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Introduction
Multiple studies have documented

differences between African-American
and White population or patient groups in
the use of cardiac and other procedures in
the United States.1-9 However, no pub-
lished reports have examined such use
among Latinos or Asians.

Factors thought to be responsible for
the lower rates for some procedures
among African Americans (poorer access
to health services, poorer patient-physi-
cian communication, less generous health
insurance coverage, lower income, and
cultural factors) are also relevant to the
ability of members of other ethnic groups
to access medical services."' We under-
took this study to examine the rates at
which Asians and Latinos, as well as
African Americans, receive invasive car-
diac procedures once admitted to a
hospital with a diagnosis of possible isch-
emic heart disease. Los Angeles County
was selected for this analysis because of the
substantial presence and socioeconomic
diversity of its Latino (about 25% of county

.....
residents), Asian (5%7c), and African
American (12%c ) populations.

This study was designed to answer the
following research questions: (1) How do
the rates of invasive cardiac procedures of
African Americans, Latinos, and Asians in
Los Angeles County compare with those of
Whites? (2) Do any discrepancies persist
after adjustment for factors that might
affect such use? (3) What is the indepen-
dent effect of hospital procedure volume on
such disparities after factors such as income
and health insurance status are controlled?

Methods
Patient-specific discharge data were

obtained from the California Hospital

Discharge Data Set for all patients dis-
charged from California hospitals from
January 1, 1986, through December 31,
1988. All short-term, acute care hospitals
in the state of California are required to
submit abstracts of each hospitalization
for incorporation into this data set. The
submitted data are reviewed for accuracy
both by the submitting institution and by
the Office of Statewide Health Planning
and Development. The data set includes
information on each patient's age, zip
code of residence, gender, primary payer,
ethnicity, date of admission, principal and
up to 24 secondary diagnoses, principal
and up to 24 secondary procedures, length
of stay, source and type of admission,
discharge disposition, total hospital
charges, admission type (elective, emer-
gent, urgent), diagnosis related group,
and a specific hospital identification
number.

Sample
All patients discharged with princi-

pal discharge diagnoses of acute myocar-
dial infarction (ICD-9-CM" codes 410,
410.0-410.9), unstable angina (411.1),
angina pectoris (413, 413.0-413.1, and
413.9), chronic myocardial ischemia (414,
414.0-414.1, 414.10-414.11, 414.19, 414.8,
414.9), or chest pain (786.50-786.52,
786.59) were identified. All patients whose
zip code of residence fell outside Los
Angeles County were excluded. To re-
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duce the possibility of redundancy in the
sample, all patients admitted from or

discharged to other acute care hospitals
were excluded. Additional exclusions in-
cluded patients discharged from federal
hospitals and all institutions other than
general acute care facilities, patients
younger than 30 or older than 89 years,

Native American or Eskimo patients, and
those with race listed as unknown or

other.

Study Variables
The primary procedure and the first

12 secondary procedures were used to
determine whether a patient had under-
gone coronary artery angiography (ICD-
9-CM procedure codes 37.21-37.23), coro-

nary artery bypass graft surgery (36.2 and
36.10-36.20), or coronary artery angio-
plasty (36.01-36.02 and 36.05) while hospi-
talized.

Independent variables consisted of
ethnicity, age, gender, principal diagnosis,
number of secondary diagnoses, admis-
sion type, primary payer, and income.
Data for each category except income
were obtained from the Discharge Data
Set. Median household income for the zip
code of patient residence, obtained from
the 1980 US census, was used as a proxy
for patient income. Four specific ethnic
groups constituted the ethnicity variable:
African-American, Asian, White, and
Latino. Five specific age categories were

used: 30-39, 40-49, 50-64, 65-74, and
75-89 years. Admission type could be
elective, urgent, or emergent. Eight pri-
mary payer groups were used: Medicare,
Medicaid, private indemnity, BlueCross
BlueShield, health maintenance organiza-

tion, uninsured (a category including both
"self-pay" and "no charge" patients [i.e.,
those receiving free care or charity care]),
indigent services, and "other" (workers'
compensation, other government, other
nongovemment, and unknown primary
payer).

Analysis Methods
Multivatiate logistic regression was

used to investigate the relationship be-
tween use of each procedure (i.e., coro-

nary artery angiography, angioplasty, or

bypass grafting) and ethnicity, with poten-
tial confounders controlled. The unit of
analysis for these models was each hospi-
tal discharge. Four sets of logistic regres-
sion models were estimated to generate
odds ratios (ORs) for receiving each of
the three procedures for each ethnic
group relative to Whites. The first models
incorporated only ethnicity as the indepen-

dent variable and generated unadjusted
odds ratios for receiving each procedure.
The second set of models included all
independent variables described previ-
ously. The possibility exists that differ-
ences in use of hospitals where these
procedures are not performed may ac-

count for ethnicity-related disparities in
procedure use. Therefore, the third set of
models was estimated from a data set that
excluded patients who were discharged
from hospitals not performing any of the
three procedures at the time of the study.
The final set ofmodels used the same data
set as the third but included a categorical
variable to adjust for the number of
procedures performed per year at the
hospital to which the patient was admit-
ted. Procedure volumes were categorized
as very low (< 20), low (20-100), medium
(101-200), and high (> 200).

Results
More than 3 million Los Angeles

County residents were discharged from
California hospitals between 1986 and
1988. Our study population consisted of
the 131 408 patients from this group who
met our eligibility criteria.

The various ethnic groups were well
represented within the study population,
as shown in Table 1. Whites, the largest
group, constituted more than two thirds of
the discharges. African Americans and
Latinos each represented about one sev-

enth of the study population. Asians were
the smallest group in the study popula-
tion, with 5900 patients (4.3%). Table 1
also presents procedure totals by ethnic
group. Although large numbers of each
ethnic group received each procedure,
African Americans and Latinos received
proportionately fewer procedures and
Whites proportionately more. The propor-

tions of Asian patients receiving angiogra-
phy and angioplasty were reflective of
their distribution in the sample popula-
tion.

Some independent variables poten-
tially associated with use of the proce-

dures also varied by ethnicity (Table 2).
African-American and Latino patients in
the study population were somewhat
more likely to be female. African-
American, Asian, and Latino patients
were younger than White patients. Afri-
can Americans were less likely than White
patients to have Medicare or private
insurance as primary payer and were

more likely to have Medicaid or to be
enrolled in a health maintenance organi-
zation. They were also more likely either
to be uninsured or to receive indigent
services benefits. Asian patients were less
likely than Whites to be covered by
Medicare and more likely to have Medic-
aid coverage or to be uninsured. Latino
patients were more likely than Whites to
receive Medicaid. Income disparities were
substantial. Statistically significant inter-
ethnic differences were also seen in the
number of secondary diagnoses.

The distribution of patients from
each ethnic group discharged from hospi-
tals performing varying volumes of each
procedure is shown in Table 3. African-
American and Latino patients were signifi-
cantly less likely than Whites to be
admitted to hospitals that performed
large numbers of each procedure. Asians
were more likely than Whites to be
admitted to hospitals that did not perform
the three procedures but were as likely to
be admitted to hospitals with high vol-
umes of bypass graft surgery and angio-
plasty.

Logistic regression results are shown
in Table 4. The first column in Table 4
(model 1) presents unadjusted odds ratios
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TABLE 1-Number of Patients Receiving Three Invasive Cardiac Procedures, by
Race/Ethnicity: Los Angeles County, 1986 through 1988

Received Invasive Procedures
Total Discharged from

Hospitals with Diagnoses Bypass Graft
of Heart Disease Angiography Surgery Angioplasty

No. % No. % No. % No. %

African Americans 16 509 12.6 2 336 8.2a 587 5.5a 564 6.1a
Latinos 19 218 14.6 2655 9.4a 935 8.8a 655 7.1a
Asians 5 900 4.5 1199 4.2 538 5.1a 380 4.1
Whites 89 781 68.3 22 166 78.2a 8544 80.6a 7591 82.3a

aSignificantly different from the proportion of the same ethnic group in the overall study population
by two-tailed chi-square test.
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by procedure for each of the three
non-White ethnic groups, with Whites as

the reference group. Except for the fact
that Asians were as likely as Whites to
receive bypass graft surgery, African
Americans, Asians, and Latinos were

significantly less likely to receive each of
the three procedures before adjustments
were made for clinical, demographic, and
socioeconomic variables.

In the multivariate logistic regres-
sions that controlled for all independent
variables except hospital volume (model
2), odds ratios for all non-White groups
moved closer to 1, although statistically
significant differences remained. Odds
ratios for coronary angiography, relative
to White patients, were 0.80 for African
Americans, 0.69 for Latinos, and 0.85 for
Asians (all with significant confidence

intervals that did not include 1). For
coronary artery bypass graft surgery, odds
ratios were 0.58 for African Americans,
0.70 for Latinos, and 0.98 for Asians (the
latter was not significantly different from
that for Whites). Significant disparities
were found for all three ethnic groups

relative to Whites for coronary artery
angioplasty (ORs = 0.76 for African
Americans, 0.65 for Latinos, and 0.88 for
Asians).

The next model (model 3) shows the
effect of removing from the analysis group
those patients discharged from hospitals
that did not perform any of the three
invasive cardiovascular procedures during
the study period. African Americans and
Latinos continued to have significantly
lower odds of receiving each of the three
procedures, compared with Whites. How-

ever, Asians became as likely as Whites to

receive angiography (OR = 1.01), bypass
graft surgery (OR = 1.11), and angio-
plasty (OR = 0.99).

Adding an adjustment factor to con-

trol for the effect of increasing hospital
procedure volume (model 4) diminished
almost all interethnic differences in the
odds of receiving these three procedures.
However, African Americans remained
significantly less likely than Whites to
undergo either of the revascularization
procedures (ORs = 0.62 for coronary ar-

tery bypass graft surgery and 0.80 for
coronary artery angioplasty). For angiog-
raphy, adding the procedure volume ad-
justment essentially eliminated the dispar-
ity between African Americans (OR =
0.94) and Whites. Disparities between
Latinos and Whites also declined or

disappeared with application of the hospi-
tal procedure volume adjustment (ORs
for Latinos = 0.90 for coronary artery
angiography, 0.87 for coronary artery
bypass graft surgery, and 0.99 for coronary
artery angioplasty). Once again, no dispari-
ties in receipt of procedures were found
between Asians and Whites.

Discussion
Among studies of inequities in the

use of cardiac procedures, these findings
are noteworthy in demonstrating that
apparent disparities in receipt of cardio-
vascular procedures between White and
African-American patients were paral-
leled by differences in rates between
Whites and Latinos and, to a lesser extent,
between Whites and Asians. Although
considerable research has documented
further evidence of disparities between
Whites and African Americans,12 no

previous study has reported disparities in
the use of cardiac procedures for other
ethnic groups.

Unadjusted odds ratios varied consid-
erably by ethnicity. African Americans
and Latinos tended to have significantly
lower odds than Whites of receiving any

of the three procedures, whereas Asian
patients were less likely to receive coro-

nary artery angiography and angioplasty.
However, important differences were also
found in the presence of several potential
confounders among the different ethnic
groups studied. African-American, Latino,
and Asian patients in the study popula-
tion were more likely to be women, to
have low incomes, and to either be
uninsured or have Medicaid as their
primary payer. All of these factors have
been reported to be associated with lower
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TABLE 2-Distribution of Independent Variables Associated wlth the Use of
Cardiac Procedures, by Racial/Ethnic Group

African
Whites Americans Latinos Asians

Categorical variables, % of group within category

Primary diagnosis
Unstable angina 24.6 24.0 28.5a 29.4a
Acute myocardial 23.0 18.6a 1 7.2a 20.08

infarction
Chest pain 20.9 32.2a 28.58 19.7
Chronic ischemia 16.6 8.oa 9.6a 16.4
Angina 15.0 17.2a 16.2a 14.6

Age, y
30-39 3.1 8.2a 7.3a 3.9a
40-49 9.8 17.2a 16.4a 12.9a
50-64 32.3 38.8a 36.8a 34.3a
65-74 29.3 21.7a 23.0a 29.9
75-89 25.5 14.2a 16.5a 19.0a

Female gender 43.2 56.2a 54.5a 43.5

Insurance status
Medicare 51.4 39.9a 34.7a 26.7a
Private 21.7 13.5a 18.7a 19.5a
HMO 13.0 18.2a 11.5a 14.0
Medicaid 4.8 14.6a 19.5a 26.4a
Self-insured/ 3.0 4.4a 5.98 5.4a

uninsured
BlueCross/ 4.2 2.5a 2.4a 4.1

BlueShield
Indigent services 1.1 5.5a 6.4a 3.1a
Other 0.9 1.3a 0.9 0.8

Admission type
Emergent 36.7 47.3a 38.5a 37.9
Urgent 43.4 40.2a 47.9a 40.1 a

Elective 19.9 12.6a 13.6a 22.1 a

Continuous variables, mean (SD)
Income, 24091 (7692) 15516a (5497) 17969a(5218) 20222a(6918)
No. of comorbidities 2.90 (2.44) 2.98a (2.42) 2.74a (2.50) 2.79a (2.33)

aWhfte-African American, White-Asian, and White-Latino differences are significant (P < .01) by
two-tailed chi-square test for categorical variables and two-tailed t test for continuous variables.
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use of cardiac procedures and other
medical services.1_37

Multivariate logistic regression analy-
sis confirmed the existence of ethnicity-
related differences in the use of the three
invasive cardiovascular procedures. The
direction and magnitude of differences
between African Americans and Whites
demonstrated by this analysis are consis-
tent with those of other reports.6 It is
particularly noteworthy that similar ef-
fects were also found for Latinos and, to a
lesser degree, Asians.

This study is unique in that it also
examines hospital procedure volume as a

possible explanatory factor for the pres-

ence of ethnicity-related disparities in the
use of invasive cardiovascular procedures.
This possibility was investigated in two
ways: by eliminating patients discharged
from hospitals that did not perform the
procedures and by controlling for proce-

dure volume in the analysis. Once patients
discharged from hospitals that did not
perform the three cardiovascular proce-

dures were eliminated from the analysis
population, important effects on ethnicity-
related disparities were noted. Asians
became as likely as Whites to receive
coronary artery angiography and angio-
plasty. For African Americans, however,
no important changes in the relative
magnitude of the odds ratios were seen.

For Latinos, the odds of receiving each of
the three procedures, relative to Whites,
increased but remained less than those for
Asians. These findings suggest that per-

haps all disparities in the use of invasive
cardiovascular procedures for Asians and
an important component of such dispari-
ties for Latinos may be related to dispro-
portionate representation of those popula-
tions in hospitals that do not perform such
procedures.

Controlling for the volume of each
procedure performed at the hospital from
which the patient was discharged in-
creases our understanding of interethnic
variation in the use of cardiac procedures.
That such adjustment improved or elimi-
nated ethnicity-related differentials for
African Americans and Latinos suggests
that reduced use of hospitals with higher
procedure volume may contribute to such
differentials. However, the importance of
this effect appears to vary considerably
among these ethnic groups. Volume ad-
justment diminished disparities in angiog-
raphy and bypass graft surgery while
eliminating disparities in angioplasty for
Latinos, and had little effect on disparities
in bypass graft surgery and angioplasty for
African Americans while essentially elimi-

nating disparities in this group for angiog-
raphy. The persistence of the relative
magnitude of discrepancies in the odds of
receiving either of the revascularization
procedures (bypass graft surgery or angio-

plasty) for African Americans even after
controlling forvolume is troubling. Clearly,
use of these revascularization procedures
by African Americans is especially suscep-
tible to other factors, such as patient
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TABLE 3-Distribution of Patients by Racial/Ethnic Group and Hospital
Procedure Volume

% of Patients

Hospital Procedure African
Volumea White American Latino Asian

Angiography
High 56.7 40.5b 39.8b 46.6b
Medium 9*9 8.0b9Q3b 9.9
Low 9.5 17.8b 10.1b 7.7b
Very low 5.7 13.2b 7.1b 7.1b
None 18.2 20.5b 33.8b 28.7b

Bypass graft surgery
High 21.4 1 4.8b 8.5b 22.4
Medium 23.2 15.4b 1 1.0b 12.1b
Low 16.6 1 8.8b 29.9b 20.8b
Very low 2.8 5.7b 1.8b 1.7b
None 36.0 45.4b 48.8b 43.1 b

Angioplasty
High 21.5 1 6.0b 7.9b 20.6
Medium 9.8 5.2b 6.5b 4.7b
Low 23.6 1 6.0b 1 7.0b 1 8.5b
Very low 12.3 1 8.3b 23.0b 13.3
None 32.8 44.6b 45.7b 42.9b

aVolume was defined as number of procedures performed per year: high = more than 200; medium
= 101-200; low = 20-100; very low = fewer than 20.

bCaucasian-African American, Caucasian-Asian, and Caucasian-Latino differences are signfficant
(P < .01) by two-tailed chi-square test.

TABLE 4-Summary of Logistic Regression Analyses of Invasive Cardiac
Procedures: Odds Ratios (Relative to White Patients), by
Racial/Ethnic Group

Model la
Model 2b Model 3c Model 4d

Unadjusted
OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl)

Angiography
African American .50 (.48, .53) .80 (.76, .84) .78 (.74, .82) .94 (.89, 1.00)
Asian .78 (.73, .83) .85 (.80, .92) 1.01 (.94,1.09) 1.03 (.95,1.11)
Latino .49 (.47, .51) .69 (.65, .72) .81 (.77, .85) .90 (.85, .95)

Bypass graft
African American .35 (.32, .38) .58 (.52, .64) .57 (.52, .63) .62 (.56, .69)
Asian .95 (.87,1.05) .98 (.88, 1.09) 1.11 (1.00, 1.24) 1.03 (.92,1.15)
Latino .49 (.45, .52) .70 (.64, .76) .77 (.71, .83) .87 (.79,.94)

Angioplasty
African American .38 (.35, .42) .76 (.69, .84) .76 (.69, .83) .80 (.72, .88)
Asian .75 (.67, .83) .88 (.79, .99) .99 (.88,1.10) .89 (.79,1.01)
Latino .38 (.35, .41) .65 (.60, .71) .75 (.69, .82) .99 (.90, 1.09)

Note. OR = odds ratio; Cl = confidence interval.
aNo additional independent variables are used.
bControlling for primary diagnosis, age, gender, primary insurance type, admission type, income,
and number of comorbidities.

cidentical to model 2 except that discharges from hospitals not performing procedures are deleted.
dindentical to model 3 with categorical hospital procedure volume variable added.
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preference and physician practice style,
that were not measured in this analysis.12

This study has several methodologi-
cal and sampling limitations. First, one of
its central presumptions is that ethnicity is
reported accurately in administrative data.
Reports of ethnicity can be subjective and
are infrequently validated. This important
consideration is not unique to this analy-
sis.18 Nonetheless, it is unlikely that
systematic under- or overreporting of a
particular ethnicity is correlated with the
propensity to perform invasive cardiac
procedures. Second, although the number
of secondary diagnoses was used, as in
previous studies,1'6 as a proxy for comor-
bidity, actual clinical measures of athero-
sclerotic coronary artery disease severity,
such as the degree of coronary artery
stenosis, are not available in administra-
tive data sets. Third, the appropriateness
of the various procedures cannot be
assessed from administrative data sets. As
a result, it remains uncertain whether
lower rates among ethnic minorities indi-
cate appropriate or inappropriate under-
use. Fourth, zip-code median family in-
come was used as a proxy for patient
income and socioeconomic status. Zip
code of residence is sometimes not re-
ported accurately by patients, and even
when it is, zip-code median income may
not be representative of that portion of
the zip-code population admitted to hospi-
tals. Finally, assessment of individual
patient preference with regard to such
procedures is not possible in this type of
analysis. More information is needed
about how different population groups
react in the presence of cardiac disease or
when offered an invasive cardiovascular
procedure.

Three additional potential shortcom-
ings of this study are also common to most
previous analyses of this type. One is the
absence of record linkage numbers from
the California Hospital Discharge Data
Set during the study period, introducing
the possibility that multiple admissions of
specific individuals may be responsible for
interethnic disparities. We attempted to
minimize this possibility by eliminating
observations where patients were trans-
ferred from one institution to another, but
it is still possible that ethnic groups vary in
rates of multiple or split hospitalizations.
Another potential shortcoming is possible

bias in the attribution of important vari-
ables, such as the primary diagnosis,
assigned to patients during discharge
abstract coding. Finally, our data are from
1986 through 1988. It is possible that
relative ethnic rates for these procedures
have changed since that time.

The finding that disparities in the use
of invasive cardiovascular procedures-
previously reported only for African
Americans relative to Whites-also apply
to Latinos and, to a lesser degree, Asians,
requires validation in studies using other
methodologies. If confirmed, these find-
ings have implications for ongoing efforts
to combat cardiovascular disease as well
as for health reform, most notably efforts
to ensure access to high-quality care for
all members of our society. It is far from
certain that simply removing insurance-
related barriers to care will eliminate the
disparities noted in this analysis. This
analysis does suggest that some as yet
unidentified factors, which may include
access barriers, health status, patient
preference, and other issues, and which
may vary among ethnic groups, affect the
use of invasive cardiovascular procedures.

Because of the importance of these
findings, we recommend an expansion of
research efforts that incorporate primary
data collection strategies.19 These could
include studies to validate administrative
data reports of ethnicity, studies that
abstract medical records for diagnosis at
admission and for procedure use, studies
that survey patients about their prefer-
ences for treatment and their understand-
ing of the procedures, and studies that
survey physicians about indications for
procedure use. O
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