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Hospital-Level Racial Disparities in Acute Myocardial
Infarction Treatment and Outcomes
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Background: Previous studies have documented racial disparities in
treatment of acute myocardial infarction (AMI) among Medicare
beneficiaries. However, the extent to which unobserved differences
between hospitals explains some of these differences is unknown.
Objective: The objective of this study was to determine whether the
observed racial treatment disparities for AMI narrow when analyses
account for differences in where blacks and whites are hospitalized.
Research Design: Retrospective observational cohort study using
Medicare claims and medical record review.

Subjects: This study included 130,709 white and 8286 black Medi-
care patients treated in 4690 hospitals in 50 US states for confirmed
AMI in 1994 and 1995.

Measures: Measures in this study were receipt of reperfusion,
aspirin, and smoking cessation counseling during hospitalization;
prescription of aspirin, angiotensin-converting enzyme inhibitor,
and beta-blocker at hospital discharge; receipt of cardiac catheter-
ization, percutaneous coronary intervention (PCI), or bypass surgery
(CABG) within 30 days of AMI; and 30-day and 1-year mortality.
Results: Within-hospital analyses narrowed or erased black—white
disparities for medical treatments received during the acute hospi-
talization, widened black—white disparities for follow-up surgical
treatments, and augmented the survival advantage among blacks.
These findings indicate that, on average, blacks went to hospitals
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that had lower rates of evidence-based medical treatments, higher
rates of cardiac procedures, and worse risk-adjusted mortality after
AMI.

Conclusions: Incorporating the hospital effect altered the findings
of racial disparity analyses in AMI and explained more of the
disparities than race. A policy of targeted hospital-level interven-
tions may be required for success of national efforts to reduce
disparities.

Key Words: race and ethnicity, disparities, myocardial infarction,
mortality, hospital quality
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nequalities in the treatment of black patients after acute
myocardial infarction (AMI) have generated a great deal of
clinical research and policy interest in recent years. Studies in
various clinical populations using both administrative and
clinically detailed registry data indicate that black patients are
less likely than white patients to receive angiography, percu-
taneous coronary interventions (PCI), and coronary artery
bypass graft (CABG)." ™ Blacks also are less likely to receive
thrombolytic therapy after AML'*"'? Fewer studies have
explored racial variations in low-intensity treatments such as
aspirin and beta-blockers after AMI. Black—white differences
in receipt of these treatments vary from large to absent
altogether.' 13712
These nationally aggregated findings do not account for
the fact that blacks and whites tend to live in segregated
regions and use different hospitals. If these hospitals differ in
treatment patterns, some of the observed racial disparities
may be mediated by a hospital effect rather than by race.
Several studies have explored the contribution of differential
access and racial disparities. Blacks live in regions with
different local practice patterns'® and use managed care
plans,'” hospitals,'® 2 cardiac surgeons,?' and primary care
providers®? that differ systematically in quality, practice pat-
terns, and resources.
Yet most of the studies of racial disparities in care after
AMI cited here that attempt to control for a hospital effect
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only go as far as to include hospital-level characteristics in
patient-level regressions. This approach seeks to answer the
question: if 2 patients with AMI who differed only in race (1
black and 1 white, but otherwise with the same measured
clinical characteristics) went to 2 different hospitals with the
same measured characteristics (eg, teaching status, AMI vol-
ume), would they experience the same care and outcomes?
Because blacks and whites may go to different hospitals that
vary in a number of unmeasured domains such as the average
time to thrombolytic therapy or angioplasty in minutes, phy-
sician quality, and nurse staffing, even rich controls such as
those for teaching status, AMI volume, or presence of a
catheterization laboratory may not account for these omitted
variables. Furthermore, utilization of a particular hospital is
likely correlated with important omitted socioeconomic vari-
ables that are associated with AMI care and survival, and
controlling for hospital effect may control for some of these
important omitted variables.*® Finally, including hospital-
level characteristics in patient-level regressions can incor-
rectly attribute sources of variance between correlated vari-
ables such as a hospital and race and is no longer considered
an appropriate modeling technique for hierarchically orga-
nized data.>* Currently advocated approaches include multi-
level (hierarchical) modeling or the use of individual hospital
fixed effects in patient-level regressions.

We reanalyzed treatment and survival outcomes among
black and white patients in the Cooperative Cardiovascular
Project (CCP) using both advocated methods to explore
whether observed racial disparities after AMI are mediated by
race or by provider. Specifically, we sought to answer the
question: if a black and white patient with similar clinical
characteristics went to the same hospital, were their care and
outcomes different?

METHODS

Data Collection

The CCP used bills submitted by acute care hospitals
(UB-92 claims form data) and contained in the Medicare
National Claims History File to identify all Medicare dis-
charges with an International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) principal
diagnosis of 410 (myocardial infarction), excluding those
with a fifth digit of 2, which designates a subsequent episode
of care. The study consecutively sampled all Medicare ben-
eficiaries with AMI during a 4- to 8-month window (depend-
ing on the state) between 1994 and 1995.° The Claims
History File does not reliably include bills for all of the
approximately 12% of Medicare beneficiaries insured
through managed care risk contracts, but the sample was
representative of the Medicare fee-for-service (FFS) patient
population in the United States in the mid-1990s. After
sampling, the CCP collected hospital charts for each patient
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and sent these to a study center where trained chart abstract-
ers abstracted clinical data. Abstracted information included
elements of the medical history, physical examination, and
data from laboratory and diagnostic testing, in addition to
documentation of administered treatments. The CCP moni-
tored the reliability of the data by monthly random reabstrac-
tions. Details of data collection and quality control have been
reported previously.?® We supplemented the abstracted clin-
ical data with diagnosis and procedure codes extracted from
Medicare billing records and dates of death from the Medi-
care Enrollment Database.

For our analyses, we selected only those patients in the
CCP sample with confirmed AMI and who were black or
white, excluding those with other or unknown race. We
transformed continuous physiological variables into categor-
ical variables (eg, systolic blood pressure < 100 mm Hg or =
100 mm Hg; creatinine < 1.5, 1.5-2.0, or > 2.0 mg/dL). We
used date of death to identify patients who did or did not
survive through 30 days and 1 year after the AMI. We used
2 different mortality measures because 30-day mortality may
reflect the effectiveness of acute treatments during the AMI
hospitalization and 30-day procedure-associated mortality,
whereas 1-year mortality may reflect the effectiveness of
procedures and compliance with follow-up medical treat-
ments. For all patients, we identified whether they received
each of 6 treatments during the index admission: reperfusion
(defined as either thrombolysis or PCI within 12 hours of
arrival at the hospital), aspirin during hospitalization, aspirin
at discharge, angiotensin-converting enzyme (ACE) inhibi-
tors at discharge, beta-blockers at discharge, smoking cessa-
tion counseling, and each of 3 treatments that occurred within
30-days of the AMI: cardiac catheterization, PCI, or CABG.
We conceptualized reperfusion, aspirin, beta-blockers, ACE
inhibitors, and smoking cessation counseling as “medical”
treatments (88% of reperfusions were thrombolysis) and
30-day catheterization, PCI, and CABG as “surgical.” These
also differ in that the medical treatments are lower intensity
and under the direct purview of the admitting hospital,
whereas the surgical treatments are higher intensity and may
rely on follow up or referral and thus may not be strictly
controlled by the admitting hospital.

We used CCP quality criteria to identify patients for
whom reperfusion, aspirin, ACE inhibitors, beta-blockers,
and smoking cessation counseling were “ideal” (eg, best
practice),’®?” and we used the ACC/AHA guidelines®® for
coronary angiography to identify patients who were ideal
(class I), uncertain (class II), or inappropriate (class III) for
angiography. Because angiography is a prerequisite for PCI
or CABG, we assumed that if patients were class III for
angiography, then they were inappropriate candidates for
these downstream procedures.
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TABLE 1. Demographics, Clinical History, Treatment, and Outcomes of the Patients, by Sex and Race

Men Women
White Black White Black
Characteristic (n = 66,762) (n = 3411) P Value (n = 63,947) (n = 4875) P Value
Demographics and clinical history
Mean (* SE) age (years) 753 (£ 0.03)  74.6 (£ 0.12) < 0.0001 78.2 (£ 0.03)  76.3 (£ 0.12) < 0.0001
Diabetes (%) 27.6 33.8 < 0.0001 31.8 47.9 < 0.0001
Hypertension (%) 54.7 73.2 < 0.0001 66.6 84.0 < 0.0001
Current smoking (%) 154 25.2 < 0.0001 13.3 12.7 0.31
Prior myocardial infarction (%) 333 31.0 0.005 25.4 27.7 0.0007
Prior heart failure (%) 18.4 23.6 < 0.0001 24.6 29.7 < 0.0001
Prior revascularization® (%) 22.5 11.6 < 0.0001 12.2 8.8 < 0.0001
Prior peripheral vascular disease 11.4 12.2 0.12 9.2 12.8 < 0.0001
Dementia (%) 4.7 7.2 < 0.0001 7.5 9.1 < 0.0001
Limited mobility (%) 13.9 21.0 < 0.0001 23.7 29.8 < 0.0001
Admitted from nursing facility (%) 33 5.2 < 0.0001 8.4 6.8 0.0002
Systolic blood pressure < 100 (%) 3.6 3.8 0.38 4.1 3.5 0.02
Cardiogenic shock (%) 2.2 2.0 0.23 2.4 2.0 0.08
Received CPR (%) 39 4.0 0.72 3.0 43 < 0.0001
Complete heart block (%) 17.2 14.4 < 0.0001 14.6 13.8 0.14
Congestive heart failure (%) 25.7 304 < 0.0001 313 35.1 < 0.0001
MI location
Anterior (%) 30.0 322 0.005 31.6 30.0 0.03
Inferior (%) 21.0 17.6 < 0.0001 18.2 14.7 < 0.0001
Creatinine > 2.0 mg/dL (%) 12.2 21.0 < 0.0001 8.2 18.2 < 0.0001
Albumin < 3.0 mg/dL (%) 3.8 5.8 < 0.0001 5.1 7.6 < 0.0001
Hematocrit < 0.30 (%) 3.8 7.3 < 0.0001 5.3 10.3 < 0.0001
Treatment (eligible population)
Reperfusion (n = 44,921) (%) 42.8 36.0 < 0.0001 35.8 30.2 < 0.0001
Aspirin during hospitalization 80.2 79.6 0.856 76.3 76.1 0.416
(n = 138,629) (%)
Aspirin upon discharge 70.4 69.8 0.543 65.7 67.1 0.084
(n = 87,365) (%)
ACE upon discharge (n = 21,794) 56.0 59.9 0.075 60.3 63.4 0.004
(%0)
B-blocker upon discharge 39.5 36.4 0.03 37.5 35.6 0.002
(n = 87,365) (%)
Smoking cessation counseling 33.0 27.0 0.007 32.1 27.1 < 0.0001
(n = 20,264) (%)
Catheterization within 30 days 574 45.8 < 0.0001 45.7 40.6 < 0.0001
(n = 121,476) (%)
PCI within 30 days (n = 121,476) 214 14.3 < 0.0001 18.7 12.7 < 0.0001
(%0)
Bypass surgery within 30 days 18.5 11.5 < 0.0001 11.9 8.7 < 0.0001
(n = 121,476) (%)
Outcome
30-day mortality (%) 17.2 153 0.003 20.7 18.3 < 0.0001
1-year mortality (%) 304 31.0 0.423 34.9 34.7 0.722

*History of percutaneous coronary intervention or coronary artery bypass.
SE indicates standard error; CPR, cardiopulmonary resuscitation; MI, myocardial infarction; CCP, Cooperative Cardiovascular Project; PCI, percutaneous
coronary intervention; CABG, coronary artery bypass grafting.
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FIGURE 1. The graph depicts the cumulative distribution func-
tion for black and white acute myocardial infarction (AMI)
patients among hospitals 1-4690. Each of the hospitals in the
Cooperative Cardiovascular Project sample is arrayed on the
x-axis from highest to lowest by the proportion of all black AMI
patients treated at the hospital.

Blacks —— ~— Whites I

Statistical Analysis

We categorized patients into 4 subgroups according to
race and sex: white men, white women, black men, and black
women, and compared their demographic and clinical char-
acteristics. We explored the distribution of black and white
AMI among the 4690 hospitals in our sample. We tested the
hypothesis that hospital may mediate the observed relation-
ship between race and treatment and outcomes after AMI
using elements of Baron and Kenny’s 3-stage regression
procedure.”’ We then performed 2 types of statistical analy-
ses for each of the 9 treatments and 2 mortality measures:
logistic regression models for the computation of odds ratios
and ordinary least-squares linear probability models (cor-
rected for heteroscedasticity of unknown form) for computa-
tion of the adjusted marginal probability of each outcome if
a patient was black instead of white.>* We performed separate
analyses for men and for women because we found an
interaction between race and sex. For all analyses of treat-
ment, only patients who were eligible for that treatment were
included in the regression (eg, only current smokers are
eligible for cessation counseling). For catheterization, PCI,
and CABG, we restricted the analysis to ACC/AHA class |
and class II patients, excluding class III patients for whom
catheterization and downstream interventions would have
been considered inappropriate. We retained all patients in our
analyses for reperfusion, aspirin, ACE inhibitor, and beta-
blocker treatment because patients for whom some treatments
were once believed controversial or contraindicated may be
reasonable candidates for treatment,®!' but included whether
the patient was ideal for the treatment as a control variable.
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We used 3 different specifications for both the logistic
and linear probability models, age- and race-adjustment (age/
race), age-, race-, and clinical condition-adjustment (age/
race/clinical), and age-, race-, clinical-, and specific hospital-
adjustment (age/race/clinical/hospital). The characteristics
used for clinical adjustment are those listed in Table 1. For
the logistic regressions in the age/race and age/race/clinical
models, we used generalized estimating equations (GEE)**
with hospital entered as the clustering variable. GEE allows
for unobserved patient-level or hospital-level factors that
were omitted from the model and which systematically raise
or lower utilization or mortality of all patients in that hospital
and thereby corrects the standard errors for any resulting
within-hospital correlation (clustering) in patient outcomes.

The GEE approach for statistical adjustment for patient
clustering used in the age/race/clinical models assumes all
unobserved hospital-level factors affecting treatment are un-
related to patient characteristics such as race. This assump-
tion would not be true, however, if blacks were systematically
admitted to hospitals that provided different rates of treat-
ment. For example, if blacks were cared for at hospitals that
underprovide treatment to all patients (independent of race),
then the GEE method would inadvertently attribute lower
rates of treatment to the race of the patient rather than to the
hospital providing care. The age/race/clinical/hospital models
addressed this limitation by including all of the same risk-
adjusters in a logistic model with a fixed effect for hospital,
allowing a separate intercept for all 4690 hospitals in our
sample.*® These fixed-effect models control for any hospital-
level factor that affects the treatment of all patients so that
any remaining estimated racial disparity reflects within-hos-
pital differences in the treatment of black and white patients.

We performed all computations with Stata statistical
software (version 8.2; Stata Corp., College Station, TX). The
Committee for the Protection of Human Subjects at Dart-
mouth College approved the study. We had complete inde-
pendence from the funding agency in the design, conduct, and
reporting of this study.

RESULTS

Demographic and Clinical Characteristics

The study cohort included 130,709 white and 8286
black Medicare patients treated for confirmed AMI in 4690
hospitals. Among both men and women, black patients gen-
erally were younger yet had a higher prevalence of chronic
disease, smoking, functional impairment, and nursing home
residence (Table 1). Fewer black than white patients had
undergone prior revascularization. On admission to the hos-
pital, black and white men had comparable rates of hypoten-
sion, cardiogenic shock, and receipt of cardiopulmonary re-
suscitation (CPR), but white men had a higher rate of
complete heart block and black men had a higher rate of heart
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failure (Table 1). White women were more likely than black
women to have been hypotensive or in cardiogenic shock,
although more black women had received CPR on admission
and had a higher rate of heart failure. Both black men and
black women had higher rates of renal insufficiency, low
serum albumin, and anemia than whites. All statistically
significant differences also are clinically meaningful differ-
ences.

Relationship of Race to Hospital

Eighty-five percent of all black AMI patients were
admitted to 1000 hospitals; only 40% of all white AMI
patients were treated at these same hospitals. Most hospitals
(n = 2691) treated no black AMI patients but treated 40% of
all white AMI patients (Fig. 1). Thus, race affects which
hospital treats an AMI patient. Furthermore, the coefficient
estimate of race is lessened in models that include hospital for
all medical treatments under the direct purview of the admit-

ting hospital, suggesting that hospital is a mediator of the
observed racial disparity in these treatments (discussed sub-
sequently).?’

Treatment

Black patients had lower crude treatment rates than
whites for all measures except aspirin and ACE inhibitors
(Table 1). We present the odds ratios (ORs) for the medical
(Figs. 2 and 3) and surgical (Fig. 4) treatments among black
patients compared with whites for each of the 3 model
specifications. The confidence intervals for each of the 3
models overlap for all treatments; however, for the purposes
of this analysis, we focus on the pattern of change in the point
estimate as we move from the model with the least to the
most sophisticated statistical adjustment. For both the medi-
cal and surgical treatments, clinical risk-adjustment narrowed
the apparent differences between black and white treatment
rates, consistent with our understanding that some of the

Men OR (95% Cl)
-+ 094 (0.86-1.02)
Fo— ASA, hospital 1.09 (0.99-1.20)
—Or— 0.97 (0.86-1.08)
=t 0.94 (0.89-1.03)
—o— ASA, discharge 102 (0.91-1.12) FIGURE 2. Odds ratios for receipt of medical
— 0.94 (0.83-1.05) treatments by black patients during the ini-
tial hospitalization. For each treatment, the
odds ratios and 95% confidence intervals
—o— 1.17 (0.99-1.35) reflect estimates for treatment receipt
—<o—ACE 1.09 (0.91-127) among blacks compared with whites using
- 0.95 (0.75-1.16) models that sgquentially a.dd groups of in-
dependent variables. The first model adjusts
Women for agg,.the seco.nfj model a.d.justs for age
and clinical conditions (condition on acute
- 0.93 (0.87-1.00) myocardial infarction admission, comorbid
- ASA, hospital 111 (1.02-119 conditions, and whether the patient was an
P ( : ideal candidate for the treatment), and the
i 0.96 (0.87-1.04) third model adjusts for age, clinical condi-
tions, and the specific admitting hospital.
5 1.02 (0.95-1.10) ASA indicates aspirin; ACE, angiotensin con-
— ASA, discharge 114 (1.05—1.23) verting enzyme inhibitor.
—- 1.04 (0.94-1.14)
4o— 1.13 (0.96-1.30)
~O- Agelrace -0 _
—0- Agelrace/clinical ACE 111 (0.93-128)
-&- Agelrace/clinical/hospital — 1.00 (0.79 - 1.20)
0.5 1.0 2.0

Less treatment
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Men OR (95% Cl)
—— 069 (0.59-0.79)
—— Reperfusion 0.73 (0.61-0.85)
— 0.73 (0.58-0.88)
- 0.84 (0.77-0.92)

- p-blocker 091 (0.83-0.99)

—o 0.94 (0.84-1.05) FIGURE 3. Odds ratios for receipt of medical
treatments by black patients during the ini-
tial hospitalization. For each treatment, the

—— 0.74 (063-0.86) odds ratios and 95% confidence intervals
—0—| Smoking cessation 0.84 (0.70-0.97) reflect estimates for treatment receipt

o—t 0.85 (0.67-1.03) among blacks compared with whites using

models that sequentially add groups of in-

Women dependent variables. The first model adjusts
for age, the second model adjusts for age

—_—— 0.64 (0.55-0.72) and clinical conditions (condition on acute

o Reperfusion 0.76 (0.63-088) myocardial infarction admission, comorbid
conditions, and whether the patient was an

¢ 082 (0.65-0.99) ideal candidate for the treatment), and the

third model adjusts for age, clinical condi-

-0 0.87 (0.81-0.94) tions, and the specific admitting hospital.

—4 B-blocker 0.93 (0.85-1.00)

- 0.98 (0.89-1.08)
e 0.76 (0.62-0.90)
-0- Agelrace . . _
-0- Age/race/clinical —%—| Smoking cessation 081 (066-0.97)
-o- Age/race/clinical/hospital —_— 0.89 (0.66-1.12)
0.5 1.0 20

Less treatment

More treatment

observed treatment differences are confounded by illness
severity and appropriateness for treatment.

For the medical treatments for which risk-adjusted
disparities persisted (Fig. 3), the addition of the hospital fixed
effect further narrowed the treatment gap and, in the case of
beta-blockers and smoking cessation counseling, erased it
altogether. This indicates that for these measures, blacks and
whites in the same hospital were treated more similarly than
would have been assumed based on aggregate risk-adjusted
data. For example, based on age-adjusted estimates, black
women had an absolute 9.6% lower rate of reperfusion after

same hospital, we must conclude that black women, on
average, went to hospitals with lower rates of reperfusion
among both blacks and whites.

In contrast, the addition of the hospital effect either did
not change or widened the gap for surgical treatments. This
indicates that blacks received fewer surgical treatments than
whites admitted to the same hospital, and this disparity was
even larger than would have been assumed based on aggre-
gate risk-adjusted data. For example, based on age-adjusted
estimates, black women had an absolute 9.3% lower 30-day
rate of catheterization (95% CI = —10.7-—7.9%). Risk-

AMI (95% confidence interval [CI] —12.4——6.8%) than
white women. Risk-adjustment reduced this disparity to
—5.3% (95% CI = —7.8——2.7%), and hospital-adjustment
further reduced it to —3.7% (95% CI = —6.8——0.5%). To
reconcile the fact that we observe a marked disparity in
reperfusion in the aggregate risk-adjusted data with the find-
ing of smaller disparities for similar patients treated in the

© 2005 Lippincott Williams & Wilkins

adjustment reduced this disparity to —3.7% (95% CI =
—5.1-—2.3%), but the addition of the hospital effect widened
the disparity; among women treated at the same hospital,
blacks had a 5.6% absolute lower 30-day rate of catheteriza-
tion (95% CI = —7.1-—4.0). Thus, we must conclude that
black women, on average, went to hospitals with higher rates
of 30-day catheterization among both blacks and whites.
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Men OR (95% ClI)
- 0.55 (0.51-0.59)
- Catheterization 0.71 (0.65-0.77)
- 0.68 (0.62-0.75)
- 0.58 (0.52 - 0.64)
— PCI 0.74 (0.66-0.81)
y 0.69 (0.60-0.77) FIGURE 4. Odds ratios for receipt of surgical
treatments by black patients during the 30
O 0.55 (0.49-0.61) days after AMI. For each treatment, the odds
d N . !
o CABG 058 (051-0.65) ratl.os and 95% confidence |nte.rvals reflect
estimates for treatment receipt among
¢ 0.59 (0.51-066) blacks compared with whites using models
that sequentially add groups of indepen-
Women dent variables. The first model adjusts for
N 064 (0,60 -0.69) age, the secppd model 'a('j]UStS for age and
o clinical conditions (condition on acute myo-
- | Catheterization 0.84 (0.78-0.90) cardial infarction admission and comorbid
- 0.74 (0.68-0.81) conditions), and the third model adjusts for
age, clinical conditions, and the specific ad-
itting h ital.
- 055 (0.50-060)|  ndnospra
- PCI 0.71 (0.64-0.78)
—— 0.68 (0.60-0.76)
—— 0.62 (0.55-0.69)
-O- Agelrace -
-0- Age/race/clinical = CABG 065 (0.58-0.73)
-&- Agelrace/clinical/hospital ~ —4— 063 (0.54-0.71)
0.5 1.0 20

Less treatment More treatment

For detailed figures regarding absolute rate differences,
see Appendix Figure 1.

Mortality

Black patients had equivalent or lower crude mortality
rates than whites after AMI (Table 1). We present ORs for
death among black patients for each of the 3 models (Fig. 5).
Risk-adjustment augmented the survival benefit among
blacks, that is, blacks had lower mortality than would be
expected by their illness severity. The addition of the hospital
fixed effect further augmented the survival benefit, suggest-
ing that black patients had a lower death rate after AMI than
equivalent white patients treated at the same hospital. For
example, based on age-adjusted estimates, black women have
the same 30-day mortality as white women. Based on risk-
adjusted estimates, however, black women had an absolute
3.5% lower 30-day mortality rate (95% CI = —4.6——2.6%),
and among women admitted to the same hospital for their

314

AMI, black women had an absolute 4.4% lower 30-day
mortality rate (95% CI = —6.6——3.2%). Both 30-day and
I-year mortality follow identical patterns. Thus, we must
conclude that black women, on average, went to hospitals
with worse risk-adjusted survival after AMI among both
blacks and whites.

For detailed figures regarding absolute mortality rate
differences, see Appendix Figure 2.

DISCUSSION

The initiatives to reduce racial disparities in healthcare
utilization and outcomes have been motivated by observed
treatment differences from nationally aggregated data. Cur-
rent policies, fueled by highly publicized evidence of physi-
cian discrimination in referral patterns,** call on providers to
treat blacks and whites equally. However, there has been less
attention paid to the way that systematic differences in

© 2005 Lippincott Williams & Wilkins
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Men

-0 Agelrace
~O— Agelrace/clinical
-o- Agelrace/clinical/hospital

30-day

1-year

30-day

1-year

OR (95% CI)

0.91 (0.82 - 1.00)
0.73 (0.65-0.81)
0.66 (0.57 - 0.74)

1.10 (1.01-1.19)
0.83 (0.76-0.91)
0.74 (0.66-0.81)

0.95 (0.87-1.02)
0.75 (0.69-0.82)
0.69 (062-0.76)

1.12 (1.05-1.20)
0.84 (0.78-0.90)
0.78 (0.71-0.84)

0.5

1.0 20

FIGURE 5. Odds ratios for death among
black patients. For each treatment, the odds
ratios and 95% confidence intervals reflect
estimates for the odds of death among
blacks compared with whites using models
that sequentially add groups of indepen-
dent variables. The first model adjusts for
age, the second model adjusts for age and
clinical conditions (condition on acute myo-
cardial infarction admission and comorbid
conditions), and the third model adjusts for
age, clinical conditions, and the specific ad-
mitting hospital.

Lower mortality Higher mortality

environments, access, and provider quality might influence
these disparities.'” 2 In this article, we show that because
blacks and whites tend to go to different hospitals for AMI
care, unobserved differences across hospitals may play a role
in observed racial disparities. These differences may be
hospital practice or “quality” effects, proxies for local socio-
economic effects, or both. By using a method that allowed us
to compare the treatment of black and white patients admitted
to the same hospital, we demonstrated that for lower-intensity
medical treatments under the immediate purview of the ad-
mitting hospital, within-hospital racial disparities were
smaller than aggregated estimates or absent altogether. In
contrast, for 30-day high-intensity cardiac procedures that
require follow up and may not be under the direct control of
the admitting hospital, within-hospital disparities were in
some cases even larger than aggregate risk-adjusted esti-
mates. Blacks’ within-hospital risk-adjusted survival advan-
tage after AMI was larger than aggregate risk-adjusted esti-
mates.

Our analysis of the same data used by previous re-
searchers to explore racial disparities in AMI treatment took
the analysis 2 steps further than most®®'>7'53% and 1 step
further than more recent work>® by adjusting for unobserved
similarities that may exist among patients treated by the same
hospital and for individual hospital effects that may actually
correlate with race. First, our risk-adjusted model followed
recent trends in health services research methods encouraging

© 2005 Lippincott Williams & Wilkins

adjustments for provider-level clustering.?**"—? Specifically,

this model adjusted the standard errors on patient-level re-
gression coefficients to account for the fact that the patients
treated by particular hospitals may be more similar in mea-
sured and unmeasured characteristics than patients treated at
different hospitals. This approach is superior to simple logis-
tic regression models that do not include any information
about provider or that enter summary hospital characteristics
in patient-level regressions. However, the model relies on the
assumption that the distribution of similar patients into 1
hospital versus another is independent of hospital character-
istics. This assumption would be violated if patient charac-
teristics systematically varied by hospital type. We hypothe-
sized that blacks may systematically be admitted to lower-
quality hospitals. To address this hypothesis, our risk- and
hospital-adjusted fixed-effects model allowed for patient
characteristics to be correlated with hospital. Furthermore,
unlike specifications that assume the systematic differences in
hospitals that blacks and whites use are a linear function of
the percent of white patients in the hospital,>** our hospital
fixed-effect model is not so constrained. This is important if
all observable and unobservable measures of hospital quality
are not summarized by percent white. For example, one can
imagine that rural community hospitals in Appalachia that see
mostly white AMI patients may have quality and resource
limitations that are similar to rural community hospitals in the
South that see mostly black AMI patients.
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Although our analyses provide different quantitative
conclusions regarding disparities by focusing at the hospital
level, where actual treatment decisions are made, we empha-
size that we are not making an effort to “explain away” racial
treatment disparities for AMI or other conditions. The crude
national figures prove that they exist. Rather, we are making
an effort to better understand these disparities, and, in so
doing, focus potential interventions. For example, because
the disparity between blacks and whites decreased for lower-
intensity medical treatments with hospital adjustment, we can
conclude that blacks, on average, went to hospitals that
provided less of this evidence-based care. Because the dis-
parity for 30-day cardiac procedures increased, this means
that blacks, on average, went to hospitals that provided more
of these services. Using hospitals with lower compliance with
evidence-based medical treatments may increase mortality
risk, but using hospitals with higher rates of invasive cardiac
procedures (if they are used for patients with appropriate
indications for treatment) may be protective. Thus, these
indicators of AMI treatment suggest that blacks on average
went to hospitals with lower-quality medical treatment but
higher-quality surgical treatment, a more complex picture
than we initially hypothesized. Regardless, however, if risk-
adjusted mortality is the ultimate quality measure of interest,
our data suggest that blacks went to lower-quality hospitals
because blacks’ survival advantage would be even larger if
they went to the same hospitals as whites. Indeed, if the 8286
black patients in this cohort had been treated at the same
hospitals in the same proportions as their white counterparts,
55 fewer men and 68 fewer women would have died by 1
year after their AMI. Initiatives targeted at hospitals that
disproportionately serve black patients could simultaneously
address quality deficiencies for all patients in the hospital and
potentially decrease national healthcare disparities. Further-
more, by focusing at the hospital level, researchers might
explore mediators of decreased surgical treatment rates
among blacks and try to explain the paradoxic risk-adjusted
medium-term survival advantage among blacks.

The current study has strengths as well as limitations.
The primary strength is that it is based on the CCP database,
which offers a nationally representative sample with rich
clinical data for use in risk-adjustment models and informa-
tion regarding prescription drugs. Limitations include the age
of the data, which prohibits generalization to current practice,
although it does allow direct comparison to other studies
using the same data, and the fact that younger patients are not
included in the cohort. Also, we cannot discern whether the
hospital effect is a “quality” effect, a socioeconomic effect, or
both. Our analysis only distinguishes whether a given pro-
vider appeared to treat blacks and whites differently (poten-
tial provider discrimination), but it does not address larger
issues of cultural discrimination that lead to residential seg-
regation and differential access to high-quality hospitals.
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Importantly, our analysis does not explain why some within-
hospital differences by race do exist, particularly for “inva-
sive” and expensive procedures. Fundamentally different
mechanisms may play a role in lower rates of reperfusion
among blacks than in lower rates of cardiac procedures such
as catheterization, PCI, and CABG that rely on more complex
processes of referral and follow up. Finally, our findings may
not extend to racial disparities in treatments and outcomes
observed for other conditions or in other settings.

In summary, utilization of different hospitals by blacks
and whites contributed substantially to observed treatment
disparities. Policy interventions aimed at reducing treatment
disparities should consider focused, provider-level efforts in
addition to current national initiatives. Future research should
focus on the mediators of these hospital-level effects, better
understanding why within-hospital differences persist for
invasive procedures (particularly for treatments requiring
follow up after initial hospitalization), and on explaining the
paradoxic medium-term survival advantage of black patients
despite their use of lower-quality hospitals.
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Appendix Figure 1.

Treatment Disparity: For each treatment, we present the mar-
ginal probability of receiving the treatment if black compared
with white, all other things being equal. This is the absolute
percentage point difference, with 95% confidence intervals, in
treatment receipt among whites compared with blacks. AR
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indicates models including only age and race; ARC, models
including age, race, and clinical condition, including being an
ideal candidate for therapy (Cooperative Cardiovascular Project
quality indicators only); ARCH, models including age, race,
clinical condition, being an ideal candidate, and hospital.
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Appendix Figure 2.

Mortality Disparity: We present the marginal proba-
bility of death at 1 day, 30 days, and 1 year if a patient is
black compared with white, all other things being equal. This
is the absolute percentage point difference, with 95% confi-
dence intervals, in mortality among whites compared with
blacks; thus, a negative difference suggests that blacks have
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lower mortality than whites. AR indicates models including
only age and race; ARC, models including age, race, and
clinical condition, including being an ideal candidate for
therapy (Cooperative Cardiovascular Project quality indica-
tors only); ARCH, models including age, race, clinical con-
dition, being an ideal candidate, and hospital.
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