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SEVERITY OF ILLNESS, TREATMENT ENVIRONMENTS, AND OUTCOMES

OF TREATING ACUTE MYOCARDIAL INFARCTION FOR HISPANIC AMERICANS

Objective: To examine associations of ethnic-
ity with severity of illness, treatment environ-
ments, outcomes, as well as their interactions
among acute myocardial infarction (AMI) pa-
tients.

Design, Setting, and Participants: 182,374
Hispanic and non-Hispanic White AMI dis-
charges in the 1998–1999 National Inpatient
Sample.

Main Outcome Measures: In addition to
measuring severity of illness and the treatment
environments defined as care-seeking charac-
teristics and process of care, the principal out-
come measure was hospital mortality.

Results: Compared to non-Hispanic White pa-
tients, Hispanic patients were associated with
a greater comorbidity index, less likely to be
treated in small (odds ratios [OR], 0.67), rural
(OR, 0.39), or low-volume hospitals (OR,
0.90), but more likely to be treated in teaching
hospitals (OR, 1.74). Further, Hispanic patients
were less likely to receive arteriography, PTCA,
and CABG, but positively associated with more
resource use; also, Hispanic patients were less
likely to be discharged to non-acute health fa-
cilities (OR, 0.80) or to die in hospital (OR,
0.78). Finally, comorbidities and the receiving
of PTCA interacted with ethnicity, respectively,
to affect mortality.

Conclusions: Substantial differences in the
hospital care for AMI existed between Hispan-
ic and non-Hispanic White patients. While the
treatment environments were less favorable for
Hispanics, their survival advantage over non-
Hispanic Whites remains to be unexplained.
Biological or other social or clinical factors
need to be identified to better explain the low-
er mortality rates of Hispanics. Enhancing ac-
cess to specialized services should improve
health outcomes for non-Hispanic Whites.
(Ethn Dis. 2002;12:488–498)
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INTRODUCTION

It has been widely reported that His-
panics are socioeconomically disadvan-
taged with regard to income, health in-
surance coverage, education, and behav-
ioral risk factors.1–4 Nevertheless, rela-
tively limited knowledge has existed for
this sub-population about medical care
of major diseases, such as acute myocar-
dial infarction (AMI). More specifically,
based on our literature search from
1990 forward, only several studies have
compared outcomes of treating AMI
(the leading cause of death in the na-
tion) of Hispanics against that of treat-
ing non-Hispanic Whites. Although
most of those studies did not observe
salient differences in outcomes between
the 2 ethnic groups, they did conclude
that Hispanic AMI patients were less
likely to use specialized clinical proce-
dures than non-Hispanic patients
were.5–8 No study has reported higher
hospital mortality among Hispanic pa-
tients than among non-Hispanic White
patients. Two studies, using data from
the 1980s and published nearly 10 years
ago, reported that the hospital mortality
of Hispanic AMI patients was lower
than that of non-Hispanic White pa-
tients under certain conditions. One of
these studies found lower mortality rates
only among male Hispanics compared
to non-Hispanic White males.9 The
other study detected the mortality dif-
ference between the 2 ethnic groups
when controlling for age and sex; how-
ever, the difference disappeared when a
few comorbidities were further taken
into account.10 A more recent study
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found that Hispanics had lower rates of
cardiovascular disease (including AMI)
mortality than African Americans even
after adjusting demographic variables
and several comorbidities; the authors
suggested possible interactions between
gene environments and other factors on
mortality.11 However, the absence of
non-Hispanic Whites made their results
less clear because the conventional ap-
proach has used the non-Hispanic
White population as the reference in
comparison with minorities who are of-
ten socioeconomically disadvantaged.

Not only have the prior studies been
limited in quantity, but also far from be-
ing able to provide a clear picture about
outcomes of treating AMI of Hispanics
as opposed to that of non-Hispanic
Whites. Most published AMI studies on
Hispanics have only examined age or
age-sex adjusted mortality, although a
few included several comorbidities such
as hypertension, diabetes, and conges-
tive heart failure.9,10 Omission of other
important patient comorbidities or lack
of identifying a comprehensive comor-
bidity set for AMI could blur effects of
socioeconomic or behavioral risk fac-
tors, effects of severity of illness, and ef-
fects of treatment environments on out-
comes. For example, if racial disparities
are more associated with socioeconomic
status and lifestyles, possible policy in-
terventions should focus on prevention,
sources of regular care, and health edu-
cation. If racial disparities, on the other
hand, are associated with treatment en-
vironments, then, the improvement of
the acute care delivery to unfavorable
populations needs to be addressed. Sec-
ond, although few studies have observed
interactions between ethnicity and other
sociodemographic factors,8,9 none has
explored the interactive effects between
ethnicity and severity of illness, as well
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Hispanic Americans have

become the largest minority

population and they will

continue to outpace the

growth of other ethnic groups

in years to come.

as interactive effects between ethnicity
and treatment environments in relation
to outcomes of AMI.

Finally, most studies on the AMI
treatment of Hispanics are either out-
dated or lack national representation in
their samples. Given the decline in the
AMI hospital mortality rate during the
last 10 years,9 current AMI outcome dif-
ferences between Hispanics and non-
Hispanic Whites remain to be known.
Hispanic Americans have become the
largest minority population and they
will continue to outpace the growth of
other ethnic groups in years to come.12

In order to realize the Healthy People
2010 goals to eliminate racial disparities
in health and health services,13 it be-
comes urgent that we improve the un-
derstanding of outcomes of treating ma-
jor diseases among Hispanic Americans.

To address these issues, we selected
AMI as the tracer disease and examined
associations of ethnicity with severity of
patient illness, treatment environments,
and outcomes. Developing an AMI-spe-
cific risk-adjustment approach and using
current national data, we explored in-
teractions between ethnicity and other
sociodemographic factors, between eth-
nicity and severity of illness, and be-
tween ethnicity and the treatment en-
vironments, on outcomes of treating
acute myocardial infarction. We believe
that our findings are useful in prioritiz-
ing areas for policy intervention to elim-
inate racial disparities and improve the
health and health care of the nation at
large.

METHODS

Disease Selection
We selected acute myocardial infarc-

tion because it is the principal disease in
the group of coronary heart diseases
(CHD). CHD, the leading cause of
death in the United States, is responsible
for about half a million deaths (one out
of every 5 US deaths) every year. There
were approximately 2.2 million hospital
discharges of CHD in 1999. The cost
of AMI and angina associated with
CHD was estimated to be $111.8 bil-
lion in 2001, of which $58.2 billion
were directly related to medical treat-
ment.1

Data
We abstracted data from the 1998

and 1999 National Inpatient Sample
(NIS), maintained by the Healthcare
Cost and Utilization Project (HCUP) of
the Agency for Healthcare Research and
Quality. The NIS contained discharges
from approximately 1,000 hospitals lo-
cated in 24 states, approximating a 20%
stratified sample of US community hos-
pitals. Due to lack of information about
patients’ ethnic background, we exclud-
ed discharges in 5 states: Georgia, Illi-
nois, Maine, Oregon, and Washington.
The 19 states remaining were: Arizona,
California, Colorado, Connecticut,
Florida, Hawaii, Iowa, Kansas, Massa-
chusetts, Maryland, Missouri, New Jer-
sey, New York, Pennsylvania, South
Carolina, Tennessee, Utah, Virginia,
and Wisconsin. AMI discharges were
identified by 2 criteria: 1) a principal
diagnosis of AMI, initial or unspecified
episode of care (ICD-9 codes: 410.x0 or
410.x1); and 2) a principal diagnosis of
a presumed AMI complication with a
secondary diagnosis of AMI.14 After
data cleaning, we identified a total of
185,778 discharges. We excluded 3,404
discharges (1.9%) whose length of stay
equaled zero, because those cases were
more likely to be either transferred to
another hospital or died when arriving
or shortly after arriving at hospital.

Among the 3,404 discharges, 2% were
Hispanics and 98% were non-Hispanic
Whites. A total of 182,374 AMI dis-
charges were included in analysis.

Severity of Illness and Risk
Adjustment

We developed an AMI-specific co-
morbidity index that reflected the sever-
ity of illness and risk of death caused by
the principal diagnosis.15 We used this
index for 2 purposes. First, we used it
to compare severity of illness of patients
across ethnic groups; and second, we
used it as risk-adjustment in assessing
care-seeking characteristics, process, and
outcome of care.

We developed the AMI specific co-
morbidity index in 5 steps. First, we
identified a total of 36 AMI relevant co-
morbidity conditions by incorporating
results of studies conducted by Romano
and colleagues14 and Elixhauser and col-
leagues.16 Second, controlling for age,
sex, race, insurance status, median in-
come by zip code of residence, and ad-
mission type,16 we conducted a multiple
logistic regression analysis on the rela-
tionship between each of the 36 co-
morbidities and in-hospital mortality,
respectively. The purpose of this regres-
sion analysis was to identify statistically
significant comorbidities and their odds
ratios in regard to hospital mortality. We
identified 31 comorbidities that were
statistically significant in predicting
mortality (Appendix 1). Among them,
6 were negatively associated with mor-
tality (ie, odds ratios less than one) and
the rest were positively associated with
mortality (ie, odds ratios greater than
one). Third, we used the 1995–1997
NIS data to validate the results obtained
from the 1998–1999 data. All of the
odds ratios from the 1998–1999 data
and 1995–1997 data were consistent ex-
cept 2. Infarction site on the inferior
wall and deficiency anemia were not sig-
nificant when using 1998–1999 data
(odds ratios [ORs], 0.87, 1.05) but were
significant when using 1995–1997 data
(ORs, 0.87, 0.83). Therefore, these 2
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conditions were not included in analy-
sis.

The fourth step was to calculate the
sum of the significant odds ratios for
each patient. For odds ratios that were
greater than one, we simply added them
together. For odds ratios that were less
than one, we inversed the number to
make it greater than one and then as-
signed a negative value to it (eg, for the
odds ratio of chronic pulmonary disease:
0.58, the inverse value equaled 1.72, the
final value was �1.72). In the fifth and
last step, we collapsed those values based
on frequency distributions and then
made the values to an integer scale. The
final AMI comorbidity scale consisted of
11 values ranging from �2 to 8, in-
cluding 0 (Appendix 2). Each patient
was assigned one of the 11 values; the
higher the value a patient had, the high-
er the mortality risk he or she had. A
zero value meant that the patient did
not have any comorbidity or the sum of
his/her comorbidities’ odds ratios
equaled zero. A negative value meant
that the patient’s comorbidity status was
associated with a lower mortality risk
than those who had no comorbidities;
the lower the value, the lower the mor-
tality risk. A positive value meant that
the patient’s comorbidity status was as-
sociated with a higher mortality risk
than those who were absent from co-
morbidities; the higher the value, the
higher the mortality risk. Based on our
data, we found that this AMI comor-
bidity index performed better in pre-
dicting hospital mortality (c-Statistic,17

0.87) than an AMI specific comorbidity
list developed by the California Hospital
Outcome Project (c-Statistic, 0.79),14

the comprehensive comorbidity list de-
veloped by Elixhauser and colleagues (c-
Statistic, 0.79),16 and the Charlson mor-
bidity list (c-Statistic, 0.74).18,19

Measures
In addition to measuring severity of

illness by the AMI-comorbidity index,
we measured aspects of the treatment
environments (defined as structure and

process) as well as outcome.20 Structure
is the setting in which health care takes
place and the instrumentalities of which
the process is the product. From a pa-
tient’s perspective, structure (ie, admis-
sion and hospital characteristics) can be
viewed as their care-seeking characteris-
tics that were measured by 5 variables
in our study. They were: 1) admission
through a transfer from another acute
hospital; 2) admission in a small-size
hospital; 3) admission in a teaching hos-
pital; 4) admission in a rural hospital;
and 5) admission in a low AMI-volume
hospital. Definitions of a hospital’s size,
teaching status, and urban-rural setting
were based on the American Hospital
Association’s annual survey classifica-
tion.21 Hospital volume was expressed as
the average number of AMI patients
discharged per year. The hospitals were
ranked in order of increasing total AMI
volume, and low-volume hospitals were
defined by the selection of a whole-
number cutoff point for annual volume
that most closely sorted the patients at
the bottom quintile (ie, 25%) and at the
bottom 10th percentile.22 In general,
small, non-teaching, rural, or low-vol-
ume hospitals are less experienced in
providing sophisticated and specialized
services compared to their large, teach-
ing, urban, and high-volume counter-
parts.22,23 Admission transferred from
another hospital, in general, indicates
severe clinical conditions that cannot be
handled by the first hospital or lack of
geographic access to sophisticated hos-
pitals at the first stop.23,24 Admission in
either teaching hospitals or urban-rural
hospitals is also associated with geo-
graphic locations since most teaching
hospitals are located in urban areas.25

We did not include ownership charac-
teristics of hospitals because, for 57% of
patients, the hospitals in which they
stayed were collapsed in ownership cat-
egory in the NIS data.

Process of care was measured by 3
specialized procedures often used in
conjunction with AMI: coronary arte-
riography (diagnostic); PTCA (thera-

peutic); and coronary artery bypass graft
(CABG) (therapeutic).8,26

We divided outcome into economic
outcomes and clinical outcomes. To
measure economic outcomes, we used 3
variables: 1) length of stay (LOS); 2) the
amount of total charges; and 3) average
charges per hospital day. The first 2,
highly correlated with each other, often
approximate the total amount of re-
sources used,27 while the third indicates
the average intensity of resource use
during hospitalization.

We used in-hospital mortality as the
primary clinical outcome measure be-
cause AMI has relatively high in-hospi-
tal mortality. Hospital mortality has
been one of the most frequently used
clinical outcome measures.28 In addi-
tion, we used another variable, being
discharged to a non-home-care and
non-acute-care health facility (eg, skilled
nursing facility [SNF]), to measure the
clinical outcomes, assuming a routine
discharge or discharged with home-care
as an ideal clinical outcome.

We categorized self-reported ethnic
background, the primary explanatory
variable, as Hispanic and non-Hispanic
White with the latter group being the
reference in comparison. For the focus
of the paper and the sake of simplicity,
we did not include African-American
and other ethnic groups in our analysis.

To control for potential confound-
ing factors, we included patients’ socio-
economic and demographic character-
istics such as age, sex, health insurance
status, and median income by zip code
of the patient’s residence. The median
income by zip code has been shown to
be associated with healthcare out-
comes.29,30 We also controlled for the
year of patients being discharged and for
geographic variations in policy and reg-
ulation among the 19 states.31,32

Analytical Techniques
We conducted logistic regression for

dichotomous response variables to ex-
amine relations of ethnicity with struc-
ture, process, and clinical outcomes of
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the treatments. Meanwhile, we used the
least square regression for continuous re-
sponse variables to examine relations of
ethnicity with severity of illness and eco-
nomic outcomes. When the response
variable was LOS, results of survival
analysis with the right-censored data
were also obtained to compare with re-
sults from the least square regression.33

Since both results were similar, only
those from the least square regression
are presented in this paper. In addition,
a natural logarithm transformation was
performed for continuous response var-
iables due to skewness of the data dis-
tributions. When the response variable
of multivariate analysis (ie, least square
regression or survival analysis) was con-
tinuous, we used age as a continuous
exploratory variable. When the respon-
sive variable (ie, logistic regression) was
dichotomous, for the purpose of ex-
panding the age to a meaningful inter-
val, we formed an ordinal variable, age-
group, that divided into 6 age-groups:
younger than 40, 40–49, 50–59, 60–
69, 70–79, and 80 or older.

We established a series logic relations
among variables in multivariate analysis.
When severity of illness was the re-
sponse variable, ethnicity and control
variables were included as exploratory
variables in the multivariate model.
When structure was the response vari-
able, severity of illness, ethnicity, and
control variables were included. When
process was the response variable, struc-
ture, severity of illness, ethnicity, and
control variables were included. Finally,
when (either economic or clinical) out-
come was the response variable, process,
structure, ethnicity, and control vari-
ables were all included in the multivar-
iate model.

We added interaction terms between
ethnicity and other exploratory variables
to examine the hospital mortality. Ac-
cording to Hosmer and Lemeshow,34 we
analyzed interactive effects on mortality
risk in 4 steps: 1) running the mortality
model that only included main effects
of the exploratory variables (see Model

C in Table 3 in the Results section); 2)
adding interaction terms between eth-
nicity and those exploratory variables
that were statistically significant main
factors (P�.05) into the main effect
model, to form an interactive model in-
cluding both main effects and interac-
tive effects (see Model D in Table 3); 3)
based on results of the interactive mod-
el, recalculating the odds ratios for those
variables whose interactions with ethnic-
ity were statistically significant (Table
4); and 4) interpreting the interactive ef-
fects, if any.

For the logistic regression model we
used the c-statistic and the Hosmer-Le-
meshow statistic to examine the model
fit.17,34,35 In the least square regression,
we checked the multicollinearity prob-
lem by examining the value of the var-
iance inflation factor (VIF) for each ex-
ploratory variable.36 For both logistic re-
gression and least square regression, we
used the forward stepwise selection to
avoid the multicollinearity problem.

RESULTS

Sociodemographic and
Hospitalization Characteristics

Unadjusted sociodemographic and
hospitalization characteristics are shown
in Table 1. Hispanic patients, on aver-
age, were 2 years younger than non-His-
panic White patients. Seven percent and
12.2% of Hispanic patients were unin-
sured and covered by Medicaid, respec-
tively, while the 2 percentages for non-
Hispanic patients were 3.6% and 3.1%,
respectively. A higher proportion of His-
panic patients (16.5%) than that of
non-Hispanic White patients (4.1%)
lived in areas where the median income
by zip code was less than $25,000, as a
lower proportion of Hispanic patients
(19.7%) than non-Hispanic White pa-
tients (29.0%) resided in areas where
the median income by zip code was
$45,000 or higher.

Hispanic patients had a slightly
higher average comorbidity index (1.5)

than that of non-Hispanic White pa-
tients (1.4). About 8% and 66% of His-
panic patients went to small and large
hospitals, respectively, while 12.4% and
59.7% of non-Hispanic White patients
went to small and large hospitals, re-
spectively. Among Hispanic patients,
39.5% went to teaching hospitals, 4.4%
went to rural hospitals, and 22.4% went
to low-volume hospitals; and use of hos-
pitals for non-Hispanic White patients
were 42.2%, 15.3%, and 25.2%, re-
spectively. On average, Hispanic pa-
tients stayed 6.0 days in hospital while
non-Hispanic White patients stayed 5.6
days; and Hispanic patients had the to-
tal charges of $29,332 with an average
hospital charge per day of $5,951, while
non-Hispanic White patients had
$24,255 and $5,168, respectively. Com-
pared to 11.8% of non-Hispanic White
patients, only 8.7% of Hispanic patients
were discharged to other non-acute
health facilities. Finally, the crude hos-
pital mortality rates for non-Hispanic
White patients and Hispanic patients
were 9.3% and 8.0%, respectively; while
the age- and sex-adjusted mortality rates
were 9.2% and 8.4% for non-Hispanic
White patients and Hispanic patients,
respectively.

Relationships of Ethnicity with
Severity of Illness and
Treatment Environments

Results of the multivariate analysis
are shown in Table 2. Hispanic patients
had a higher comorbidity index than
that of non-Hispanic White patients
(regression coefficient [RC], 0.015).
Compared to non-Hispanic White pa-
tients, Hispanic patients were less likely
to seek acute care in small hospitals
(OR, 0.67), rural hospitals (OR, 0.39),
or low-volume hospitals (OR, 0.90),
but more likely to seek care in teaching
hospitals (OR, 1.74). The likelihood of
receiving specialized procedures for His-
panic patients, compared with non-His-
panic White patients, was also lower for
arteriography (OR, 0.74), PTCA (OR,
0.83), and CABG (OR, 0.85). In spite
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Table 1. Patients’ sociodemographic and hospitalization characteristics*

All Patients
(N�182374)

Non-Hispanic White
(N�172520)

Hispanic American
(N�9854)

Socio-demographic characteristics
Age, mean (SD), y
Female
Health insurance
Medicare

69.2 (13.7)
73623 (40.4)

112226 (61.5)

69.3 (13.7)
69706 (40.4)

107184 (62.1)

67.3 (13.5)
3916 (39.7)

5042 (51.2)
Medicaid
Private insurance
Uninsured

Median income by zip code of residence
�$25,000

6590 (3.6)
56753 (31.1)
6795 (3.8)

8708 (4.8)

5393 (3.1)
53849 (31.2)
6094 (3.6)

7070 (4.1)

1197 (12.2)
2914 (29.6)
701 (7.0)

1629 (16.5)
$25,000–$34,999
$35,000–$44,999
�$45,000

Severity of illness
Comorbidity index, mean (SD)

63728 (34.9)
57938 (31.8)
52000 (28.51)

1.43 (2.31)

60260 (34.9)
55117 (32.0)
50064 (29.0)

1.43 (2.30)

3468 (35.2)
2821 (28.6)
1936 (19.7)

1.50 (2.39)
Structure
Admission through a transfer
Hospital size
Small
Median

24504 (13.4)

22179 (12.2)
50769 (27.8)

23192 (13.4)
21403 (12.4)
48196 (27.9)

1312 (13.3)

776 (7.9)
2573 (26.1)

Large
Admission in teaching hospital
Admission in rural hospital
Admission in a low volume hospital

Process

109426 (60.0)
76637 (42.0)
26820 (14.7)
45652 (25.0)

102921 (59.7)
72748 (42.2)
26388 (15.3)
43450 (25.2)

6505 (66.0)
3889 (39.5)
432 (4.4)
2203 (22.4)

Receiving arteriography
Receiving PTCA
Receiving CABG

Outcome
Economic outcome

85469 (46.9)
41749 (22.9)
18511 (10.2)

81344 (47.2)
39785 (23.1)
17664 (10.2)

4125 (41.9)
1964 (19.9)
847 (8.6)

Length of stay, mean (SD), d
Total charges, mean (SD), $
Charges per hospital day, mean (SD), $

Clinical outcome
Discharged to SNF or other health facility
Discharge status equals death
Age- and sex-adjusted hospital mortality, %

5.6 (5.1)
24528.3 (28308.0)
5210.1 (4839.1)

21141 (11.6)
16714 (9.2)

9.2

5.6 (5.1)
24254.5 (28034.4)
5167.8 (4819.60

20282 (11.8)
15924 (9.3)

9.2

6.0 (5.5)
29322.0 (32358.8)
5950.7 (5112.1)

859 (8.7)
790 (8.0)
8.4

* Data are expressed as number and percentage unless otherwise indicated.

of having both a longer average LOS
(RC, 0.091) and higher average total
charges (RC, 0.061), Hispanic patients
incurred lower average charges per hos-
pital day than that of non-Hispanic
White patients (RC, �0.032), which
was opposite to the result shown in Ta-
ble 1 in which Hispanic patients had
higher unadjusted average charges per
hospital day. Finally, Hispanic patients
were less likely to be discharged to other
non-acute care health facilities than
were non-Hispanic White patients.

Factors Associated with
Hospital Mortality

Table 3 lists results from 4 models
that compared the hospital mortality of
Hispanic patients and non-Hispanic
White patients. Results from Model A,
which only included ethnicity and other
sociodemographic factors as exploratory
variables, indicate a marginal association
between ethnicity and hospital mortality
(OR, 0.92, P�.1). Once taking into ac-
count the severity of illness (Model B),
however, we found that Hispanic pa-

tients were significantly less likely to die
in hospitals than non-Hispanic White
patients (OR, 0.83). Furthermore, after
controlling for sociodemographic fac-
tors, as well as severity of illness, struc-
ture, and process (Model C), we still ob-
served the mortality odds ratio (0.78)
favoring Hispanic patients.

Based on the results from the Model
C in Table 3, 14 interaction terms were
formed between Hispanic American
(HA) and the 14 significant main effect
variables in the Model C; then, among
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Table 2. Relationships between ethnicity and the five dimensions of hospital and care (N�182374)†

Response Variable

Hispanic American

Odds Ratio
95% of C.I. for
Odds Ratio c-Statistic

Severity of illness
Comorbidity index, parameter estimate, SE, adjusted R-square‡

Structure
Admission through a transfer
Admission in a small hospital

0.015***

1.01
0.67***

0.005

0.95–1.08
0.62–0.73

0.06

0.63
0.68

Admission in a teaching hospital
Admission in a rural hospital
Admission in a low volume hospital
Hospital volume within the bottom quantile (25th percentile)
Hospital volume within the bottom 10th percentile

1.74***
0.39***

0.90***
0.92*

1.65–1.83
0.35–0.44

0.84–0.95
0.84–1.01

0.71
0.79

0.66
0.72

Process
Receiving arteriography
Receiving PTCA
Receiving CABG

Outcome

0.74***
0.83***
0.85***

0.70–0.78
0.78–0.88
0.79–0.91

0.81
0.81
0.77

Clinical outcome
Length of stay, parameter estimate, SE, adjusted R-square‡
Total charges, parameter estimate, SE, adjusted R-square‡
Charges per hospital day, parameter estimate, SE, adjusted R-square‡

Clinical outcome§
Discharged to SNF or other health facility

0.091***
0.061***

�0.032***

0.80***

0.007
0.007
0.005

0.73–0.86

0.26
0.56
0.46

0.78

* P�0.10, ** P�0.05, *** P�0.01.
† Results are expressed as odds ratio, 95% confidence interval, and c-statistic unless otherwise indicated. The full-table results containing all variables are available upon

request to the corresponding author.
‡ Results of the least square regression, dependent variables transformed by the natural logarithm during regression.
§ Results of hospital mortality are shown in Table 3.

them, 2 were selected by the stepwise
regression because of their statistical sig-
nificance (Model D). In addition to the
main effect variables, interactions be-
tween HA and the comorbidity index
(COMI), as well as receiving PTCA, re-
spectively, were also associated with hos-
pital mortality. Table 4 shows interactive
odds ratios, from which we can see that
both the observed and the predicated
odds ratios were consistent for the in-
teractions between Hispanic ethnicity
and receiving PTCA, but only partly
consistent for interactions between His-
panic ethnicity and the comorbidity in-
dex. The lower mortality of Hispanic
patients over non-Hispanic White pa-
tients was only detected among those
who did not receive PTCA (ORs, 0.82
for observed, 0.63 for predicted). For
patients who received PTCA, there were
comparable mortality risks between the
2 ethnic groups (CIs, 0.76–1.24 for ob-
served, 0.67–1.24 for predicted).

For the interaction between Hispan-
ic ethnicity and the comorbidity index,
the observed and predicated odds ratios
were fairly consistent when the comor-
bidity index was equal to or greater than
zero. As the comorbidity conditions be-
came more severe, the mortality differ-
ence between the Hispanic and non-
Hispanic White patients gradually dis-
appeared (ie, from the CIs not including
1 eventually to the CIs including 1).
Among patients with a negative comor-
bidity index (ie, �1, �2), the observed
odds ratios were not significant (CIs,
0.24–2.42, 0.50–1.29) while the predi-
cated odds ratios were (ORs, 0.58,
0.60). It seems that the series of the ob-
served odds ratios indicated some U-
shape interactive relationships between
race and the comorbidity index in terms
of the effect on mortality, as the series
of the predicted odds ratios showed mo-
notonous interactions. Overall, al-
though Hispanics still had the lower

mortality risk, the differences in the
mortality odds between Hispanic pa-
tients and non-Hispanic White patients
tended to get smaller (ie, odds ratios in-
creased towards to one) as the comor-
bidity index became greater values.

DISCUSSION

Based on national, comprehensive,
and recent data, we found marked var-
iations in a wide range of aspects of hos-
pital care between Hispanic and non-
Hispanic White AMI patients. These
variations are, in part, associated with
sociodemographic, socioeconomic, or
cultural factors, as well as severity of ill-
ness and the treatment environments.
Hispanic patients had more severe co-
morbidity conditions than non-Hispan-
ic White patients did when arriving at
hospitals; and, among these comorbidi-
ties, some were lifestyle or behavior re-
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Table 3. Factors associated with in-hospital mortality (N�182374)†

Explantory Variables

Model A:
Generic Model (1)
(c-Statistic � 0.69)

Odds
Ratio

95% C.I. for
Odds Ratio

Model B:
Generic Model (2)
(c-Statistic � 0.86)

Odds
Ratio

95% C.I. for
Odds Ratio

Model C:
Without Interactions
(c-Statistic � 0.87)

Odds
Ratio

95% C.I. for
Odds Ratio

Model D:
With Interactions
(c-Statistic � 0.87)

Odds
Ratio

95% C.I. for
Odds Ratio

Hispanic American (HA)
Socio-demographic characteristics
Age group
Sex, female
Medicaid

0.92*

1.72***
1.11***
1.17**

0.84–1.01

1.68–1.75
1.07–1.15
1.03–1.33

0.83***

1.52***
1.18***

‡

0.77–0.90

1.49–1.55
1.13–1.22

‡

0.78***

1.38***
1.14***

‡

0.71–0.85

1.35–1.41
1.10–1.18

‡

0.63***

1.38***
1.14***

‡

0.53–0.75

1.35–1.41
1.10–1.18

‡
Private insurance
Uninsured
Median income by zip code

Severity of illness
Comorbidity index (COMI)

0.74***
‡
‡

0.70–0.79
‡
‡

0.85***
1.18**
0.97**

1.68***

0.80–0.90
1.03–1.35
0.95–1.00

1.67–1.69

0.87***
1.14*
0.97**

1.67***

0.82–0.92
0.99–1.30
0.95–1.00

1.66–1.69

0.87***
1.14*
0.97**

1.67***

0.82–0.92
1.00–1.30
0.95–0.99

1.66–1.68
Structure
Admission through a transfer
Hospital bedsize
Admission in a teaching hospital
Admission in a rural hospital

0.92**
1.11***
1.19***
0.84***

0.86–0.99
1.08–1.15
1.14–1.24
0.79–0.89

0.92**
1.11***
1.19***
0.84

0.86–0.99
1.08–1.15
1.14–1.24
0.79–0.89

Admission in a low volume hospital
Process
Receiving arteriography
Receiving PTCA

0.92**

0.47***
0.77***

0.86–0.99

0.45–0.50
0.72–0.83

0.92**

0.47***
0.76***

0.86–0.99

0.45–0.50
0.71–0.82

Receiving CABG
Interactions
HA*COMI
HA*PTCA

0.82*** 0.76–0.89 0.82***

1.04**
1.45**

0.76–0.88

1.01–1.08
1.09–1.93

* P�0.10, ** P�0.05, *** P�0.01.
† The full-table results containing all variables are available upon request to the corresponding author.
‡ Variable not selected by the stepwise regression model at the significant level of P�0.1.

Table 4. Interactive effects of ethnicity and other factors on mortality risk
(N�182374)

Interactive Factors

Hispanic American

Observed
Odds Ratio

95% C.I. for
Odds Ratio

Predicted
Odds Ratio

95% C.I. for
Odds Ratio

Comorbidity index
�2
�1
0
1

0.76
0.80
0.69
0.60

0.24–2.42
0.50–1.29
0.50–0.96
0.45–0.81

0.58
0.60
0.63
0.66

0.45–0.74
0.49–0.75
0.53–0.75
0.56–0.77

2
3
4
5
6

0.62
0.70
0.80
0.76
0.89

0.46–0.84
0.56–0.88
0.64–0.99
0.62–0.94
0.69–1.16

0.68
0.71
0.74
0.78
0.81

0.60–0.78
0.64–0.79
0.68–0.82
0.71–0.85
0.73–0.90

7
8

0.86
0.90

0.66–1.13
0.69–1.18

0.85
0.88

0.74–0.97
0.75–1.03

Receiving PTCA
Yes
No

0.98
0.82

0.76–1.24
0.76–0.89

0.91
0.63

0.67–1.24
0.53–0.75

lated. As shown in Figure 1, relatively
more Hispanic patients than non-His-
panic White patients had diabetes (both
complicated and uncomplicated diabe-
tes collapsed), hypertension, and sub-
stance abuse (all P values �.01), al-
though the obesity rates of the 2 ethnic
groups were the same. These lifestyle co-
morbidities are risk factors for AMI.1

They are deeply rooted into one’s socio-
economic status (eg, health insurance,
income, education, or occupation) and
cultural factors (language, communica-
tion skills, or cultural isolation). Fur-
ther, the higher incidence of having
these behavioral risk factors among His-
panic patients might also be explained
by lack of regular primary care sources,
which has been well documented.37

However, the relatively lack of regular
care sources of Hispanic Americans,
again, could link back to their relatively
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Fig 1. Life-style risk factors by ethnicity (N�182374)

lower socioeconomic status and higher
cultural barriers to health care.38

It seemed that patient hospital selec-
tion or the care-seeking characteristics
were more or less determined by geo-
graphic factors associated with ethnicity.
Hispanic Americans disproportionally
living in urban or metropolitan areas39

might, in part, explain why they were
less likely to seek care in small, rural, or
low-volume hospitals, but meantime
more likely to seek care in teaching hos-
pitals, in comparison with non-Hispanic
Whites. Since most large and teaching
hospitals were located in non-rural areas
and these hospitals had greater resources
and were more experienced in providing
specialized clinical procedures and deal-
ing with severe and complicated condi-
tions such as AMI, Hispanic patients,
compared to non-Hispanic White pa-
tients, had better geographic access to
more sophisticated hospitals and had
less hospital transfers. It was also possi-
ble that relatively more Hispanic pa-
tients went to teaching hospitals simply
because many teaching hospitals were
public hospitals in which most under-
served minorities were served.

Although we, in accord with other
literature, found that Hispanic patients
used fewer specialized procedures, expla-
nations of why might not be simple.
More comorbidity conditions might
prevent Hispanic patients from receiv-

ing some complicated clinical proce-
dures. As our results indicated, the high-
er incidence of diabetes among Hispanic
patients made them less clinically appro-
priate for receiving CABG. The second
explanation could be the bias of health
delivery system against minority pa-
tients. Although our data did not allow
us to examine the existence of this bias,
other studies found that both non-His-
panic White and African-American phy-
sicians were biased against African-
American patients in providing special-
ized procedures.40 Future research efforts
can examine whether physicians inten-
tionally or unintentionally provide fewer
specialized services to Hispanic patients
without clinical justification. It is also
worthy to mention that the physicians’
bias might be related to financial incen-
tives as well. Since Hispanic and other
minority patients were disproportionally
poor or uninsured (Table 1),41 it might
be less attractive to providers to offer ex-
pensive services to these groups. Finally,
when detecting racial differences in us-
ing clinical procedures, one may ques-
tion 2 situations: under-use of minority
patients or over-use of non-Hispanic
White patients, which might be the
case. Our findings seem to have the
same puzzle. On one hand, we did not
see the under-use of Hispanic patients
because they had a lower mortality. On
the other hand, we did not seem to see

the over-use of non-Hispanic White pa-
tients either because, as shown in results
of the interaction analysis (Table 4),
higher mortality of non-Hispanic White
patients, as opposed to Hispanic pa-
tients, disappeared among those who re-
ceived PTCA but persisted among those
without PTCA.

Hispanic patients simultaneously
having longer LOS and higher charges
were reasonable because the 2 are usu-
ally highly correlated. Although the to-
tal charges might not be a perfect in-
dicator of efficiency, it more or less ap-
proximated the resource use in hospital
care.8,42 Using the LOS to indicate effi-
ciency might also be arguable because
the LOS could be regarded as an out-
come indicator. For example, more se-
vere patients might stay in hospitals lon-
ger. Regardless of being an efficiency or
outcome indicator, however, our results
about the LOS seemed interpretable and
consistent. Possible explanations why
Hispanic patients had longer length of
stay were due to the facts that: 1) more
severe comorbidity conditions that re-
quired longer hospital stay; 2) since
non-Hispanic White patients used more
specialized procedures that have been
proven clinically effective, they would
be discharged faster; 3) relatively more
Hispanic patients are treated in teaching
hospitals where care could be more ex-
pensive and longer,21 in part, due to
their practice patterns related to medical
education and research; and 4) relatively
more non-Hispanic White patients were
discharged to other non-acute health fa-
cilities, which shortened their stay in
hospitals. Combining the findings that
Hispanic patients received fewer spe-
cialized procedures, stayed in hospital
longer with lower intensity of care (ie,
lower average charges per hospital day),
had higher total charges, and fewer were
discharged to non-acute health facilities,
one might ask whether we could have
more Hispanic patients discharged to
non-acute health facilities to shorten the
LOS. Theoretically, if we could achieve
this, we may reduce the total charges of
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The interesting results of

larger or teaching hospitals

associated with a higher

mortality and rural hospitals

associated with a lower

mortality were also

contradictory to findings of

most previous studies.22,23,25

hospital care to increase efficiency. Prac-
tically, however, it may be difficult be-
cause of possible lack of discharging
channels among Hispanic patients.
Since most non-acute facilities (eg,
SNF) are private, among which many
are for-profit, it would be more difficult
for Hispanic patients to access non-
acute facilities because of their relatively
lower socioeconomic status and weaker
financial accountability (eg, dispropor-
tionally uninsured). On the other hand,
not-for-profit private hospitals and pub-
lic hospitals, subsidized by government
or private sources, provide a large
amount of indigent care to socioeco-
nomically vulnerable populations. If pa-
tients could not be discharged to non-
acute facilities but were not ready to be
sent to home yet, they stayed longer in
hospital.

The most surprising result, perhaps,
was the persistent lower hospital mor-
tality risk among Hispanic patients than
that among non-Hispanic White pa-
tients, regardless of the treatment envi-
ronments (except receiving PTCA). In
fact, our findings might not be surpris-
ing at all because they were consistent
with results of previous studies (accord-
ing to our literature review) in that no
study has found a higher AMI hospital
mortality among Hispanic patients than
among non-Hispanic White patients.

What surprised us even more was
that the mortality odds ratios, in favor
of Hispanic patients, became smaller (ie,
Hispanics had a lower and lower mor-
tality risk) when more and more vari-
ables were controlled (Table 3). It in-
dicated that some important variables
and relevant interactions were of ab-
sence in our analysis. In particular, as
the results of the treatment environ-
ments were less favorable to Hispanic
patients than to non-Hispanic White
patients, the survival advantage of the
former seemed to be more unexplain-
able. As compared to non-Hispanic
White patients, Hispanic patients who
had greater comorbidity indices were: 1)
less likely to go to rural or low-volume

hospitals that were negatively associated
with mortality; 2) more likely to go to
large or teaching hospitals, which were
positively associated with mortality; and
3) less likely to receive specialized pro-
cedures, which were negatively associ-
ated with mortality, but still had a lower
mortality risk. The interesting results of
larger or teaching hospitals associated
with a higher mortality and rural hos-
pitals associated with a lower mortality
were also contradictory to findings of
most previous studies.22,23,25 One possi-
ble explanation could be that the large
or teaching hospitals treat more severe
AMI patients whose severity of illness
were not fully represented by our co-
morbidity index based on the adminis-
trative data set. Nonetheless, the com-
bination of these findings with 2 inter-
action effects (ie, the survival advantage
of Hispanic patients over non-Hispanic
White patients) became smaller when
severity of illness became greater, the
mortality difference between the 2 eth-
nic groups disappeared among patients
who received PTCA), thus highlighting
the complex nature of ethnicity and its
effects on outcomes of care in healthcare
delivery. In other words, ethnicity in-
corporates biological, socioeconomic,
and cultural characteristics of patients
and refers to both genetic and behav-
ioral traits that interact with healthcare
delivery environments to affect out-
comes.8,40,43–46

Future research may pursue new
contributions in further understanding
the hospital care of Hispanic patients in
several aspects. First, researchers should
obtain more detailed clinical informa-
tion (eg, vital signs, results of lab tests
and specialized procedures) to examine
etiologic characteristics of AMI between
Hispanic and non-Hispanic White pa-
tients. We think that using other clinical
process indicators (eg, aspirin, beta-
block, or ACI inhibitor administration)
might not be particularly helpful in ex-
plaining the lower mortality of Hispanic
patients, because studies have found
that Hispanic patients were more likely
to have poorer process indicators than
non-Hispanic White patients.6,47 Sec-
ond, since literature has reported lack of
regular physician care and more fre-
quent preventable hospitalization
among minorities,37,48 one may think
the more frequent use of hospital care,
including emergent care as the usual
source of care among Hispanics, could
give them a survival advantage in the
case of AMI. Since AMI is an emergent
condition that often causes patients to
immediately rush to a hospital, we do
not believe that the physician referral is
a major factor to delay the hospital care
for non-Hispanic White patients. How-
ever, we do think that future studies
should also focus on times and travel
distances from onset of AMI symptoms
to receiving treatment among different
ethnic patients, as a few studies have re-
ported a longer time to care for non-
Black patients than for non-Hispanic
White patients.47 Given that Hispanics
disproportionally live in city or metro-
politan areas, as compared to non-His-
panic Whites, we estimate that the trav-
eling time to hospitals for AMI might
be shorter among Hispanic patients
than among non-Hispanic White pa-
tients. Third, researchers may start ex-
ploring biological or genetic factors that,
if exist, may influence outcomes for
Hispanics because combining sociode-
mograpic and socioeconomic factors, se-
verity of illness, and treatment environ-
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ments could not remove mortality dif-
ferences between the 2 ethnic
groups.11,49 Before studying the biologi-
cal attributes, it will be helpful if we
could have information to further divide
the Hispanic population into sub-ethnic
groups such as Hispanic White, Hispan-
ic Black, or the mix. Then, the Hispanic
sub-groups can be respectively com-
pared with non-Hispanic Whites to see
whether we can obtain any new expla-
nations. Finally, future studies may se-
lect other major diseases (eg, heart fail-
ure, stroke, diabetes, or cancer) to de-
termine whether similar results can be
obtained across diseases.

Our analysis has other limitations.
The NIS data did not allow us to ex-
amine post-discharge outcomes, such as
30-day or 180-day post-discharge mor-
tality and readmission, from which
long-term outcomes can be assessed and
multiple admissions can be identified.
Studies have found that Hispanic and
non-Hispanic AMI patients had a com-
parable 30-day post-discharge mortali-
ty.6 Also, available information on in-
dividual patient education and income
may also enhance the measurement of
socioeconomic status. Finally, exclusion
of the 5 states reduced the generaliz-
ability of our findings.

In conclusion, given the fact that
Hispanic Americans are a sub-popula-
tion bearing high behavioral risk factors
for acute myocardial infarction and that
they do have a high rate of AMI hos-
pitalization,49 behavioral medicine-ori-
ented prevention strategies, public
health measures to encourage healthy
lifestyles, and public policies to reduce
financial and cultural barriers to regular
care are undoubtedly important to re-
duce these risk factors among the His-
panic population. At the same time,
however, the unexpected survival advan-
tages of Hispanic patients over non-His-
panic White patients in hospital care re-
main to be explained. More resources
should be provided to target generic at-
tributes in relation to diseases among
different ethnic populations, through

which the AMI survival advantage of
Hispanics over non-Hispanic Whites
will be better explained. In addition,
other social factors or clinical factors
missing from our data may be identified
to explain racial disparities in outcome.
Finally, perhaps counter-intuitively,
public attention should also be given to
those non-Hispanic Whites (especially
living in rural areas) who are tradition-
ally believed to have better care and out-
comes, but who may, in fact, be disad-
vantaged in the case of AMI. Enhancing
access to specialized services (eg, PTCA)
should improve their outcome.
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Appendix 1. AMI Comorbidities and
Their Relations with Hospital Mortality

Comorbidity Condition

Associ-
ation
with

Mortal-
ity

Acute or unspecified renal failure
Aspiration pneumonia
Cardiac arrhythmias
Catastrophic sequelae fo AMI
Central nervous system disease

�
�
�
�
�

Chronic renal failure
Coagulopathy
Coma
Complete atrioventricular block
Complicated diabetes

�
�
�
�
�

Congestive heart failure
Depression
Fluid electrolyte disorders
High-risk or secondary malignant
neoplasm

Hypertension

�
�
�
�

�
Hypothyroidism
Infarction site on anterior wall
Ischemic bowel or liver
Liver disease
Metastatic cancer

�
�
�
�
�

Obesity
Other cerebrovascular disease
Other infarction site
Paralysis
Paroxysmal ventricular tachycardia

�
�
�
�
�

Peptic ulcer disease excluding
bleeding

Pulmonary edema
Seizure disorder
Shock
Thyroid disease
Weight loss

�
�
�
�
�
�

Appendix 2. Frequency Distribution
of AMI Comorbidity Index Scores
(N�182,374)

Comorbidity
Index Score Frequency Percent

�2
�1
0
1
2

6151
29245
44744
31154
19798

3.37
16.04
24.53
17.08
10.86

3
4
5
6
7
8

20090
11475
8181
4344
4117
3075

11.02
6.29
4.49
2.38
2.26
1.69
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