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Abstract
Background—Stroke affects over 500,000 older persons each year in the United States, but no
studies have compared older stroke patients in Medicare health maintenance organizations (HMO)
and fee-for-service (FFS) after recent changes in FFS reimbursement.

Objectives—To compare utilization and outcomes following stroke in Medicare HMO and FFS.

Design—Administrative data in 11 regions from Medicare and a large national health plan.

Subjects—Medicare beneficiaries 65 years and older discharged with ischemic stroke during 1998–
2000. 4,816 HMO patients and a random sample of 4,187 FFS patients from 422 hospitals.

Measures—Survival, rehospitalization, length of stay, discharge destination, and warfarin use.

Results—Overall, HMO patients were younger, male, non-Caucasian, with fewer comorbid
conditions. When compared to FFS patients, HMO patients were more likely to be rehospitalized
within 30 days for a primary diagnosis of ischemic stroke (Adjusted Hazard Ratio=1.45, 95%
Confidence Interval=1.14–1.83) or ill-defined conditions (e.g., rehabilitation services) (2.87, 1.85–
4.46) and less likely to be rehospitalized for fluid and electrolyte disorders (0.54, 0.34–0.87) or
circulatory/respiratory problems (0.77, 0.60–0.98). There were no consistent differences in 30-day
mortality or in 1-year rehospitalization or mortality for 30 day survivors. HMO patients were also
much less likely to be discharged to rehabilitation facilities, slightly less likely to be discharged to
skilled nursing facilities and to have a shorter length of stay, and did not differ in the use of home
care services or warfarin use when compared to FFS patients.

Conclusions—Traditional measures of quality such as 30-day rehospitalization may not be valid
when comparing HMO and FFS patients if differences might reflect an alternative service mix.
Utilization of post-acute care for FFS patients appears similar to HMO patients except for discharge
to rehabilitation facilities.

Introduction
Stroke affects over 500,000 older persons each year in the United States and costs at least $53
billion annually,1 but no recent studies have compared outcomes for older stroke patients in
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Medicare health maintenance organizations (HMO) and fee-for-service (FFS). In particular,
recent changes in financing for post-acute care have made previous studies less applicable as
stroke constitutes the largest category of patients receiving post-acute care in inpatient
rehabilitation facilities2 and a large proportion of patients in subacute rehabilitation facilities.
3 These changes include revisions to Medicare FFS reimbursement in 1997 and 1999 to address
large increases in post-acute care Medicare expenditures and increases in early hospital
transfers to post-acute settings that occurred during the 1990’s.4, 5 At the same time, many
HMOs restructured their financial arrangements with providers.6

Studies conducted prior to these changes in financing had mixed conclusions on whether
outcomes differed for stroke patients in Medicare HMO and FFS, although utilization patterns
did differ. No differences in mortality7 or rehospitalization8 were found for Medicare stroke
patients enrolled in HMOs and traditional FFS although Medicare HMO stroke patients who
received rehabilitation in a nursing or rehabilitation facility had poorer functional outcomes
and subsequent community residence rates compared to FFS patients.9 However, HMO
patients with acute stroke have predominantly lower utilization, including shorter inpatient
stays,8, 10 reduced use of in-hospital neurology care,11 lower likelihood of discharge to
rehabilitation facilities, and greater likelihood of discharge to skilled nursing facilities (SNFs).
7 Stroke patients receiving post-discharge rehabilitation also had lower rehabilitation intensity
and less specialty care when enrolled in Medicare HMOs.9 We use more recent data (1998–
2000) to investigate the relationship of HMO membership to rehospitalization and survival for
Medicare stroke patients.

Methods
Population and Sampling

We identified Medicare beneficiaries 65 years of age and older discharged with acute ischemic
stroke during 1998–2000 in 11 metropolitan regions of the country. Patients were included in
the sample if they had an International Classification of Diseases, 9th edition (ICD-9) diagnosis
code of 434 or 436 in the first position on the discharge diagnosis list from an acute care
hospitalization, which has been found to accurately identify acute ischemic stroke in 89–90%
of cases.12 If a patient had more than 1 acute ischemic stroke discharge over the study period,
1 discharge was randomly selected as the index hospitalization. We chose a random
hospitalization so that the effects of both right- and left-censoring (also known as the waiting
time paradox) would, on average, offset one another.13, 14

We obtained HMO data from a large national managed care organization and FFS data from
the Centers for Medicare and Medicaid Services. HMO data included patients who were
enrolled in 11 Medicare Plus Choice plans serving 93 metropolitan counties primarily in the
eastern half of the United States (N = 4,816 patients with acute ischemic stroke in 422
hospitals). Comparable data were obtained for all FFS patients discharged with acute ischemic
stroke in the same counties. After stratification by county, a random sample was drawn of 4,187
FFS stroke patients discharged from the same 422 hospitals as the HMO patients. This design
accounts for the possibility that hospitals contracting with this HMO differed in unobserved
characteristics that may bias our results. This study was approved by the Institutional Review
Board at the University of Wisconsin.

Data Extraction
We obtained enrollment data and final institutional and physician/supplier claims for all study
patients from 1 year prior to their index hospital admission date to 1 year after their index
hospital admission date. Both HMO and FFS patients had claims submitted using identical
forms.15, 16 For HMO patients, we also obtained enrollment and disenrollment data and all
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claims submitted to the HMO from out-of-network facilities. For both FFS and HMO patients,
we obtained the Medicare denominator file to determine age, sex, race, zip code, Medicaid
enrollment, and date of death. This file was used to exclude FFS beneficiaries who were missing
Medicare Part A or Part B coverage, had end-stage renal disease, received railroad retirement
benefits, or were enrolled in an HMO at any point from 1 year prior to their index hospitalization
to 1 year after that date. HMO beneficiaries with end-stage renal disease were also excluded.

Variables
The main dependent variables were the time in days from index hospital admission to death or
to the next admission in an acute care hospital (“rehospitalization”). Rehospitalization excluded
admission to a rehabilitation facility or the inpatient rehabilitation unit of an acute care hospital.
Additional dependent variables included discharge destination and length of stay for the index
admission. We obtained discharge destination from facility and non-facility claims that
occurred within 1 day of the index hospitalization discharge date. Using subsequent facility
claims, we identified patients discharged to rehabilitation facilities (freestanding or inpatient
unit), SNFs, or hospice. We used the place of service code on subsequent physician claims to
identify patients discharged to other facilities (e.g., intermediate care or custodial care
facilities). Remaining patients were categorized as either home with home care claims within
30 days after the stroke admission date (or prior to rehospitalization if rehospitalization
occurred within 30 days) or home with no home care claims. Length of stay (measured in days)
was empirically categorized into approximate quintiles and rounded to the next whole number.
Use of warfarin after discharge was proxied by outpatient claims for prothrombin time
tests17 within 30 days after the stroke admission date (or prior to rehospitalization if
rehospitalization occurred within 30 days).

The primary diagnoses for rehospitalization were categorized using the Agency for Healthcare
Research and Quality (AHRQ) Clinical Classification Software (CCS).18 Briefly, we
examined the Level 1 CCS groupings to identify large categories of rehospitalization (e.g., 7
– disease of the circulatory system). If there were more than 100 individuals in a Level 1
category, the Level 2 groupings were examined to determine if sufficient numbers existed to
partition by Level 2 groupings (e.g., 7.3 – cerebrovascular disease). A similar strategy was
undertaken to identify Level 3 groupings (7.3.1 – acute cerebrovascular disease). We combined
categories indicating any type of infection or aspiration pneumonia and combined “respiratory
disease other than aspiration” and “circulatory disease other than heart.”

We included individual and neighborhood sociodemographic characteristics as potential
control variables. Individual characteristics included age, gender, race, the year of the index
hospital admission, and an indicator identifying beneficiaries with low to modest income who
are fully enrolled in Medicaid or receive some help with Medicare cost-sharing through
Medicaid. Zip+4 data were used to link patient data to the corresponding Census 2000 block
group and obtain neighborhood socioeconomic characteristics including percent over 24 years
of age with college degree and percent below poverty line.19

It is critical to control for pre-existing differences in comorbidity between HMO and FFS
patients. We identified 30 comorbid conditions that incorporated information from the index
hospitalization, all hospitalizations during the prior year, and all physician claims during the
prior year using methods proposed by Elixhauser, et al.,20 and Klabunde, et al.21 Of these, we
included 13 comorbidities present in over 5% of our sample. We also coded the following:
dementia,22 recurrent stroke,23 and concurrent cardiac events (acute myocardial infarction,
unstable angina pectoris, coronary artery bypass graft, and cardiac catheterization).24 We
conducted sensitivity analyses on our definition of comorbidity variables by separately
examining the 60% of HMO patients who had a full prior year of enrollment and the 80% of
HMO patients who had a full prior 6 months of enrollment. Conclusions did not change and
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we used comorbidity variables constructed from the full prior year of data. Four indicator
variables were used to represent disease severity during the index hospitalization, including
mechanical ventilation (Current Procedural Terminology (CPT) codes 94656, 94657; ICD-9
96.7x),25 placement or revision of a gastrostomy tube (CPT 43750, 43760, 43761, 43832,
43246; ICD-9 43.11), hemiplegia and hemiparesis (ICD-9 342.xx), and residual neurological
deficits (ICD-9 345.40–345.51, 345.80–345.91 (epilepsy), 348.1 (anoxic brain damage),
348.3x (encephalopathy), 780.3x (convulsions), 784.3 (aphasia)).

Analysis
Cox regression was used to examine the relationship of HMO membership to rehospitalization
and mortality using hazard ratios and 95% confidence intervals.26 Because death is a
competing risk for rehospitalization (i.e., a patient cannot be rehospitalized after they have
died), patients who died were censored in the rehospitalization model at the date of death.
However, the converse is not true, as a patient may die after rehospitalization. A small number
of patients were both rehospitalized and subsequently died. These patients contributed to both
the rehospitalization and mortality models. HMO patients who disenrolled were censored at
their disenrollment date. Because 28% of the HMO patients disenrolled within 30 days of their
stroke, we conducted sensitivity analyses to examine the possible impact of informative
censoring by re-executing analyses under the two most extreme assumptions about censored
cases (that all disenrollees are either rehospitalized immediately after disenrolling or that no
disenrollees are rehospitalized).26 Our conclusions remained similar under both assumptions.
Since HMO membership showed evidence of non-proportional hazard ratios over time,26 we
present hazard ratios separately for 30-day outcomes as well as outcomes during the subsequent
11 months for 30-day survivors. Outcomes during the subsequent 11 months are presented
conditional on rehospitalization during the first 30 days.

Because length of stay, discharge destination, and our proxy for warfarin use might be
influenced by HMO membership and subsequently influence rehospitalization and mortality,
these variables were analyzed separately. Adjusted predicted probabilities and bootstrapped
confidence intervals are presented. These variables were then included in sequential logistic
regression models to examine whether they explained rehospitalization during the first 30 days.
Analyses included 8,098 patients discharged alive within 30 days (excluding 217 patients
discharged to hospice and 30 patients discharged to facilities other than rehabilitation and
SNFs).

Analyses were conducted using SAS version 8.027 and Stata version 7.0.28 All confidence
intervals and significance tests were significant at P < 0.05 and were calculated using robust
estimates of the variance that allowed for clustering of patients within hospitals. Models
included age (65–69 years, 70–74 years, 75–79 years, 80–85 years, and 85+ years), female,
race (Caucasian, African American, and Other), Medicaid, year of index hospital admission
(1998, 1999, and 2000), % of the census block group aged 25+ with college degrees, % of
persons in the census block group below the poverty line, geographic region, prior stroke,
cardiac arrhythmias, congestive heart failure, chronic pulmonary disease, uncomplicated
diabetes, complicated diabetes, hypertension, fluid and electrolyte disorders, valvular disease,
peripheral vascular disorders, hypothyroidism, solid tumor without metastasis, deficiency
anemias, depression, dementia, concurrent cardiac events, mechanical ventilation, gastrostomy
tube, hemiplegia/hemiparesis, and residual neurological deficit.

Test for Exogeneity of HMO Membership
Because HMO membership may be endogenous, we conducted a test for exogeneity utilizing
bivariate probit regressions29 that simultaneously predict both the outcome of interest and
HMO membership using all individual sociodemographic, prior medical history, and disease
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severity variables. If the correlation between the error terms of the two equations (“rho”) is not
significant, we cannot reject the hypothesis that HMO membership was exogenous for these
outcomes. The p-values for the Wald test of rho were: 30-day mortality = 0.043; 30-day
rehospitalization = 0.973; 1-year mortality for 30-day survivors not rehospitalized within 30
days = 0.235; 1-year mortality for 30-day survivors rehospitalized within 30 days = 0.352; 1-
year rehospitalization for 30-day survivors not rehospitalized within 30 days = 0.981; 1-year
rehospitalization for 30-day survivors rehospitalized within 30 days = 0.587. With the
exception of 30-day mortality, we could not reject the hypothesis that HMO membership was
exogenous and therefore present the results of the Cox regression models. For 30-day mortality,
we also present results from the bivariate probit model.

Results
Descriptive Characteristics

Overall, HMO patients were younger, more likely to be male and non-Caucasian, and less
likely to have comorbid conditions (Table 1). HMO patients lived in census block groups with
a higher average percentage of individuals below the poverty line and with a lower average
percentage of adults with a college degree. They were significantly less likely to have residual
neurological deficits, but did not differ from FFS patients with respect to other measures of
disease severity. HMO and FFS patients were equally likely to have a prior stroke or concurrent
cardiac event, but HMO patients were less likely to have other comorbidities with one
exception. HMO patients were more likely to have uncomplicated diabetes, while FFS patients
were more likely to have complicated diabetes.

Survival and Rehospitalization
Within 30 days, there was no consistent difference between HMO and FFS patients in mortality
risk but HMO patients were more likely to be rehospitalized when compared to FFS patients
(Figure). Fourteen percent of HMO patients died within 30 days compared to 16% of FFS
patients, while 15% of HMO patients were rehospitalized compared to 13% of FFS patients.
In unadjusted Cox regression models (data not shown), HMO patients were 13% less likely to
die (Hazard Ratio (HR) = 0.87, 95% Confidence Interval (CI) = 0.78–0.97) within 30 days
when compared to FFS patients and 16% more likely to be rehospitalized at a borderline level
of statistical significance (1.16, 0.99–1.35). After adjustment, the difference in mortality was
reduced substantially while the difference in rehospitalization increased slightly; HMO patients
did not differ in the likelihood of dying and were 29% more likely to be rehospitalized.

Because we rejected the hypothesis that HMO membership was exogenous for 30-day
mortality, we present results from a bivariate probit model. In this model, the p-value for the
Wald test of rho was 0.04, which suggests that HMO membership was endogenous.
Furthermore, the value of rho was negative (−0.69) indicating that the estimated effect of HMO
membership was biased toward zero. Because the coefficient for HMO membership was
positive and significant in this model (probit coefficient=1.17; p-value=0.001), this analysis
suggested that HMO membership was associated with an increased likelihood of mortality at
30 days.

There were no differences in survival and rehospitalization in the subsequent 11 months for
30-day survivors (Figure). For 30-day survivors, 18% of HMO patients died within the
subsequent 11 months compared to 23% of FFS patients, while 37% of HMO patients were
rehospitalized within the subsequent 11 months compared to 47% of FFS patients. Among 30
day survivors who had not been rehospitalized, unadjusted models suggested that HMO
patients were 22% less likely to die (0.78, 0.69–0.87) and 17% less likely to be rehospitalized
(0.83, 0.77–0.90) during the subsequent 11 months when compared to FFS patients, but these
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differences disappeared after adjustment. Among 30 day survivors who had been
rehospitalized, unadjusted analyses suggested that HMO patients were also less likely to die
(0.71, 0.57–0.90) and less likely to be rehospitalized at a borderline level of statistical
significance (0.84, 0.71–1.00) during the subsequent 11 months, but again these differences
disappeared after adjustment.

Length of Stay, Discharge Destination, and Warfarin Use
After adjustment, there were differences in both length of stay and discharge destination for
HMO and FFS patients who were discharged alive within 30 days (Table 2), but no differences
in the use of warfarin (as proxied by outpatient claims for prothrombin time tests). HMO
patients were slightly more likely to have a hospital stay of only 1–2 days when compared to
FFS patients (19% vs. 16%) and slightly less likely to have a stay of more than 7 days (18%
vs. 20%). However, differences were greater for discharge destination. HMO patients were
more likely to be discharged home without home care when compared to FFS patients (42%
vs. 31%), and noticeably less likely to be discharged to rehabilitation facilities (15% vs. 24%).
HMO patients were also slightly less likely to be discharged to SNFs (27% vs. 29%).

When limited to patients discharged alive within 30 days, including length of stay and our
proxy for warfarin use in our rehospitalization model did not change our conclusions but
including discharge destination partially explained the increased risk of rehospitalization for
HMO patients during the first 30 days. Our adjusted base model suggested that HMO patients
had a 28% increased likelihood of rehospitalization within 30 days when compared to FFS
patients (1.28, 1.08–1.52). When length of stay was added to this base model, the hazard ratio
did not change. When both length of stay and discharge destination were added to the base
model, the risk of 30-day rehospitalization decreased (1.19, 1.01–1.39), suggesting that
discharge destination may partially explain the relationship between HMO membership and
30-day rehospitalization. Discharge to home with home care, to a rehabilitation facility, or to
a SNF were all associated with substantially lower risk of 30-day rehospitalization when
compared to discharge home without home care. The subsequent addition of our proxy for
warfarin use did not change the hazard ratio.

Diagnosis-specific 30-day rehospitalization
For these ischemic stroke patients, the risk of rehospitalization during the first 30 days differed
between HMO and FFS patients for 4 of 8 primary diagnosis categories (Table 3). After
adjustment, HMO patients were 34% more likely to be hospitalized for acute cerebrovascular
disease when compared to FFS patients; the hazard ratio changed little after adjustment for
discharge destination. We examined whether these increased rehospitalizations were due to
ischemic events (ICD-9 codes 434 and 436; N=342) or hemorrhagic events (ICD-9 codes 431
and 432; N=56). HMO patients were 45% more likely to be rehospitalized for ischemic events
(adjusted HR = 1.45, 95% CI = 1.15–1.84) but not more likely to be rehospitalized for
hemorrhagic events (1.13, 0.59–2.18).

HMO patients were also 187% more likely to be rehospitalized for symptoms, signs, and ill-
defined conditions. This result was primarily driven by 138 (of 140) HMO patients in this
category who had a primary diagnosis code for rehabilitation services (V57.xx; N=127) or
other specified aftercare (V58.89; N=11). For these HMO patients, the median length of stay
for rehabilitation services (6 days) was 7–9 days shorter than for HMO and FFS patients who
received rehabilitation services in an identified rehabilitation facility or inpatient rehabilitation
unit (13 days and 15 days, respectively). We further examined these patients in an attempt to
confirm their location and their primary diagnosis. Of these 138 patients, none had a
rehabilitation room and board code while 38% had a secondary diagnosis code for acute
ischemic stroke (ICD-9 codes 434 or 436).
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In contrast, HMO patients were 20% less likely to be rehospitalized for “other” conditions.
This was primarily related to rehospitalizations for fluid and electrolyte disorders (ICD-9 code
276; N=115). Specifically, HMO patients were 46% less likely to be rehospitalized for fluid
and electrolyte disorders (0.54, 0.34–0.87) when compared to FFS patients. HMO patients
were also 23% less likely to be rehospitalized for “respiratory disease other than infection/
aspiration and circulatory disease other than heart.”

Discussion
Although HMO patients in our study appeared to be younger and healthier, they were more
likely to be rehospitalized with 30 days with a primary diagnosis for ischemic stroke or
rehabilitation services and less likely to be rehospitalized for fluid/electrolyte disorders and
other circulatory/respiratory problems. There were no differences in rehospitalization over the
subsequent 11 months for 30-day survivors and no difference in survival at any time point with
the possible exception of 30-day mortality. HMO patients had slightly shorter lengths of stay,
were more likely to be discharged home without home care, were much less likely to be
discharged to rehabilitation facilities, were slightly less likely to be discharged to SNFs, and
did not differ in apparent warfarin use after discharge when compared to FFS patients. Length
of stay, discharge destination, and apparent warfarin use did not explain differences in risk of
rehospitalization.

Although rehospitalization shortly after discharge has been considered a valid measure of
quality of care,30 our data suggest that rehospitalization can not be used to compare quality
for HMO and FFS patients. Because FFS patients were more likely to be discharged to
rehabilitation facilities, the higher intensity services in a rehabilitation facility may obviate the
need for minor hospitalizations for early stroke-related issues. In contrast, HMOs sent a higher
proportion of patients home and may be appropriately rehospitalizing patients who developed
these same issues. HMOs may also be substituting shorter acute care stays for rehabilitative
services for longer stays in freestanding rehabilitation facilities or inpatient rehabilitation units,
although it is also possible that the primary diagnosis or some other aspect of these stays was
miscoded and that they represent readmissions for another condition (e.g., an early stroke-
related problem). In either case, it would be inappropriate to assume that these changes in
service mix automatically lead to poorer quality care.

The potential for HMOs to achieve cost savings through substitution of cheaper but equivalent
post-acute care alternatives is a topic of perennial interest in health services research.31, 32
However, the federal government has also focused on reducing costs for post-acute care
through changes in Medicare FFS reimbursement policies.33 During our study, these included
an “interim payment system” for home health care and rehabilitation facilities (implemented
October 1997), a hospital-to-post-acute-care transfer payment methodology (October 1998),
as well as prospective payment systems for SNF care (July 1998) and home health care (October
2000). As would be expected after 1997, home health care use for Medicare FFS patients
decreased significantly, SNF use stopped increasing and remained stable, and inpatient
rehabilitation facility use continued to increase,33 although there were only modest reductions
in the transfer rate to post-acute care.34 Our results would be consistent with the conclusion
that FFS reimbursement changes for home health care and SNFs were causing FFS patterns of
care to more closely mimic HMO patterns of care. We also found no evidence that home health
care substituted for the use of rehabilitation facilities for HMO patients (which has been
suggested as a potential cost-saving mechanism35), although it is possible that HMO patients
were more likely to receive ambulatory rehabilitation services through other settings.32

We could not determine the cause of increased rehospitalizations for ischemic stroke (which
may be a recurrent new ischemic stroke or an early stroke-related issue as a consequence of
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the index event) or decreased rehospitalizations for fluid and electrolyte disorders. However,
differences in HMO management strategies or the underlying severity of comorbidities may
play a role. Anticoagulation with warfarin reduces the risk of recurrent stroke,36 and is known
to be underused in the elderly,37 although we found no difference in the apparent use of
warfarin between HMO and FFS patients. The reduced likelihood of fluid and electrolyte
disorders may be due to the lower percentage of HMO patients with uncomplicated diabetes.
While we controlled for complicated versus uncomplicated diabetes, it is possible that residual
confounding in diabetes severity may remain and explain this difference. It is also possible that
HMO management strategies may increase early diagnosis of these disorders, leading to
effective outpatient care and avoidance of rehospitalization.

Studies using administrative data have inherent limitations.38 Diagnosis and procedure codes
from administrative data are potentially problematic--we therefore used codes that have been
shown to identify ischemic stroke. However, in any study using administrative data, there will
still be some misclassification of stroke patients. By using the primary discharge diagnosis
code, we may bias the sample toward more benign outcomes as non-primary position patients
have a larger comorbidity burden and higher 30-day case-fatality.39 Our approach will increase
the homogeneity of the HMO and FFS samples but may lead us to underestimate outcomes
compared to the entire population of stroke patients. There is also potential for differential
misclassification of stroke patients in the HMO and FFS samples, most likely due to differences
in hospital coding related to financial incentives. The implementation of Diagnosis Related
Groupings (DRGs) was associated with a shift in coding of the primary diagnosis for ischemic
stroke patients from 436 to 434,40 although this would not affect our sample definition that
combined 434 and 436 codes.

As in other studies, HMO patients in this study appeared to be both younger and have
significantly fewer comorbid conditions,41 suggesting that poorer baseline health does not
explain the increased risk of hospitalization within 30 days for acute ischemic stroke (which,
again, may be either a recurrent new ischemic stroke or an early stroke-related issue).
Nevertheless, it is critical to note that unmeasured differences between HMO and FFS patients
may still explain our results. Given the administrative nature of the data and the small observed
differences for a single short-term outcome, residual confounding may be an equally likely
explanation for our findings instead of a true difference between HMO and FFS care. For
example, even though HMO patients have fewer comorbidities, we could not address whether
existing comorbidities might be more or less severe for HMO patients (with the exception of
diabetes). There may also be differential coding of comorbidities between HMO and FFS
patients. This may be less likely in our study as HMO patients had claims submitted from
hospitals and physicians using identical forms to FFS patients.15, 16 Nonetheless, if HMO
patients are more likely to have systematic undercoding of comorbidities, we may have been
unable to completely control for differences in case-mix.

Other unmeasured differences between HMO and FFS patients might also explain our results
(e.g., preferences for care or functional status). For example, HMO patients in this study were
more likely to be non-Caucasian and may be less likely to pursue discharge to nursing homes.
42 Although we controlled for race, other factors (e.g., cultural norms that are heterogeneous
even within racial categories) may be relevant.43 To address these concerns, we conducted
tests for exogeneity of HMO membership using bivariate probit models. With the exception
of 30-day mortality, we found no evidence that unmeasured variables were biasing our results
although it is important to note that this model makes a stringent (untestable) assumption and
has been criticized for its instability.44 This limits our conclusions regarding 30-day mortality.
Finally, we are also limited in that we do not have details on the intensity of treatments provided;
these potentially modifiable factors might explain some differences between HMO and FFS
patients.
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In addition, these data cannot be viewed as a random sample of the country, although they do
represent a broad array of metropolitan areas in the United States. In the absence of
standardized, national data on Medicare HMO patients, studies like this are a valuable
alternative.31, 45–47 This study utilizes data from only one HMO, albeit a large network-
model organization with multiple health plans that represents an emerging trend toward
nationally-based plans with broader networks of providers.48 However, the quality of care has
also been shown to vary across different health plans31 and might even vary within a single
health plan over time (e.g., since 2000 when our study ends). This variation may limit
generalizability and suggests that future research should focus on the specific mechanisms
which health plans differ from one another as well as over time. Finally, a PPS for inpatient
rehabilitation facility/long term care hospitals was implemented in 2002 after our study ended,
and it will be critical for future studies to compare FFS and HMO patterns of inpatient
rehabilitation use over time.

Our data have implications for research comparing HMOs and FFS patients and research
examining the impact of changes in financing on post-acute care. First, traditional measures
of quality such as 30-day rehospitalization are not valid when comparing HMO and FFS
patients if differences might reflect an alternative service mix. This potential problem is
exacerbated if overall rehospitalization rates are analyzed, thereby masking differences in
rehospitalization for specific reasons. Future research should focus on identifying additional
outcome measures of quality for comparing different health care systems (other than mortality)
as utilization measures that have been traditionally used as proxies for quality of care are likely
inappropriate. Second, our data are also consistent with the conclusion that FFS reimbursement
changes are causing FFS patterns of care to more closely mimic HMO patterns of care. Future
research should focus on directly comparing how utilization patterns for HMO and FFS patients
change over time and in response to changing financial incentives such as the implementation
of Medicare prospective payment.
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Figure.
Adjusted Hazard Ratios (HR) and 95% Confidence Intervals (95%CI) for the relationship
between health maintenance organization (HMO) versus fee-for-service (FFS) membership
and death or rehospitalization* (HMO: N=4,816; FFS: N=4,187)
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Table 2
Adjusted predicted probabilities and 95% confidence intervals (CI) for each length of stay category and discharge
destination, overall and by health maintenance organization (HMO) and fee-for-service (FFS) (N=8,098)

HMO (N=4,359) FFS (N=3,739) Total (N=8,098)

Variable Percent* 95% CI Percent* 95% CI Percent* 95% CI

Length of Stay (days)
 1–2 19 (17.4, 20) 16 (15, 17.2) 17 (17, 18)
 3 18 (17, 19) 17 (16, 18) 17 (17, 18)
 4 16 (15, 17) 16 (15, 17) 16 (15, 17)
 5–7 29 (28, 30) 31 (29, 32) 30 (29, 31)
 > 7 18 (17, 19.26) 20 (19.28, 21) 19 (18, 20)
Discharge Destination
 Home 42 (41, 44) 31 (30, 33) 37 (36, 38)
 Home care 15 (14, 17) 16 (14, 17) 16 (15, 16)
 Rehabilitation facility 15 (14, 16) 24 (23, 25) 19 (18, 20)
 Skilled nursing facility 27 (25, 28) 29 (28, 31) 28 (27, 29)
Warfarin Use 17 (16, 19) 17 (16, 18) 17 (16, 18)

*
Adjusted for age, female, race, Medicaid, % of the census block group aged 25+ with college degrees, % of persons in the census block group below the

poverty line, geographic region, prior stroke, cardiac arrhythmias, congestive heart failure, chronic pulmonary disease, uncomplicated diabetes,
complicated diabetes, hypertension, fluid and electrolyte disorders, valvular disease, peripheral vascular disorders, hypothyroidism, solid tumor without
metastasis, deficiency anemias, depression, dementia, concurrent cardiac events, mechanical ventilation, gastrostomy tube, hemiplegia/hemiparesis,
residual neurological deficit, and year of index hospitalization. Analyses were conducted on patients discharged alive within 30 days with the exclusion
of 217 patients discharged to hospice and 30 patients discharged to other facilities.
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