of women in white
(51.6%) and black (53.9%) groups than Asian (47.2%) and Hispanic (46.1%) groups.
Greater percentages of white (4.9%) and Hispanic (3.6%) populations were living in rural
areas than black (0.4%) and Asian (0.9%) populations. Black and Hispanic patients more
often lived in areas of lower median household income than white and Asian patients.
Asians were more likely to have had a hemorrhagic stroke (26.4%) than other race/ethnicity
groups (12.8 –17.6%). White patients were in the majority in data from all areas, but the
greatest percentage of white patients was in the Capital area. A large percentage of black
patients resided in the East Bay area, and the largest percentages of Hispanics lived in the
Central Valley and South Bay areas.

PAC Population Distribution Over Time
Between the years 1996 and 2003, the numbers of acute stroke cases increased as the
membership population also increased. Changes in PAC utilization for stroke patients at
KPNC were observed during that period. In 1996, there were 2.4% stroke patients
discharged from acute care hospitals to IRH, 43.6% to SNF, 18.9% to HH, and 33.7% to
home. In 2003, there were 4.3% acute stroke patients discharged to IRH, 32.6% to SNF,
13.5% to HH, and 46.6% to home. Percentages of patients discharged directly to IRH and
home significantly increased over time whereas percentages of patients discharged directly
to SNF and HH decreased over time.

Columns 3 and 4 of Table 2 show the percentage of individuals ever receiving IRH or SNF
care, whereas columns 5 to 9 show percentages of individuals in each category of highest
PAC services received during the follow-up period. On average, 11.8% of the study cohort
was ever admitted to IRH and 40.9% were ever treated at SNF during the 1-year follow-up.
The highest level of PAC services received was as follows: 11.8% IRH, 32.8% SNF, 20.0%
HH, 28.9% OP, and 6.5% no PAC treatment. SNF and HH care as the highest PAC
treatment received decreased over time while outpatient clinic visits as the sole PAC
treatment increased over time.

Disparities in PAC Access
The distribution of PAC services by race/ethnicity groups are shown in Table 1. Findings
from logistic regression analyses are presented in Table 3 (for ever-received IRH) and Table
4 (ever-received SNF). Table 5 shows the results of the ordinal logistic regression for
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highest level of PAC received. The initial explanatory variables in all models were age and
length of stay (entered as continuous), and sex/gender, stroke type, year of discharge,
category of median income, race/ethnicity, and rural/urban (entered as categorical variables).
The models presented are the final models using backward selection. The tables contain the
odds ratio estimates, its 95% confidence bounds, and the P-value for each estimate.

Outcome 1: Ever Received IRH Care
Only age, sex/gender, stroke type, length of stay (LOS), and KP service area were
statistically significant in the final model. Older individuals, women, and individuals who
had a hemorrhagic stroke were less likely to ever receive IRH services, whereas an increase
in LOS increased the likelihood of ever receiving IRH. Patients who did not receive IRH
care may or may not have received other services. Compared with the KP facility in the
Capital area, all other areas were more likely to have outpatients who received IRH at some
point during the 12-month period after discharge from hospitalization.

Outcome 2: Ever Received SNF Care
Age, sex/gender, stroke type, LOS, median household income of the residence area, KP
service area, and year of discharge were statistically significant in the model. There was a
greater likelihood of receiving SNF care at some point during follow-up for older
individuals, women, patients with a longer LOS, and those in the lowest income category.
Compared with the Central Valley area, East Bay, Capital, and Golden Gate areas were
more likely to have individuals who received SNF at some point, whereas North Bay and
South Bay areas were not statistically different from the Central Valley area. Compared with
the year 2003, data from early years (1996 –1999) suggested that patients were more likely
to have received some SNF care, whereas in later years (2000 –2002), findings were not
statistically different.

Outcome 3: Highest Level of PAC Services Received
Age, sex/gender, stroke type, LOS, race/ethnicity, KP service area, and year of discharge
were statistically significant in the model. The likelihood that a person received a greater
level of PAC service increased with increasing age, being female, having a longer LOS, and
having an ischemic stroke. Hispanic patients were not different from white patients, whereas
black and Asian subjects were more likely to receive greater levels of PAC than white
subjects. All areas were more likely than the Central Valley area to have participants in
greater levels of PAC service. Participants in the East Bay area, for example, were twice as
likely to receive institutional care than patients in the Central area. Except for the year 2002,
patients in all other years were more likely to receive greater levels of PAC services when
compared to the year 2003.

DISCUSSION
Results were expected in some areas and unexpected in others. Despite integration and
uniformity in many aspects of the system, the interplay of patient and subregional
characteristics that contributed to different PAC utilization as well as some variation during
the time period of the study were observed.

Rather than demonstrating differences in care based solely on minority status, the findings
indicate that disparities in rehabilitation services provided after stroke may be caused by
complex interrelationships of socioeconomic factors, including income, age, sex/gender,
race/ethnicity, geographic factors, and type or severity of stroke. Cultural factors, yet to be
determined, also may play a role in the determination of the types of services and the
settings of care for subpopulations from various ethnic groups.
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Unexpectedly, it was found that white patients in our population were less likely to go to an
IRH and, in fact, other racial/ethnic groups, namely Asian and black populations, were more
likely to receive care in this setting. White women were more likely to be treated in an SNF
even after adjusting for other explanatory variables, including age and type of stroke.
Median household income was a significant factor in receipt of SNF care, ie, patients with
lower income were more likely to go to SNF. Proximity to the regional IRH also was
associated with the care health plan members received.

The longer average LOS in acute hospital for patients going to IRH may be a proxy for
severity or may represent the longer period required to secure a bed in an IRH as compared
with other settings that are more accessible because of geographic proximity, admission
criteria, and process of referral and decision-making. Discharge to a SNF under Centers for
Medicare and Medicaid reimbursement guidelines allows for a longer LOS (up to 100 days)
in a SNF as compared with an IRH (not reimbursed under Medicare for more than 30 days
for a patient with a stroke) [21]. In addition, SNFs are more available in a wider geographic
area and more readily accessible than the one IRH in the system at the time of this study.

The variation in discharge level of care by acute hospitals within the system may reflect
differences in decision-making by discharge planners or physicians. Referral patterns may
vary because of the availability of PM&R physicians for consultation and assistance in
functional prognostication, medical appropriateness, and determination of the best setting
for rehabilitation after acute hospitalization.

Educational factors such as patient and family knowledge about the differences in PAC and
rehabilitation services and the availability of information through professional contacts may
lead to more likely placement in an IRH than SNF. Acculturation and health practices
among racial/ethnic groups must be considered important in the investigation of health care
disparities in health care delivery and outcomes. Recent research by Gordon [22] in this
health system, in which the author investigated educational level and race/ethnicity and
health practices, suggests that differences in health status cannot be fully explained by
differences in age and educational attainment within racial-ethnic groups.

Social and cultural factors, such as the number of caregivers available to secure a discharge
plan for IRH placement, may be important determinants of sites of care after stroke. For
certain populations, the culturally associated shame of placement in a long-term care facility
may be operative in the process of decisions by patients and families about placement. When
language barriers exist, choices may be uninformed or incompletely understood. For older
white women, the absence of a caregiver, attributable to the more common lack of a spouse,
partner, or other family member to provide care, may result in placement in a SNF rather
than an IRH. Further research is necessary to clarify the contribution of cultural, linguistic,
and other factors to decisions about PAC and stroke rehabilitation made by patients,
families, physicians and other care providers.

In addition, further research is necessary to investigate whether the severity of the stroke or
the rate of recovery from stroke varies across these populations. Factors other than stroke
severity may contribute to LOS and, in ongoing research of the authors, the National
Institutes of Health Stroke Scale [23] is being used as an impairment measure so that groups
can be stratified for further investigation of disparities and outcomes.

Kaiser Permanente health system’s regional and national offices have dedicated substantial
resources to the identification and elimination of health care disparities through national and
regional initiatives and research [24]. This study will provide the basis for subsequent
research and programmatic initiatives to further understand and ameliorate health care
disparities within the health system. Geographic factors obviously played a role in access to
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care in our study, ie, the greater access to SNF beds than IRH beds in rural areas and areas
not as close to the IRH facility, even though it was centrally located. The number of IRH
beds in contrast to available SNF beds did play a role, as predicted, in the numbers of
patients served in these settings [25].

The findings in this study may not be generalizable to other health systems or other
geographic regions. Differences among fee-for-service and managed health care in both
utilization and outcomes of stroke patients have been demonstrated in previous studies [26].
Racial/ethnic disparities in the delivery of health care services have been demonstrated to
vary geographically, and variation in care practices do not fully explain these disparities
[27]. Further identification and investigation of provider and patient characteristics
(including patient severity of illness and co-morbidities) within a health system such as this
one will be necessary to fully explain the reasons for these disparities. Ethnic designations
within data sets may be fraught with errors as the result of misclassifications and missing
data, resulting in limitations to research in disparities. This problem is one that is identified
in other health care systems such as the Veterans Administration system [28]. In addition,
the racial/ethnic groupings are quite broad in this and other studies (particularly for Asian
and Hispanic populations), and further studies of subpopulations would be useful to identify
the role of cultural and linguistic factors that may influence patient choice and access to
rehabilitation services among these diverse groups.

As Buntin points out, nonclinical factors clearly affect PAC utilization, and access to care
may be caused by a lack of clinical consensus about care pathways and appropriate settings
of care as well as financial factors [29]. The system under study here is a health system with
prepayment financing and capitated rate-setting for Medicare populations, a quite different
system of care from most systems in the United States. In addition, the population includes
non-Medicare members. Access to care may be influenced by geographic factors,
availability of beds for institutional care in IRH and SNF, or other types of care. The direct
influence of these factors could not be determined.

When compared with other studies that included Medicare beneficiaries, the rates of
treatment in IRH in our health system are lower (11.8%, range, 10.6–13.0 over the time
period), with the percentages in three other Medicare studies being 16.2% [30], 26.7% [31],
and 21.1% [32]. The authors of these studies also acknowledge the challenges related to
investigating the delivery of PAC in multiple settings, and the effects of changes in payment
systems that may be influencing decision-making in other health systems during the period
of this study.

The reasons for, or the effects of, these differences in utilization is beyond the scope of this
study. Clearly, more research is needed to determine the best care settings and care
pathways for patients with stroke [33]. Further research into the reasons for variation in care
delivery and utilization among culturally and otherwise-diverse populations must address
patient and family characteristics, as well as physician/other provider, facility, health
system, and financial factors that contribute to decision-making and outcomes after stroke.
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Figure 1.
Health plan, medical group, health plan relationships.
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Figure 2.
Stroke levels of care.
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Figure 3.
Map of the study’s medical service areas, Northern California region.
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Table 3

Logistic regression using “Ever Received IRH” as the outcome variable

Variables P Value Estimated Odds Ratio 95% Confidence Interval

All patients

 Age <.0001 0.97 0.97–0.98

 Sex: female (reference: male) <.0001 0.70 0.62–0.79

 Hemorrhagic stroke (reference: ischemic stroke) .0073 0.78 0.65–0.94

 Acute care LOS <.0001 1.14 1.12–1.15

 KP service area (reference: capital)

  Central CA* – – –

  East Bay <.0001 1.90 1.55–2.33

  Golden Gate <.0001 1.74 1.42–2.13

  North East Bay <.0001 2.37 1.95–2.87

  South Bay .0040 1.34 1.10–1.64

With hemorrhagic stroke

 Age .0694 0.99 0.99–0.99

 Sex <.0001 0.50 0.37–0.68

 Race/ethnicity (reference: white)

  Asian .0163 1.60 1.09–2.34

  Black .7288 0.91 0.53–1.57

  Hispanic .4879 1.21 0.70–2.10

 Median household income (Reference: >$80,000)

  0–$40,000 .0005 0.40 0.24–0.67

  $40,000–$80,000 .0043 0.60 0.42–0.85

 Acute care LOS <.0001 1.10 1.10–1.10

 KP service area (reference: capital)

  Central CA* – – –

  East Bay .0502 1.74 1.00–3.04

  Golden Gate .1899 1.44 0.84–2.46

  North East Bay .0011 2.39 1.42–4.04

  South Bay .9724 0.99 0.65–1.52

With ischemic strokes

 Age <.0001 0.97 0.96–0.97

 Sex: female (reference: male) <.0001 0.77 0.67–0.88

 Acute care LOS <.0001 1.17 1.15–1.19

 KP service area (reference: capital)

  Central CA* – – –

  East Bay <.0001 1.79 1.43–2.24

  Golden Gate <.0001 1.66 1.33–2.07

  North East Bay <.0001 2.24 1.81–2.76

  South Bay .0040 1.41 1.12–1.78

*
No patient at KP Central CA region received IRH during the 1-year follow-up.
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Table 4

Logistic regression using “Ever Received SNF” as the outcome variable

Variables P Value Estimated Odds Ratio 95% Confidence Interval

All patients

 Age <.0001 1.05 1.05–1.06

 Sex: female (reference: male) .0046 1.13 1.04–1.23

 Median household Income (reference: >$80,000)

  0–$40,000 .0232 1.18 1.02–1.36

  $40,000–$80,000 .5036 1.04 0.92–1.17

 Hemorrhagic stroke (reference: ischemic stroke) .0002 0.78 0.68–0.89

 Acute care LOS <.0001 1.16 1.14–1.17

 KP service area (reference: Capital)

  Central CA .0020 0.72 0.59–0.89

  East Bay <.0001 1.59 1.39–1.82

  Golden Gate .0312 1.16 1.01–1.32

  North East Bay .0046 0.82 0.72–0.94

  South Bay .0005 0.78 0.68–0.90

 Year of acute care discharge (reference: 2003)

  1996 <.0001 1.84 1.55–2.18

  1997 <.0001 1.81 1.52–2.16

  1998 <.0001 1.61 1.37–1.91

  1999 <.0001 1.57 1.33–1.84

  2000 .2599 1.10 0.93–1.29

  2001 .7641 1.03 0.87–1.20

  2002 .4848 1.06 0.90–1.24

With hemorrhagic stroke

 Age <.0001 1.06 1.05–1.07

 Acute care LOS <.0001 1.08 1.06–1.11

 KP service area (reference: Capital)

  Central CA .0518 0.54 0.29–1.00

  East Bay <.0001 2.35 1.59–3.48

  Golden Gate .3742 1.18 0.82–1.70

  North East Bay .0494 1.49 1.00–2.21

  South Bay .0037 0.64 0.47–0.86

 Year of acute care discharge (reference: 2003)

  1996 .0032 2.04 1.27–3.29

  1997 .0024 2.14 1.31–3.49

  1998 .0024 1.95 1.27–3.00

  1999 .0096 1.73 1.14–2.62

  2000 .4028 1.20 0.78–1.83

  2001 .1033 1.42 0.93–2.15

  2002 .9546 0.99 0.64–1.53
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Variables P Value Estimated Odds Ratio 95% Confidence Interval

With ischemic stroke

 Age <.0001 1.05 1.05–1.05

 Sex: female (reference: male) <.0001 1.21 1.10–1.32

 Median household income (Reference: 80,000)

  0–$40,000 .0007 1.31 1.12–1.52

  $40,000–$80,000 .0765 1.12 0.99–1.27

 Acute care LOS <.0001 1.22 1.20–1.24

 KP service area (reference: Capital)

  Central CA .0022 0.71 0.57–0.88

  East Bay <.0001 1.48 1.28–1.71

  Golden Gate .1148 1.12 0.97–1.29

  North East Bay .0002 0.76 0.66–0.88

  South Bay .0717 0.86 0.74–1.01

 Year of acute care discharge (reference: 2003)

  1996 <.0001 1.83 1.52–2.20

  1997 <.0001 1.74 1.44–2.11

  1998 <.0001 1.60 1.33–1.91

  1999 <.0001 1.55 1.30–1.84

  2000 .3450 1.09 0.91–1.30

  2001 .7126 0.97 0.81–1.15

  2002 .5558 1.05 0.88–1.25
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Table 5

Ordinal logistic regression using highest level of PAC received as the outcome

Variables P Value Estimated Odds Ratio 95% Confidence Interval

All patients

 Age <.0001 1.03 1.03–1.04

 Sex: female (reference: male) .0092 1.09 1.02–1.17

 Race/ethnicity (reference: white)

  Asian .0035 1.21 1.06–1.37

  Blacks .0112 1.16 1.03–1.31

  Hispanic .6281 1.03 0.91–1.18

 Acute care LOS <.0001 1.18 1.16–1.19

 Hemorrhagic stroke (reference: ischemic stroke) <.0001 0.65 0.58–0.72

 KP service area (reference: Capital)

  Central CA <.0001 0.65 0.56–0.77

  East Bay <.0001 1.33 1.18–1.49

  Golden Gate .0273 1.13 1.01–1.25

  North East Bay .1682 1.08 0.97–1.20

  South Bay .0016 0.84 0.75–0.93

 Year of acute care discharge (reference: 2003)

  1996 <.0001 1.57 1.37–1.81

  1997 <.0001 1.49 1.29–1.73

  1998 <.0001 1.38 1.21–1.58

  1999 <.0001 1.41 1.24–1.61

  2000 .0004 1.26 1.11–1.44

  2001 .0178 1.17 1.03–1.33

  2002 .2389 1.08 0.95–1.23

With hemorrhagic stroke

 Age <.0001 1.04 1.03–1.05

 Sex: female (reference: male) .0552 0.84 0.70–1.00

 Median household income (reference: >$80,000)

  0–$40,000 .0076 0.66 0.49–0.90

  $40,000–$80,000 .0156 0.74 0.58–0.95

 Acute care LOS <.0001 1.08 1.06–1.11

 KP service area (reference: Capital)

  Central CA .0585 0.62 0.38–1.02

  East Bay <.0001 1.92 1.39–2.66

  Golden Gate .0291 1.41 1.04–1.91

  North East Bay .0022 1.69 1.21–2.37

  South Bay .0679 0.79 0.61–1.02

With ischemic stroke

 Age <.0001 1.03 1.03–1.03

 Sex: female (reference: male) .0001 1.16 1.08–1.25
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Variables P Value Estimated Odds Ratio 95% Confidence Interval

 Race/ethnicity (reference: whites)

  Asian .1436 1.12 0.96–1.29

  Blacks .0096 1.19 1.04–1.35

  Hispanic .9136 1.01 0.87–1.17

 Median household income (reference: >$80,000)

  0–$40,000 .0048 1.21 1.06–1.37

  $40,000–$80,000 .0983 1.09 0.98–1.21

 Acute care LOS <.0001 1.23 1.21–1.25

 KP service area (reference: Capital)

  Central CA <.0001 0.60 0.51–0.72

  East Bay .0006 1.25 1.10–1.42

  Golden Gate .1115 1.10 0.98–1.24

  North East Bay .8493 1.01 0.90–1.14

  South Bay .4165 0.95 0.83–1.08

 Year of acute care discharge (reference: 2003)

  1996 <.0001 1.63 1.40–1.91

  1997 <.0001 1.52 1.30–1.79

  1998 <.0001 1.41 1.21–1.64

  1999 <.0001 1.45 1.26–1.68

  2000 .0005 1.29 1.12–1.50

  2001 .0898 1.13 0.98–1.31

  2002 .3722 1.07 0.92–1.23
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