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POLICY

Medicare HMO Penetration and 
Mortality Outcomes of Ischemic Stroke

John Bian, PhD; William H. Dow, PhD; 
and David B. Matchar, MD

Managed care organizations adopt various mech-
anisms (eg, utilization review, gatekeeping, and
preauthorization) to control healthcare utiliza-

tion.1 These mechanisms could lead to lower intensity of
care, which has raised concerns about quality of care in
managed care.2,3 One influential study4 suggested that
older persons with chronic illnesses had worse out-
comes in managed care than their fee-for-service (FFS)
counterparts, but empirical evidence on performance of
managed care is limited overall. One methodological
challenge has been that managed care practice styles
may spill over to FFS settings as managed care penetra-
tion increases. This practice style convergence may blur

differences in outcomes between managed care and FFS
practices when comparing outcomes at an individual
level within areas.2,3,5 As a result, market-level studies6-8

of the effect of managed care penetration on market-
level outcomes should be a useful complement to the
individual-level comparisons. Although there have been
studies9-15 of the effect of managed care market penetra-
tion on quality of care, few market-level studies12,15-17

have examined the effect of managed care penetration
on outcomes.

This study examined the effect of Medicare health
maintenance organization (HMO) penetration on mor-
tality outcomes among older persons. We might hypoth-
esize ex ante that this penetration could have different
outcome effects on different diseases. In this article, we
focus on ischemic stroke (hereafter referred to as
stroke) because stroke is one of the leading causes of
morbidity and mortality in the United States18 and
because lower-intensity practice styles could be hypoth-
esized to adversely affect stroke outcomes. Stroke
requires intensive acute and postacute care that not
only improves stroke survival but also prevents recur-
rent strokes, which have lower survival rates than initial
strokes.19 Medicare requires a 3-day hospitalization
before reimbursing for postacute care. Some Medicare
HMOs, not subject to this 3-day rule, might bypass or
shorten the initial hospitalization and reduce the inten-
sity of postacute care. Although a previous market-level
study20 showed that Medicare HMO penetration was not
associated with stroke hospitalization rates, several
studies21-23 found that, compared with FFS stroke

Objective: To examine associations between Medicare health
maintenance organization (HMO) penetration and stroke mortality
outcomes among older persons.

Study Design: Panel analysis of nationally representative sec-
ondary data from 1993 to 1998.

Methods: The first analysis sample included ischemic stroke
hospitalizations among older persons in the Nationwide Inpatient
Sample; the second included county-level ischemic stroke deaths
in the National Vital Statistics System. The 2 samples were merged
with the HMO enrollment data and the 2001 Area Resource File.
The 2 outcomes were inhospital death status and county-level
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2 utilization variables were length of hospital stay for ischemic
stroke and proportion of ischemic stroke deaths occurring in hos-
pitals. The 3 key explanatory variables were county-level Medicare
total, independent practice association, and nonindependent prac-
tice association HMO penetration. Ordinary least squares analysis
with hospital or county fixed effects was used in estimation.

Results: Medicare HMO penetration was not associated with
the 2 ischemic stroke mortality outcomes (P > .05). Increases in
Medicare total and independent practice association HMO pene-
tration were associated with a significant shift in a higher propor-
tion of stroke deaths from hospitals to nursing homes or residences
(P < .05). Medicare HMO penetration was negatively associated
with length of stay, although this was not statistically significant
(P > .05).
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ated with a shift in ischemic stroke deaths from hospitals to non-
hospital settings. The effect of Medicare HMO penetration on
quality of stroke care needs further research.
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patients, managed care stroke patients received a lower
intensity of acute and postacute care. Therefore, we
postulated that increased Medicare HMO penetration
could lead to higher mortality rates for stroke. However,
the level of intensity and the quality of care may depend
on the type of HMO.14,24-26 One might expect that, in
contrast to independent practice association (IPA)
HMOs, transitions of care (eg, postacute care) may be
better coordinated and less subject to the Medicare 3-day
hospitalization rule in closed-network non-IPA (eg, staff
or group) HMOs. We further postulated that the effects
on stroke mortality may differ by Medicare IPA and non-
IPA HMO penetration.

Using the Nationwide Inpatient Sample (NIS) and
mortality data from the National Vital Statistics
System from 1993 to 1998, we examined the associa-
tions between Medicare HMO penetration and inhospi-
tal and overall population mortality rates among older
persons. Because of concern about the steady decreases
in length of hospital stay (LOS) and the proportion of
stroke deaths in hospitals during the past 2 decades in
part due to the expansion of managed care,27 we further
examined the associations between Medicare HMO pen-
etration and LOS and the proportion of stroke deaths
occurring in hospitals (vs nursing homes or residences).

METHODS

Data Sources
The main data sources were the NIS, mortality data

from the National Vital Statistics System, and HMO
enrollment files (Medicare-specific enrollment and HMO
enrollment for all ages) from 1993 to 1998. This study
period, although dated, represented a period during
which diagnostics and therapeutics for stroke care were
stable. An additional data source was the 2001 Area
Resource File, from which we extracted county-level
information on the number of neurologists per 1000
older (≥ 65 years) persons and on population counts of
older persons by demographics (ie, age and sex) from
1993 to 1998.

The NIS, part of the Agency for Healthcare Research
and Quality’s Healthcare Cost and Utilization Project,
includes discharges from a sample of hospitals repre-
senting approximately 20% of all community hospitals in
the United States. Although the Healthcare Cost and
Utilization Project tried to sample the same hospitals
over time, some hospitals were added, replaced, or
deleted each year mainly because new states participat-
ed in the project. Available information in the NIS
included primary and secondary discharge diagnoses
with the International Classification of Diseases, Ninth
Revision (ICD-9-CM) codes, inhospital death status,
LOS, patient demographics, and state or county codes.

The mortality data comprised all death certificates in
counties with populations of at least 100 000 based on
the 1990 census. Available mortality data included place
of death, underlying cause of death (ICD-9-CM code),
demographics, and state and county of residence. The
place of death variable was coded as (1) death during a
hospital inpatient, outpatient, or emergency department
visit; (2) death in a nursing home or residence; or (3)
death in another or an unknown place (about 2%). A sin-
gle cause of death was reported.

Two HMO enrollment files were used to measure
HMO penetration. The first file was the Medicare HMO
enrollment file from the Centers for Medicare &
Medicaid Services, which summarized the total number
of Medicare HMO enrollees by contract (eg, risk con-
tract) and type of HMO (ie, IPA, group, or staff) in each
county, the adjusted average per capita cost rates, and
the number of older persons eligible for Medicare Part A.
The second file was the overall HMO enrollment file,
which reported the number of HMO enrollees at the
county level. A county was considered a Medicare HMO
market. A partial justification for this market definition
was that adjusted average per capita cost rates depend-
ed on counties as key administrative market areas.

We constructed 3 county-level Medicare HMO pene-
tration measurements. Only risk contract HMO enroll-
ment data were used to measure the penetration
because risk HMOs were capitated and bore full finan-
cial risk. The first measurement was the Medicare total
HMO penetration, measured as a ratio of the total num-
ber of Medicare HMO enrollees regardless of the type of
HMO to the Medicare Part A–eligible population at the
county level. The other 2 Medicare HMO penetration
measurements were calculated in a manner similar to
that used for the Medicare total HMO penetration, using
IPA or non-IPA HMO enrollees instead of the total num-
ber of Medicare HMO enrollees. An additional HMO pen-
etration variable measured overall (all ages combined)
HMO penetration, constructed from HMO enrollment
data from the Group Health Association of America and
Interstudy (previously reported by Laurence Baker28).
We calculated overall HMO penetration as a ratio of the
total number of HMO enrollees to the total population in
each county. (For a general discussion about measuring
the county-level HMO penetration, see the 1997 article
by Baker.28)

Analysis Samples
Using the NIS and mortality data, we created 2 analy-

sis samples, which were merged with the 2 HMO pene-
tration enrollment data files and the 2001 Area
Resource File in the statistical analysis. The first sample
(discharge level), constructed from the NIS, included
stroke admissions with the primary diagnoses (ICD-9
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code 434.xx or 436.xx), age at admission of 65 years or
older, LOS of 180 days or less, and state and county
codes. The key explanatory variables were the 3
Medicare HMO penetration measurements. Patient-level
covariates included 2 dummy variables for age (65-74 as
a reference, 75-84, and ≥ 85 years), sex, and 6 selected
comorbidities.29 Three county-level time-varying covari-
ates were the overall HMO penetration, the number of
neurologists per 1000 older persons, and the adjusted
average per capita cost rates. The second sample (coun-
ty level), constructed from the mortality data, included
all stroke deaths among older persons.

Outcomes and Utilization Variables
We created 4 dependent variables in our analyses.

The first 2 variables were inhospital mortality status (1
if an inhospital death vs 0 otherwise) and LOS in the
discharge-level sample. The other 2 variables were the
proportion of stroke deaths occurring in hospitals and
the overall population stroke death rates among older
persons in the county-level sample. For each of the 6
strata identified by the 3 age categories (65-74, 75-84,
and ≥ 85 years) and sex at each county in each year, we
defined the proportion as a ratio of the number of stroke
deaths occurring in the hospital setting (ie, death during
a hospital inpatient, outpatient, or emergency depart-
ment visit) to the total number of stroke deaths, exclud-
ing stroke deaths in the other category or in an
unknown place. For each of the same 6 demographic
strata, the stroke death rate was calculated as the total
number of stroke deaths divided by the total population
in each stratum.

Statistical Models
We ran 4 sets of models, 1 for each dependent vari-

able. In each set of models, we estimated the effects of
the 3 Medicare HMO penetration measurements sepa-
rately. The main concern about estimating the effects
of Medicare HMO penetration was that uncontrolled
heterogeneity, particularly at the market level, could
yield biased estimates.

With this concern in mind, we first regressed inhos-
pital mortality status and LOS (log transformed) on
Medicare HMO penetration, using the discharge-level
sample. To minimize Medicare HMO selection biases, we
used a hospital fixed-effects specification to control for
any hospital and county-level time-invariant hetero-
geneity (eg, the “stroke belt” in the southeastern United
States). Other covariates included patient-level demo-
graphics and 6 comorbidities, 3 county-level time-vary-
ing variables, and year dummy variables. To examine
whether Medicare HMO penetration might have affected
the place of stroke death and consequently negatively

affected overall population stroke death rates, we then
regressed the proportion of stroke deaths occurring in
hospitals and overall population stroke death rates on
Medicare HMO penetration with county fixed effects,
weighted with county populations of older persons strat-
ified by age categories (65-74, 75-84, and ≥ 85 years)
and sex. Except for the 6 comorbidities, the same
covariates were used in the latter analysis.

We conducted 2 sensitivity analyses. First, the exclu-
sion of counties with populations of less than 100 000 in
the county-level sample might limit the comparability of
the results from the 2 samples, and using a county as a
Medicare HMO market might not be appropriate in
counties with sparse populations in the discharge-level
sample. Therefore, we reran the analysis of the dis-
charge-level sample, restricting the sample to counties
with populations of at least 100 000 and tested the
robustness of the estimates from the full discharge-level
sample. Second, multicollinearity problems may lead to
insignificant estimates of the effects of Medicare HMO
penetration because of potential correlations of
Medicare HMO penetration and overall HMO penetra-
tion. We reran all the analyses by removing the overall
HMO penetration variable. Ordinary least squares mod-
els (or linear probability models for the inhospital mor-
tality status variable) were used for all estimates.
Standard errors were adjusted via Huber-clustered (hos-
pital) standard errors correction in the analysis of the
discharge-level sample and via Huber standard errors
correction in the county-level sample.30,31 We used
STATA32 statistical software for all statistical analyses.

RESULTS

Characteristics of the Samples
The discharge-level sample included 365 479 stroke

hospitalizations in 1327 hospitals, located in 585 coun-
ties from 17 states. The mean descriptive statistics of
the discharge-level sample are summarized in Table 1.
The mean inhospital mortality dropped from 9.8% in
1993 to 7.6% in 1998, while the mean LOS decreased
from 9.2 to 6.4 days. Medicare total HMO penetration
grew from 8.0% in 1993 to 18.5% in 1997 and dipped to
13.9% in 1998. During the same period, Medicare IPA
HMO penetration grew at a pace similar to that of the
Medicare total HMO penetration, but Medicare non-
IPA HMO penetration grew at a slower pace. Overall
HMO penetration rose steadily from 1993 to 1998. The
comorbidities remained unchanged during the period
(data not shown).

Table 2 summarizes the mean descriptive statistics of
the county-level sample, comprising 16 003 observa-



tions in 452 unique counties during the study period.
The proportion of stroke deaths occurring in the hospi-
tal setting decreased from 64.0% in 1993 to 58.4% in
1998, but the overall population stroke death rate
among older persons remained stable at 2.6 per 10 000
people. The mean descriptive statistics of Medicare
HMO penetration variables and other county-level
covariates were similar to those described in the dis-
charge-level sample.

Estimates of Multivariate Analyses
The main regression estimates of Medicare HMO

penetration from the multivariate analyses are sum-
marized in Table 3. The estimates showed that none
of the 3 Medicare HMO penetration variables was
associated with inhospital stroke mortality rates or
with overall population stroke mortality rates (P >
.05 for both). Only increased Medicare IPA HMO
penetration was associated with a moderate decrease
in LOS at P < .001 (2279/365 479 observations, or
0.6%, were dropped because of zero days of LOS).
Medicare HMO penetration was negatively associated
with length of stay, although this was not statistical-
ly significant (P > .05). Additional analysis suggested
that Medicare HMO penetration was associated with

the proportion of stroke deaths in hospitals.
Increased Medicare total HMO penetration was sta-
tistically significantly associated with a shift in a
higher proportion of stroke deaths from hospitals to
nursing homes or residences (P < .01), and we saw a
similar shift associated with Medicare IPA HMO pen-
etration (P < .05). All other things equal, a 10-per-
centage-point increase in Medicare total or IPA HMO
penetration was associated with a 1.0-percentage-
point decrease in the proportion of stroke deaths
occurring in hospitals. However, there was no associ-
ation between Medicare non-IPA HMO penetration
and the place of stroke death.

The estimates of other covariates (data not shown)
suggested that demographics and comorbidities (only
available in the discharge-level sample) were significant-
ly correlated with the 4 dependent variables in all mod-
els (P < .01). The county-level time-varying covariate
estimates were not statistically significant at P < .05
except for the number of neurologists per 1000 older
persons, which was associated with a decrease in the
proportion of stroke deaths occurring in hospitals (P
< .01). In addition, our sensitivity analysis demonstrat-
ed the robustness of the key estimates of Medicare HMO
penetration.
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Table 1. Mean Statistics of Key Variables in the Discharge-level Sample Created From the National Inpatient
Sample (NIS)*

1993 1994 1995 1996 1997 1998
Variable (n = 62 162) (n = 60 322) (n = 62 389) (n = 63 211) (n = 60 669) (n = 56 726)

Dependent variables
Inhospital death rate, per 9.765 9.539 8.742 8.014 7.630 7.566

100 hospitalizations

Length of stay, d 9.230 8.400 7.930 7.180 6.860 6.430

Independent variables
Medicare total HMO penetration 0.080 0.092 0.115 0.152 0.185 0.139

Medicare IPA HMO penetration 0.032 0.041 0.064 0.089 0.112 0.086

Medicare non-IPA HMO penetration 0.049 0.051 0.051 0.063 0.073 0.053

Overall HMO penetration 0.205 0.215 0.230 0.260 0.288 0.288

No. of neurologists, per 1000 older persons 0.121 0.160 0.142 0.135 0.171 0.227

Adjusted average per capita costs, in $1000 0.406 0.427 0.466 0.491 0.493 0.504

No. of unique hospitals 761 759 756 730 711 683

No. of unique counties 393 399 410 407 405 412

*Discharges from Georgia, Hawaii, Kansas, South Carolina, and Tennessee in the NIS had missing state or county codes and were excluded from this sample.
HMO indicates health maintenance organization; IPA, independent practice association.
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DISCUSSION

Although our analysis suggests no association
between Medicare HMO penetration and LOS of older
persons hospitalized for stroke, we found a significant
shift in a higher proportion of stroke deaths from hospi-
tals to nursing homes or residences associated with
increased Medicare HMO penetration, likely driven by
increased IPA HMO penetration. Despite this significant
shift in the place of stroke death, there was little evi-

dence indicating
that Medicare HMO
penetration was
associated with
inhospital or overall
population stroke
mortality rates
among older per-
sons.

In contrast to our
results of stroke out-
comes, few studies
examining the
direct effects of
HMO penetration on
health outcomes
have had mixed
results. There is lit-
tle evidence avail-
able on the

market-level effects of IPA or non-IPA HMO penetration
on health outcomes. In a study17 of the effect of the pen-
etration of the Medicare + Choice program on popula-
tion mortality rates, increased enrollment rates in the
Medicare + Choice program without drug benefits was
associated with higher mortality rates. A suggested rea-
son was the life-extending benefit of pharmaceutical
products. Using cross-sectional data, 3 other stud-
ies12,15,16 found that survival rates of older FFS acute
myocardial infarction patients were not associated

Table 2. Mean Statistics of Key Variables in the County-level Sample Created From the Mortality Data*

1993 1994 1995 1996 1997 1998
Variable (n = 2610) (n = 2669) (n = 2668) (n = 2678) (n = 2695) (n = 2683)

Dependent variables
Proportion of stroke deaths in hospitals 0.640 0.617 0.603 0.593 0.586 0.584

Stroke death rate, per 1000 older persons 0.265 0.265 0.269 0.266 0.258 0.251

Independent variables
Medicare total HMO penetration 0.076 0.092 0.122 0.156 0.186 0.146

Medicare IPA HMO penetration 0.039 0.050 0.072 0.097 0.121 0.095

Medicare non-IPA HMO penetration 0.039 0.044 0.050 0.059 0.065 0.051

Overall HMO penetration 0.211 0.213 0.230 0.258 0.280 0.290

No. of neurologists, per 1000 older persons 0.127 0.136 0.132 0.131 0.129 0.127

Adjusted average per capita costs, in $1000 0.417 0.436 0.477 0.502 0.501 0.513

*The mean statistics were weighted by the county-level older populations, stratified by 3 age categories (65-74, 75-84, and ≥ 85 years) and by sex. There were
452 unique counties represented during each year of the study period.
HMO indicates health maintenance organization; IPA, independent practice association.

Table 3. Estimates of Medicare HMO Penetration From the Hospital or County Fixed-
effects Models

Proportion of
Inhospital Stroke Length Stroke Deaths

Variable Death Status* Death Rate of Stay in Hospitals

Medicare total HMO penetration −0.017 0.033 −0.069 −0.101†

Medicare IPA HMO penetration −0.022 0.012 −0.016‡ −0.090§

Medicare non-IPA HMO penetration −0.010 0.061 0.083 −0.106‡

Fixed effects Hospital County Hospital County

HMO indicates health maintenance organization; IPA, independent practice association.
*Scored as 1 if an inhospital death vs 0 otherwise.
†Statistically significant at P < .01.
‡Statistically significant at P < .10.
§Statistically significant at P < .05.



with HMO penetration. Two additional studies11,13 indi-
rectly assessed the effects of HMO penetration on
health outcomes and did not demonstrate associations
between HMO penetration and outcomes.

We chose stroke as the focus of this study because
frail older HMO enrollees have been shown to fare signif-
icantly worse than their FFS counterparts and because
HMO practice styles of stroke care might undermine
quality of care.4,21-23 Contrary to our hypotheses, we
found no association between Medicare HMO penetra-
tion and the inhospital or the overall population stroke
mortality rates. It is possible that increased Medicare
HMO penetration did not have any detrimental effect on
stroke outcomes. For example, HMOs, particularly IPA
HMOs, may use selective contracting as their strategy
for cost savings rather than restricting utilization. While
restricting utilization might lower quality of care, selec-
tive contracting might not affect outcomes. In addition,
HMO practice patterns might be irrelevant to stroke out-
comes in a market in which at low levels of penetration
there were disproportionately few patients at risk of
stroke in HMOs.

This study had 4 limitations. First, because of the use
of inpatient claims data with limited clinical detail, we
were unable to assess whether increased Medicare HMO
penetration affected the severity of hospitalized stroke
patients. We could not rule out that higher Medicare
HMO penetration could have led to hospitalization only
of patients with lower severity of stroke and at a lower
risk of death. Second, we were concerned about the
accuracy of using ICD-9-CM codes to identify strokes.
Measurement errors in using secondary data for stroke
studies have been reported.33 In addition, some hospi-
tals in the NIS may be fully owned by regional HMO
plans (eg, Kaiser Health Plans) that are staff-model
HMOs with sizable Medicare risk contracts. The diag-
noses in claims generated from this type of hospital that
are not used for any billing purposes may be less accu-
rate than those from community hospitals that treated
predominately FFS patients. Although measurement
errors represent a concern about the precision of the
estimates, there has been no evidence suggesting corre-
lation of HMO penetration and this type of measure-
ment error. Therefore, the estimates in our study would
not be biased by this type of error. Furthermore, if we
assumed that this type of measurement error was sys-
tematic within a hospital or a county over time, the hos-
pital or county fixed-effects models used for estimation
could actually purge this type of error. Third, increased
Medicare HMO penetration might adversely affect
inhospital stroke mortality rates, but the data and meth-
ods in our study might impede this inference. Although
our hospital or county fixed-effects analysis may mini-

mize biases resulting from market-level time-invariant
heterogeneity, we are concerned about biases caused by
unmeasured time-varying hospital or county factors cor-
related with Medicare HMO penetration and stroke out-
comes. Fourth, our findings might not be generalizable
to the period after the introduction of the Medicare +
Choice program, which began to offer other managed
care plans in 1999. Therefore, the effect of Medicare
managed care penetration on health outcomes in the
future remains unclear.

A shift in the place of stroke death associated with
increased Medicare HMO penetration raises important
policy questions, including whether Medicare HMOs
may be detrimental as opposed to being appropriate or,
indeed, desirable. On the one hand, HMOs may affect
practice by discouraging hospitalization for individuals
who are likely to survive but who nonetheless may ben-
efit from various services such as aggressive treatment
of conditions that may lead to a recurrent stroke or
stroke complication. On the other hand, HMOs may
encourage providers to avoid hospitalizing patients who
are unlikely to do well with acute care (such as severe-
ly demented individuals with another stroke in a series
of strokes) and to discharge them faster when they are
admitted. Death out of hospital could reflect greater
appreciation of patient preference. As Medicare policy
makers continue to expand managed care programs to
older persons, more research is needed to understand
how the shift in the place of stroke death from the hos-
pital to nonhospital settings may affect quality of care.

Acknowledgment
We thank Jeroan J. Allison, MD, MS, Timothy S. Carey, MD, MPH, and

Morris Weinberger, PhD, for their comments on this study and Laurence
Baker, PhD, for generously providing part of the data for the analysis.

REFERENCES

1. Wickizer TM, Lessler D. Utilization management: issues, effects, and future
prospects. Annu Rev Public Health. 2002;23:233-254.

2. Miller RH, Luft HS. HMO plan performance update: an analysis of the literature,
1997-2001. Health Aff (Millwood). 2002;21(4):63-86.

3. Miller RH, Luft HS. Does managed care lead to better or worse quality of care?
Health Aff (Millwood). 1997;16(5):7-25.

4. Ware JE Jr, Bayliss MS, Rogers WH, Kosinski M, Tarlov AR. Differences in 4-year
health outcomes for elderly and poor, chronically ill patients treated in HMO and
fee-for-service systems: results from the Medical Outcomes Study. JAMA. 1996;276:
1039-1047.

5. Remler DK, Donelan K, Blendon RJ, et al. What do managed care plans do to
affect care? results from a survey of physicians. Inquiry. 1997;34:196-204.

6. Luft HS. It’s in the air: managed care and spillover effects [editorial]. Am J Med.
2002;112:240-241.

7. Altman D, Cutler D, Zeckhauser R. Enrollee mix, treatment intensity, and cost in
competing indemnity and HMO plans. J Health Econ. 2003;22:23-45.

8. Cutler DM, McClellan M, Newhouse JP. How does managed care do it? Rand J
Econ. 2000;31:526-548.

9. Meara E, Landrum MB, Ayanian JZ, McNeil BJ, Guadagnoli E. The effects of
managed care market share on appropriate use of coronary angiography among tra-
ditional Medicare beneficiaries. Inquiry. 2004;41:144-158.

10. Backus L, Moron M, Bacchetti P, Baker LC, Bindman AB. Effect of managed
care on preventable hospitalization rates in California. Med Care. 2002;40:
315-324.

HMOs and Stroke Outcomes

VOL. 12, NO. 1 THE AMERICAN JOURNAL OF MANAGED CARE 63



POLICY

64 THE AMERICAN JOURNAL OF MANAGED CARE JANUARY 2006

11. Baker LC, Phibbs CS. Managed care, technology adoption, and health care: the
adoption of neonatal intensive care. Rand J Econ. 2002;33:524-548.
12. Heidenreich PA, McClellan M, Frances C, Baker LC. The relation between
managed care market share and the treatment of elderly fee-for-service patients with
myocardial infarction. Am J Med. 2002;112:176-182.
13. Baker LC, Brown ML. Managed care, consolidation among health care pro-
viders, and health care: evidence from mammography. Rand J Econ. 1999;30:
351-374.
14. Tussing AD, Wojtowycz MA. Health maintenance organizations, independent
practice associations, and cesarean section rates. Health Serv Res.1994;29:75-93.
15. Bundorf MK, Schulman KA, Stafford JA, Gaskin D, Jollis JG, Escarce JJ.
Impact of managed care on the treatment, costs, and outcomes of fee-for-service
Medicare patients with acute myocardial infarction. Health Serv Res. 2004;39:
131-152.
16. Volpp KG, Buckley E. The effect of increases in HMO penetration and changes
in payer mix on in-hospital mortality and treatment patterns for acute myocardial
infarction. Am J Manag Care. 2004;10:505-512.
17. Gowrisankaran G, Town RJ. Managed care, drug benefits and mortality: an
analysis of the elderly. January 2004. National Bureau of Economic Research
Working Paper W10204. Available at: http://www.nber.org/papers/w10204.pdf.
Accessed June 21, 2005.
18. Helgason CM, Wolf PA. American Heart Association Prevention Conference IV:
Prevention and Rehabilitation of Stroke: executive summary. Circulation. 1997;96:
701-707.
19. Samsa GP, Bian J, Lipscomb J, Matchar DB. Epidemiology of recurrent cerebral
infarction: a Medicare claims–based comparison of first and recurrent strokes on
2-year survival and cost. Stroke. 1999;30:338-349.
20. Bian J. Impacts of Medicare HMO Penetration on Utilization and Health
Outcomes of Stroke Care [dissertation]. Chapel Hill: University of North Carolina at
Chapel Hill; 2003.
21. Matchar DB. Health policy in stroke: translating what we know into what we
do. Stroke. 2003;34:370-371.

22. Smith MA, Shahar E, McGovern PG, et al. HMO membership and patient age
and the use of specialty care for hospitalized patients with acute stroke: the
Minnesota Stroke Survey. Med Care. 1999;37:1186-1198.
23. Retchin SM, Clement DG, Brown RS. Care of patients hospitalized with strokes
under the Medicare Risk Program. In: Luft HS, ed. HMOs and the Elderly. Ann
Arbor, Mich: Health Administration Press; 1994:167-197.
24. Greenfield S, Nelson EC, Zubkoff M, et al. Variations in resource utilization
among medical specialties and systems of care: results from the Medical Outcomes
Study. JAMA. 1992;267:1624-1630.
25. Greenfield S, Rogers W, Mangotich M, Carney MF, Tarlov AR. Outcomes of
patients with hypertension and non–insulin dependent diabetes mellitus treated by
different systems and specialities: results from the Medical Outcomes Study. JAMA.
1995;274:1436-1444.
26. Retchin SM. Heterogeneity of health maintenance organizations and quality of
care [editorial]. J Natl Cancer Inst. 1997;89:1654-1655.
27. Flory J, Yinong YX, Gurol I, Levinsky N, Ash A, Emanuel E. Place of death: US
trends since 1980. Health Aff (Millwood). 2004;23(3):194-200.
28. Baker LC. The effect of HMOs on fee-for-service health expenditures: evidence
from Medicare. J Health Econ. 1997;16:453-481.
29. Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures for use
with administrative data. Med Care. 1998;36:8-27.
30. Huber PJ. The behavior of maximum likelihood estimates under nonstandard
conditions. In: LeCam LM, Neyman J, eds. Proceedings of the Fifth Berkeley
Symposium on Mathematical Statistics and Probability. Vol 1. Berkeley: University
of California Press; 1967:221-233.
31. White H. A heteroskedasticity-consistent covariate matrix estimator and a direct
test for heteroskedasticity. Econometrica. 1980;48:817-838.
32. STATA Statistical Software [computer program]. Release 8.0. College Station,
Tex: StataCorp LP; 2003.
33. Leibson CL, Naessens JM, Brown RD, Whisnant JP. Accuracy of hospital dis-
charge abstracts for identifying stroke. Stroke. 1994;25:2348-2355.


