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ABSTRACT

BACKGROUND

Although increased attention has been paid to sex and racial differences in the manage-
ment of myocardial infarction, it is unknown whether these differences have narrowed
over time.

METHODS

With the use of data from the National Registry of Myocardial Infarction, we examined
sex and racial differences in the treatment of patients who were deemed to be “ideal can-
didates” for particular treatments and in deaths among 598,911 patients hospitalized
with myocardial infarction between 1994 and 2002.

RESULTS

In the unadjusted analysis, sex and racial differences were observed for rates of reper-
fusion therapy (for white men, white women, black men, and black women: 86.5, 83.3,
80.4, and 77.8 percent, respectively; P<0.001), use of aspirin (84.4, 78.7, 83.7, and
78.4 percent, respectively; P<0.001), use of beta-blockers (66.6, 62.9, 67.8, and 64.5
percent; P<0.001), and coronary angiography (69.1, 55.9, 64.0, and 55.0 percent;
P<0.001). After multivariable adjustment, racial and sex differences persisted for rates
of reperfusion therapy (risk ratio for white women, black men, and black women: 0.97,
0.91, and 0.89, respectively, as compared with white men) and coronary angiography
(relative risk, 0.91, 0.82, and 0.76) but were attenuated for the use of aspirin (risk ratio,
0.97, 0.98, and 0.94) and beta-blockers (risk ratio, 0.98, 1.00, and 0.96); all risks were
unchanged over time. Adjusted in-hospital mortality was similar among white women
(risk ratio, 1.05; 95 percent confidence interval, 1.03 to 1.07) and black men (risk ratio,
0.95; 95 percent confidence interval, 0.89 to 1.00), as compared with white men, but
was higher among black women (risk ratio, 1.11; 95 percent confidence interval, 1.06
to 1.16) and was unchanged over time.

CONCLUSIONS
Rates of reperfusion therapy, coronary angiography, and in-hospital death after myo-
cardial infarction, but not the use of aspirin and beta-blockers, vary according to race
and sex, with no evidence that the differences have narrowed in recent years.
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N RECENT YEARS, ATTENTION HAS BEEN
focused on variations in the treatment of coro-
nary heart disease thatare related to the sex and
race of the patient. Landmark studies in the late
1980s and early 1990s reported differences in treat-
ment according to sex and race.1* In the past de-
cade, other investigations have described a generally
consistent pattern of less intensive treatment of
acute myocardial infarction in women, as compared
with men,>11 and in blacks, as compared with
whites, 891217 gcross a variety of settings. Efforts
to remedy racial and sex differences in health care
use have received prominent attention, including a
recent Institute of Medicine report!8 and the Public
Health Service’s Healthy People 2010 initiative.1®
Although sex and racial differences in the treat-
ment of coronary heart disease have been docu-
mented for more than a decade, little is known
about whether these differences have persisted in
more recent years. We assessed temporal trends in
sex and racial differences in the use of guideline-
based management for patients hospitalized with
acute myocardial infarction.

METHODS

PATIENTS

Since July 1, 1990, hospitals participating in the
National Registry of Myocardial Infarction (NRMI)
have enrolled consecutive patients with myocar-
dial infarction, as previously described.2® Because
NRMI-1 (July 1990 through May 1994) collected
little information on patients’ characteristics, we
restricted our analysis to the 1,724,984 patients
from 1917 hospitals who were enrolled in NRMI-2
(June 1994 through March 1998), NRMI-3 (April
1998 through June 2000), and NRMI-4 (July 2000
through May 2002). We excluded 12,132 patients
with erroneous discharge dates and 381,018 pa-
tients who were transferred from another acute care
hospital because their early treatments were not
documented. We also excluded 131,474 patients
who survived less than 24 hours because of insuffi-
cient time to begin treatments; 40,881 patients of
unknown age, sex, race, or survival status; 60,689
patients whose race was not recorded as white or
black; and 55,316 patients with missing data for
model covariables. We restricted our analysis to 658
hospitals (out of 1917 hospitals) participating in
NRMI for the full study period, resulting in a final
sample of 598,911 patients. NRMI data collection

has previously been validated by comparison with
the Cooperative Cardiovascular Project.2 This pro-
tocol was deemed exempt from review by the insti-
tutional review board at Emory University.

TREATMENT OF MYOCARDIAL INFARCTION

Patients were evaluated for the use of treatments
recommended by the American College of Cardi-
ology—American Heart Association (ACC-AHA)
guidelines for the treatment of myocardial infarc-
tion since 1990.22-24 These included acute reperfu-
sion therapy for patients with ST-segment elevation
within 24 hours of admission, the administration
of aspirin and beta-blockers within 24 hours of ad-
mission, and coronary angiography during hospi-
talization. As secondary treatment end points, we
examined the frequency of coronary-artery bypass
graft (CABG) surgery and percutaneous translumi-
nal coronary angioplasty (PTCA) (except for primary
PTCA, which was included in our definition of re-
perfusion therapy) during hospitalization.

To exclude racial or sex variations in treatment
that may reflect differences in the proportion of pa-
tients for whom treatment is considered appropri-
ate, we identified subgroups of patients who were
ideally suited for each management strategy — in
other words, patients with the strongest indica-
tions for treatment (ACC—-AHA class I) and without
major contraindications, according to guidelines
published in 1990,22 1996,23 and 1999.2¢ When
variations were present in the three sets of guide-
lines, the 1996 guidelines were followed, since they
are similar to the 1999 guidelines and were pub-
lished closest to the beginning of our observation
period.

To avoid bias in regard to the availability of ser-
vices, rates of coronary angiography were calculated
among patients admitted to facilities with full ca-
pability of performing invasive cardiovascular pro-
cedures. Rates of use of CABG and PTCA were cal-
culated among patients admitted to these facilities
who were “ideal candidates” for coronary angiog-
raphy and who underwent angiography. Because
information was lacking on angiographic findings,
we were not able to define further patient eligibility
for revascularization. The only contraindication to
the use of aspirin in the initial management of
myocardial infarction is true allergy to salicylates,
which is uncommon and was not recorded in NRML
Therefore, no ideal-candidate subgroup was creat-
ed for aspirin.
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IN-HOSPITAL MORTALITY

We examined trends in hospital mortality accord-
ing to sex and race. This analysis was restricted to
patients who were not transferred to another acute
care hospital, since the survival status of transferred
patients in the second hospital was unknown.

STATISTICAL ANALYSIS

We categorized patients into four groups according
to race and sex: white men, white women, black
men, and black women. Sex and racial differences
in demographic and clinical factors and in the char-
acteristics of hospitals were assessed over the full
study period and stratified according to year of treat-
ment (with a year defined as the period from June
through May). We calculated crude rates of treat-
ment and in-hospital mortality for the selected sub-
groups of ideal-candidate patients in the four
groups.

We used logistic-regression models to derive
the likelihood of treatment and death for the four
groups.25 We tested whether differences in the use
of treatments according to sex and race changed
over time by including a three-way interaction term
reflecting the sex and race of patients and the year.
Three consecutive models were constructed for
each end point. Model 1 included sex, race, year,
and all two-way and three-way interaction terms
among sex, race, and year; model 2 expanded the
data in model 1 to include other demographic and
clinical factors; and model 3 expanded the data in
model 2 to include characteristics of the hospitals.
To assess whether the clustering of patients within
hospitals affected our results, analyses were repeat-
ed with the use of generalized-estimating-equation
models. The results were similar and are not report-
ed. All analyses were performed using SAS software
(version 8.2).

RESULTS

CHARACTERISTICS OF PATIENTS AND HOSPITALS

The mean age of patients did not change substan-
tially over time, but the prevalence of most coro-
nary risk factors increased in all subgroups (Table
1), whereas there was a decline in the proportion of
patients with ST-segment elevation or Q waves on
initial electrocardiography. The four subgroups
showed similar time trends in most factors, as
shown by the nonsignificant interaction among sex,
race, and year. In all years combined, there were

substantial differences in many factors according
to sex and race. For example, women in both racial
groups were older than men, whereas blacks in both
sex groups were younger than whites. As compared
with white men, fewer female and black patients
had ST-segment elevation or Q waves on initial elec-
trocardiography, but women and blacks had more
risk factors, a higher Killip class, and a longer delay
to reach the hospital. As compared with whites,
black patients tended to be hospitalized more often
in facilities that were used for teaching, were affili-
ated with medical schools, were located in urban
areas, and had equipment for performing cardio-
vascular procedures.

IDEAL CANDIDATES FOR TREATMENTS

AND PROCEDURES

The proportion of patients qualifying as ideal can-
didates for reperfusion and the administration of
beta-blockers was 50 percent or less and declined
over time in all groups. At each time point, women
and blacks were less likely than white men to be ide-
al candidates (Fig. 1). Approximately 10 percent
of patients were classified as ideal candidates for
coronary angiography. This percentage was simi-
lar in all sex and racial groups and fairly constant
over time.

TREATMENTS AND PROCEDURES

AMONG IDEAL CANDIDATES

In the unadjusted analysis, treatment rates differed
according to sex and race, with rates highest in
white men and lowest in black women (Table 2).
Differences were larger for rates of reperfusion ther-
apy and coronary angiography, particularly for black
women, but smaller for the use of aspirin and beta-
blockers. The use of aspirin and beta-blockers in-
creased over time, whereas rates of reperfusion
therapy remained stable and those of coronary an-
giography decreased slightly, with similar time
trends in the four demographic groups. As a result,
there was no significant variation over time in treat-
ment differences according to sex or race.

Results that were adjusted for the characteris-
tics of patients and hospitals were similar (Table 3).
Because models 2 and 3 provided almost identical
results, only the results of model 3 (adjusted for
both patient and hospital characteristics) are pre-
sented. The interaction among the factors of sex,
race, and year, as well as all other pairwise interac-
tions, were not significant, indicating that racial and
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Figure 1. Proportions of Patients Considered Ideally Suited for Treatments
and Procedures after Acute Myocardial Infarction, According to Sex and Race
by Study Year.

A year was defined in this study as the period from June through May.

sex differences in treatment did not change over
time. In absolute terms, black women remained the
group with the lowest rate of use of interventions.
As compared with white men, the adjusted risk ra-
tio for the use of reperfusion therapy in all years
combined was 0.97 for white women, 0.91 for black
men, and 0.89 for black women (P<0.001 for all
comparisons). For coronary angiography, corre-
sponding estimates were 0.91, 0.82, and 0.76
(P<0.001 for all comparisons). Adjusted differenc-
es for the use of aspirin and beta-blockers were
small. For the use of aspirin, the risk ratio during
the entire period was 0.97 for white women, 0.98
for black men, and 0.94 for black women, as com-
pared with white men (P<0.001 for all compari-
sons). For the use of beta-blockers, corresponding
figures were 0.98 (P<0.001), 1.00 (P=0.55), and
0.96 (P<0.001). Preferences of patients with respect
to reperfusion therapy were recorded starting in
1998. These data show few refusals for reperfusion
therapy (less than 0.5 percent) in each sex-and-race
subgroup.

Analysis of secondary treatment end points in-
dicated lower rates of use of CABG as compared
with white men, with an adjusted risk ratio of treat-
ment for white women, black men, and black wom-
en of 0.73, 0.74, and 0.63, respectively (P<0.001
for all comparisons). Adjusted differences in rates
of PTCA according to sex and race were small, ex-
cept for black women (risk ratio, 0.89; 95 percent
confidence interval, 0.83 to 0.95); white women had
slightly higher rates of PTCA than did white men
(risk ratio, 1.06; 95 percent confidence interval,
1.04 to 1.08). Data on the use of stents were avail-
able starting in 1998. There was a steady increase
in stent use over time, from 73.1 percent in 1998 to
87.3 percent in 2000 through 2002. Similar propor-
tions of patients undergoing PTCA received stents
regardless of sex or race, with similar time trends.
Racial and sex differences in the use of CABG and
PTCA did not change over the study period.

MORTALITY

Overall, 21.7 percent of patients were transferred
to other hospitals and excluded from assessment
of in-hospital mortality. The proportion of patients
who were transferred varied among groups accord-
ing to race and sex: 23.2 percent for white men,
18.0 percent for white women, 18.3 percent for

676 N ENGL J MED 353;7 WWW.NEJM.ORG AUGUST 18, 2005

Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission.
Copyright © 2005 Massachusetts Medical Society. All rights reserved.



SEX AND RACIAL DIFFERENCES IN TREATMENT OF MYOCARDIAL INFARCTION

"aunpadoud ayy auodiapun pey pue Aydes3oi3ue A1euoiod o) Sa1EPIPUED [BIPI PRIIPISUOD d4aM SIUBITRd )
“Auj1qeasul oiweukpoLusy pue “poys d1uaSolpaed ‘uolidlejul Jo elwayds! ‘euidue Jualindal ‘uouassdiul Suinbai uoisuajodAy :suoipuod
Buimol|o} ays Jo Aue pey pey Aoy Ji pue sainpadoid aAiseAul wiopad o1 a|qe A||ny sjelidsoy o1 pajiwpe a1am Aoy J1 Aydes3oi3ue A1eu010D 10} S21EPIPUED [BIPI PRIIPISUOD d4aM SJUdlled §
*swojdwiAs 4o 195U0 ay3 JaYe sinoy ZT ulyym pajuasasd pue {(8H ww goT> aunssaid poojq 1|0y
-sks *2°1) uoisuajod£y Jo “20ys ‘a.n|iej 1ESY JO DUIPIAS SABY JOU PIp ‘ainuiw Jad s1eaq 09 1sed| 1e Jo as|nd e pey Aay Ji Adelay) 19320]|q-e19q J0) SIIEPIPUED [BIP] PRISPISUOD 319M SjUlled .
*JUSLUTER.} SAI9D34 O} BUI|IIP J0U PIp pUE ‘(LOIFEDIPUIBIIUOD PIUBLUNDOP J3YIO0 4O ‘UoisualadAy pajjoljuodun a1aAas ‘wisejdoau |elueldeljul ‘ewinesy Jo K13
-INs Juad3J ‘90415 JO AI0IsIy e ‘sisayielp 3uipas|q umous| Jo Suipaa|q [euaiul Ak 3°1) Adelay) d1A|ouliql) O} SUOITEDIPUIEIILOD PIIUSLLNDOP SABY 10U PIp ‘swoldWAs Jo 19suUo ay) Jaye
sinoy ZT utynm pajuasaid ‘weiSo1paedoyda 1s.1y Y} UO UOIIeAR|d JuawSas-] § pey ‘a3e Jo sieak G/ ueyy ssa| a1am Aau i Adeiayy uoisnyiadal 10y SaepIPUED [BIPI PAISPISUOD 319M SJUdIlEd -
‘fisejdoidue A1euoiod [eulwn|sues) snoaueindiad yD 1 d pue 3uiyeid ssedAq A1aie-Kieuolod sajouap HgyD sieak ul dejiano si aiayl os ‘Kejp 01 aun( sem pouad Apnis ay] s

L0T SO0T ¢T11 S0T Sor ¢4/ 8L Q'L 89 89 €CT VIT TTl ¢Cl L'€T 88 88 16 S8 8% sjuaiied ||e oy Ayjenow |epdsoy-uj
lpsiusned paziisrayies Joy
18 STy 8Lf vEE 86 0¥y O€yr S8y Lvy 96§ 0S¥ S¥r 99 TSk 9€r T9% L9 T8 O0Syr Sy (s4npasoud iewnd Suipnpaxe) yold
[psiuaned pazissiayred soy
86T ¥0Z L€ T8I 6ST TTz [LTZ SOT 9TI¢ S6l 87C ¢€€¢ T€C €¢C ¥TT (97 T8 +97 997 §ST (9gvdaiepawwiduipnpxs) Hgyd
sjuiod pus juawiieas) Alepuodas
{sarepip
0SS TIS 8¥S +#9S S65 0% TT9 079 959 S8 6SS £7S S¥S £65 08 T69 ¥S9 0/9 €2, €7L -uedeaplioyhydeidoidue Kieuoiod
sajepipued
SY9 9'6L T69 L09 86F 8.9 008 CIL 679 TLS 679 09L 999 [L6S L6y 999 [L6L €69 TE9 L¥S |eSP!I0fJYy T ISy Ul Sia)d0|q-e1ag
¥'8. ¢6L ¥08 86/ Tl L€ S¥8 T1T'G8 T¥8 G6/ L8 88 €18 T08 S¢ v¥8 TV¥8 898 ¥#S8 [L08 sjuaned || 4y $Z 3siy ul uuidsy
Lsaiepipued eapi o}
8L 88L SVL ¥8L 96, ¥08 L08 86/ 808 Y08 €€8 978 9TI8 8€8 6¥8 S98 898 IV¥8 ¥[8 ¥[8  4Ypzisiy ulkdesays uoisnpaday
swujod pus Juawileas] Alewlid

1u2242d

SIBSA ¢00C 000C 8661 9661 SIBAA ¢00Z 000C 8661 9661 SIBSA C00C 000C 8661 9661 SIBSA ZOOC 000C 8661 9661
IV —000C —866T —9661 —¥661 IV —000C —866T —966T —¥66T IV —000C —866T —9661 —¥661 |IV —000C —8661 —966T1 —1661

USWOM Jde|d US|\ e USWOM SUYM USIN SUYM JnsusPeIRYD

«1eap Apnis pue ‘adey ‘xas 01 Sulpi0ddy ‘susned pazijendsoH Suowe saW0INQ pue ‘sainpadod ‘sjusawileal) Jo sajey paisnipeun “z 3|qeL

677

AUGUST 18, 2005

N ENGL J MED 353;7 WWW.NEJM.ORG

Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission.
Copyright © 2005 Massachusetts Medical Society. All rights reserved.



The NEW ENGLAND JOURNAL of MEDICINE

black men, and 14.4 percent for black women
(P<0.001). Among patients who remained in the
same hospital, overall unadjusted mortality was
10.2 percent, ranging from 7.3 percent among black
men to 12.3 percent among white women (Table 2).
After adjustment for differences in age and other
characteristics of patients and hospitals, the death
rate in hospitals was similar among black men (risk
ratio as compared with white men, 0.95; 95 percent
confidence interval, 0.89 to 1.00) and white wom-
en (risk ratio, 1.05; 95 percent confidence interval,
1.03 to 1.07), but higher among black women (risk
ratio, 1.11; 95 percent confidence interval, 1.06 to
1.16). Racial and sex differences did not change
over time.

DISCUSSION

There were notable differences and similarities in
the treatment and outcome of myocardial infarc-
tion according to race and sex from 1994 through
2002. As compared with white men, fewer black
men and black women received reperfusion thera-
py and coronary angiography, whereas black wom-
en had the highest adjusted mortality rate among
all sex and racial groups. In contrast, differences in
treatment and mortality between white women and
white men were generally small, as were differenc-
es between any of the four racial and sex groups in
the use of aspirin and beta-blockers. Racial and sex
differences were essentially unchanged between
1994 and 2002.

Management differences were greater when pa-
tients were compared according to race within each
sex (black men vs. white men and black women vs.
white women) than when they were compared ac-
cording to sex within each race (black men vs. black
women or white men vs. white women), suggest-
ing that disparities according to race may be more
important than disparities according to sex. Black
women had the highest risk of not receiving reper-
fusion therapy and coronary angiography. Several
previous studies also documented less aggressive
management of coronary disease in both wom-
en5-11 and blacks.8:9:12:14.15 The few studies that
examined subgroups classified according to both
sex and race also found the lowest rates among
black women.13,26,27

Treatment differences according to sex and race
persisted without much variation between 1994 and
2002. Although several studies investigated time
trends in management of acute myocardial infarc-

Table 3. Unadjusted and Adjusted Risk Ratios for Treatments, Procedures, and Outcomes among Hospitalized Patients Classified According to Sex, Race, and Study Year. *
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tion,28-30 none examined such trends with respect
to patients’ sex or race. Studies of patients who were
referred for cardiovascular evaluation31:32 found lit-
tle difference in managementaccording to sex, with
little variation over time. One study that was based
on administrative Medicare databases found small-
er differences between blacks and whites in the use
of coronary angiography and revascularization pro-
cedures in 1997 than in 1986.33 Since results were
adjusted only for sex and age, variations over time
may reflect variations in the characteristics of pa-
tients or in their diagnoses, rather than in patterns
of use in health care.

Despite considerable debate, reasons for these
differences are largely unknown. Potential explana-
tions are sex and racial differences in eligibility
for treatment, clinical contraindications, and con-
founding by other clinical factors.3* We mostly
excluded these possibilities by focusing on ideal
candidates and by adjusting for characteristics of
patients and hospitals, although some misclassifi-
cation is possible. It seems unlikely that misclassi-
fication affected our conclusions, because such
errors should not have occurred differentially ac-
cording to sex, race, or study year.

The preferences of patients regarding therapy
may play some role in the treatment differences
that were observed. Data on patients’ preferences
in NRMI were limited to reperfusion therapy in the
latest years; therefore, we could not account for the
preferences of patients in our analysis. However,
available data indicated very low rates of refusal
(less than 0.5 percent) in all sex and racial sub-
groups. Incomplete information regarding the time
of the onset of symptoms could also contribute to
differences in reperfusion therapy. These data were
more often missing for white women, black men,
and black women than they were for white men. To
minimize potential bias, only patients with com-
plete information regarding this factor were con-
sidered ideal candidates for reperfusion.

Probably, persistent differences in treatments
and procedures according to sex and race reflect
some unmeasured characteristic of patients or a
health care factor that has not changed over time.
There may be differences according to sex and race
in the early presentation of myocardial infarction
that lead to a delayed diagnosis in black women,
white women, and black men. This may affect early
treatment in these groups, particularly the use of
reperfusion. Similarly, unmeasured health care fac-

tors may lead to inequalities in the delivery of care
among demographic groups. A recent study found
that black patients tend to be treated by primary
care physicians with lower qualifications and to have
less access to subspecialist care, diagnostic imag-
ing, and nonemergency hospital admissions.35 Al-
though these results cannot be extrapolated to acute
inpatient care, provider-level differences according
to race may exist during an admission for myocar-
dial infarction — for example, the likelihood or
timing of referral to a specialist. Hospital-specific
effects may also account for a large portion of racial
and ethnic disparities in the time to reperfusion
therapy,3°¢ suggesting important unmeasured hos-
pital-level factors — perhaps poorer-quality centers
treating a disproportionate number of minority-
group patients. This, however, is not consistent with
our observation of larger treatment disparities, in
comparison with white men, for black women than
for black men, two groups who presumably have
similar rates of use of hospitals that serve members
of racial minorities.

The lack of narrowing in some differences in
treatment according to sex and race in recent years
is a cause for concern. Differences in treatment
paralleled to some extent differences in mortality
in our study, since black women were also the
group with the highest adjusted in-hospital mor-
tality rate. A full understanding of the reasons un-
derlying such differences requires further study.

Although clinical guidelines for the treatment
of acute myocardial infarction changed somewhat
during the study period, that change should not af-
fect our results, since we focused on patients who,
at each time point, were ideal candidates for each
intervention and since the definition was the same
for each sex and racial subgroup. We lacked infor-
mation on whether a history of asthma, chronic
obstructive pulmonary disease, dementia, or con-
duction disorders may have limited the use of beta-
blockers or whether a history of hypersensitivity to
salicylates or active ulcer disease may have discour-
aged the use of aspirin. There is no reason to expect
that these contraindications differed according to
sex or race over time. We also lacked data on socio-
economiic factors, such as education and employ-
mentstatus, and were unable to separate the role of
sex or race from these factors. Information regard-
ing the time of the onset of symptoms was not avail-
able for all patients. The quantity of these missing
data increased over time in all sex and racial sub-
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groups with similar trends, making it unlikely that
missing values introduced bias. Finally, we did not
have access to angiographic data, so we cannot ex-
clude the possibility that observed differences in
rates of revascularization after coronary angiogra-
phy reflected overuse of procedures in white men,
rather than underuse in other groups of patients.
For this reason, rates of revascularization proce-
dures were considered secondary end points.
Differences in some treatments and procedures,
particularly reperfusion therapy and coronary an-
giography, according to sex and race persist after

myocardial infarction, with no substantial changes
from 1994 to 2002. Black women, the group with
the lowest rate of use of interventions, have higher
mortality rates than do other groups. Although the
reasons for these differences are unknown, their
persistence emphasizes the need for a continued
search for explanations so that inequities in clini-
cal care may be eliminated.
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