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Abstract
Rates of acute myocardial infarction (AMI) hospitalizations for elderly Medicare patients
decreased during the last decade. However, trends in population rates of AMI hospitalizations for
all adults by subgroups have not been described. Using data from a large, all-payer administrative
database of hospitalizations, we calculated annual AMI hospitalization rates from 2001 to 2007.
Trend analysis was performed across age, gender and ethnicity categories using survey regression.
The overall rate decreased from 314 to 222 AMI hospitalizations per 100,000 persons from 2001
to 2007, representing a 29.2% decline. Significant declines were observed in the AMI
hospitalization rate for each group by age categories (p < 0.001) and by gender (p < 0.001). When
stratified by ethnicity and gender, the age-adjusted AMI hospitalization rates in white men and
women decreased by 30.8% and 31.4% while black men and women had significantly slower rates
of decline of 13.6% and 12.6%, respectively. In conclusion, while the overall rate of AMI
hospitalizations decreased over the 2001 to 2007 period, the observed decline was smaller for
black patients compared with white patients across all age groups studied.
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Introduction
Recent studies have reported substantial decreases in AMI hospitalization rates in older,
Medicare fee-for-service patients and in studies with data collected within a single state (1–
5). Despite the impact of AMI on the inpatient health care system, it is not known whether
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the recent trends in the Medicare fee-for-service population are generalizable to younger
patients and other subgroups. While prior work has demonstrated that there may be ethnicity
and gender based disparities in early mortality for myocardial infarction (6–7), it is not
known whether these differences are present in AMI hospitalization trends in younger
populations. Characterizing differences in AMI hospitalization rates among a larger group of
patients stratified by age, gender, and ethnicity may highlight areas of relative progress and
help guide decisions on optimal allocation of resources in prevention strategies. AMI
hospitalization trends from a large national database may also provide hypothesis generating
insights on the benefits of recent improvements in primary and secondary prevention in
cardiovascular disease (8–9). The National Inpatient Sample (NIS) from the Healthcare Cost
and Utilization Project (HCUP) is an all-payer administrative database of hospitalization.
HCUP includes information from Medicare, Medicaid, active and retired military insurance,
private insurers and the uninsured, which provides a more representative sample of patients.
The NIS sample includes 41 states which accounts for approximately 94% of the US
population (10). For this study, we examined recent AMI hospitalization rates during 2001–
2007 in using an all-payer database, and compare AMI trends between age, gender and
ethnicity subgroups.

Methods
The National Inpatient Sample (NIS) from the Healthcare Cost and Utilization Project
(HCUP) is a longitudinal hospital inpatient database containing all discharge data from over
1,000 hospitals located in 41 states, approximating a 20% stratified sample of U.S.
community hospitals. The NIS captures both incident and recurrent AMI hospitalizations.
Data include discharge-level data files with both trend weights and data elements
consistently defined across data years
(http://www.hcup-us.ahrq.gov/db/nation/nis/nistrends.jsp). Using NIS data in HCUP from
2001–2007, we selected the following fields for analysis: age, gender, ethnicity, discharge
status, length of stay, in-hospital death, principal diagnosis codes in order to identify AMI
hospitalization, state of hospitalization, and the universal discharge weights which can be
used to estimate the total number of events or admissions of the hospital. A hospitalization
was classified as an AMI hospitalization if the primary discharge diagnosis was 410.xx,
excluding 410.x2, based on International Classification of Diseases, 9th revision, clinical
modification. We included only primary discharge diagnoses of AMI since non-primary
diagnoses may not reflect an acute process or does not reflect the reason for admission.

2000 Census data with annual, intercensal survey adjustments were used to calculate each
subgroup population of subjects at risk for AMI in order to calculate population-based
overall and AMI rates. (http://www.census.gov/popest/states/). Corresponding numbers of
people are calculated for the subgroups stratified by state, age groups, gender, and ethnicity
in separate years from these data.

All discharges from hospitals in the HCUP-NIS from 2001–2007 were initially included
(n=55,402,296). We then excluded discharges with missing data on patient age, gender,
length of stay, and in-hospital death (n=194,331, 0.4%); discharges in which patients’ age is
< 18 years old (n=9,735,028, 17.3%); discharges in which the patient discharged alive and
on the same day of the admission because they were unlikely to be with acute disease
(n=832,472, 1.8%); and discharges in which the patient was transferred in from another
hospital (n=155,008, 3.5%), leaving a cohort of 43,272,788 discharges. To examine the
trend stratifying by ethnicity in white and black patients, we limited to the 21 states that
reported ethnicity data during each year in the study and excluded discharges in which the
patients’ ethnicity was neither white nor black, which resulted in a study cohort of
22,713,429 discharges.
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The AMI hospitalization rate was expressed as the number of AMI hospitalizations divided
by the number of corresponding Census based persons within a given group. First we
examined the distribution of AMI patients’ characteristics related to age (<45, 45 to <55, 55
to <65, 65 to <75, and ≥75 years), gender (male and female), and ethnicity (white and
black). Then we examined the AMI hospitalization rates stratified by subgroups of age,
gender, and ethnicity. We also calculated overall hospitalization rates stratified by subgroups
of age, gender and ethnicity to provide a comparison for trends observed in AMI
hospitalizations. Finally, we calculated the age-adjusted AMI hospitalization rates in the
subgroups determined by a combination of gender and ethnicity. Linear trend of adjusted
rates over different year was calculated using Poisson regression analyses. All the rates were
calculated per 100,000 persons based on population information from the Census summary
data. All statistical analyses of hospitalization rates were conducted with SAS version 9.2
(SAS Institute Inc, Cary, NC).

Results
There were 2,179,509 AMI hospitalizations from 2001 to 2007 in the study sample. The
overall rate decreased from 314 AMI hospitalizations per 100,000 persons to 222 AMI
hospitalizations per 100,000 persons, representing a 29.2% decline. The decline in AMI
hospitalizations occurred in the setting of a 5.2% decline in the population based rate of
hospitalizations in the same dataset. There was a significant decline (with relative decreases
in percentages) over the study period in AMI hospitalization rate for each group by age
category: <45 years of age (24.6%), 45 to < 55 years of age (26.7%), 55 to <65 years of age
(34.0%), 65 to < 75 years of age (34.8%), and ≥ 75 years (32.4%) (Table 1, p < 0.001 for
each age category). Similarly, significant declines were also seen across gender and
ethnicity (Table 1, p < 0.001).

Absolute decreases in the AMI hospitalization rate were greater in older patients compared
with younger patients. For example, the absolute change was 518 AMI hospitalizations per
100,000 persons for patients >75 years compared with 7 AMI hospitalizations per 100,000
persons for patients <45 years). The rate in men and women decreased 109 and 76 AMI
hospitalizations per 100,000 persons and there is a significant higher percent decline in men
compared with women (p<0.01). Additionally, white adults had a greater absolute decline
compared with black adults (100 vs. 32 AMI hospitalizations per 100,000 persons), however
the linear decline trends were not significant between white and black patients (P=0.2).

The relative decline in AMI hospitalization rates in white and in black patients was 30.8%
and 13.7%, respectively. While the overall decline in AMI hospitalization rates in black
patients was significant over the 2001–07 period, there was an upward trend over the 2001–
02 and 2005–07 periods.

Table 2 showed the AMI hospitalization rates stratified by gender and ethnicity in different
age groups for patients from a subgroup of states reporting ethnicity data in all the years
during the 2001–2007 period. In the group < 45 years of age, only white men demonstrated
a significant decline in AMI hospitalization rates. White women had minimally lower rates
while black men and women showed a slight increase although these changes did not reach
significance. In all other age groups, every category by ethnicity and gender showed a
significant decline in AMI hospitalization rates (p < 0.01).

White men had the largest absolute decrease in AMI hospitalization rates in each age group
studied. While white men had the highest AMI hospitalization rate in each age category in
the first year of the study, by 2007 black men had the highest AMI hospitalization rate in
four out of five age categories. The pattern of relative changes in AMI hospitalization rates
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was similar to the changes observed in absolute rates. White men or women had the largest
or second largest relative decline in all age groups with significant trends. Black men and
women had smaller relative declines ranging from −0.7–28.8% but had the lowest or second
lowest relative decline in all age groups with significant trends.

Age-adjusted AMI hospitalization rates over the 2001–2007 period are presented in Table 3.
White men had a 30.8% relative decline while white women had a 31.4% relative decline
with a year-to-year decrease in the absolute rate. Relative declines in black men and women
were 13.6% and 12.6%, respectively. The rates in black men were lower than in white men
during the first year of the study (p=0.004) and were not significantly different during the
last year of the study (p=0.6). This relative change can be explained by the greater decreases
observed in the AMI hospitalization rate in white men compared with black men. In
contrast, rates in black women and white women did not differ during the first year of the
study (p=0.5) but by the last year of the study, rates in white women were significantly
lower (p<0.001). The diverging rates over the study period between black and white women
were driven primarily by the trend that white women had the second largest absolute
decrease in two of the age groups studied, despite having the lowest or second lowest initial
AMI hospitalization rate. While there was not a consistent year-to-year decline in black men
and women, the overall trend was significant. The observed increase in black men and
women over the 2005–2007 period was not significant.

Discussion
The AMI hospitalization rate for adult patients from an all-payer database has declined
29.2% from 2001–2007. Had overall hospitalization rates remained at 2001 levels over the
study period, this would have resulted in approximately 500,000 more AMI hospitalizations
over the 2001–2007 period. This overall decline in AMI hospitalizations was observed
across almost all age, ethnicity and gender categories studied. Excluding the youngest
patients, where the incidence is relatively low, significant declines were seen across all
remaining age groups. The relative declines observed for men and women were similar over
the time period. This is in contrast to trends by ethnicity, where the rate of decline in blacks
was smaller compared with whites.

The overall decline in AMI hospitalization rates confirms and extends other recent work in
regional and Medicare fee-for-service populations (3–5) by characterizing a decline in AMI
hospitalization in all adult patients across the majority of US states One explanation for this
trend is that it represents a true decrease in the incidence of AMI hospitalizations. This
decline could be explained through improved cardiovascular risk factor management as well
as the adoption of new pharmacologic agents and treatments (8, 11, 12). The advances in
primary and secondary prevention for AMI introduced over the last decade may have
resulted in progressively fewer AMI hospitalizations. An alternative explanation is that there
was a broader decline in all hospitalizations without a distinctive decrease in AMI
hospitalizations. This is not likely given that the decline in AMI hospitalizations occurred in
the setting of a relatively smaller decrease of 0.7% in all hospitalizations during the 2001–
2007 period. This downward trend also occurred during the increasing use of more sensitive
troponin biomarker assays which have been theorized to increase the diagnosis of AMI (13).

The decline in AMI hospitalizations for black adults was less than what was observed in
white adults. This smaller decline was also accompanied by year to year changes that
included an increase over the last three years of the study period. While the trend in the last
three years was not significant, the overall differences in the magnitude of decline could be
explained by the finding that relative declines in cardiovascular risk factors are smaller in
blacks adults compared with those observed in white adults (14–15). In prior work, blacks
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were shown to have higher rates of obesity and hypertension compared with whites. It is
reasonable to infer that racial disparities in cardiovascular risk factors over time may have
contributed to the relatively smaller decline observed in AMI hospitalizations for black
adults (16). It is not clear why black men had lower AMI hospitalization rates at the
beginning of the study period, but this difference diminished over time.

There implications from this study are 2-fold. First, there has been a broad decline in AMI
hospitalizations across age and gender over the last several years. Assuming that the rates
remained at 2001 levels, this decline represents a large reduction in the utilization of
inpatient resources directed towards AMI care. If this decline is due in part to progress in
primary and secondary prevention, it provides downstream feedback on the impact of
advances in AMI care. Second, there is a racial disparity in the change in AMI
hospitalization rates for black adults compared to white adults. Age-adjusted analysis
demonstrates that while black men had a lower absolute rate at the beginning of the study
period compared to white men, the rates converged over time. In contrast, black and white
women began the study with similar absolute rates at the outset that diverged by the end of
the study period. This apparent difference of seems to argue against the idea that the greater
decreases seen in white individuals is due only to higher absolute rates of AMI
hospitalization in whites compared with blacks.

Administrative data cannot, with certainty, provide information about the type of AMI or its
mechanism. However, administrative data has been shown to have reasonable correlation
with AMI diagnosed with clinical data (17). The changes observed in this study may be due
to shifts in coding practices of AMI to other cardiovascular diagnoses. However, prior work
using ICD-9 codes over similar time periods in older patients suggests that there was not a
compensatory increase in related cardiovascular diagnoses to explain the overall decline in
AMI hospitalization rates(3). Differences in coding ethnicity data between states or within
states may have affected the trends observed. However, we included only states that reported
data in each year of the study period. In addition, the number of “other” reported in state
level ethnicity data decreased each year over the study period, suggesting that any increase
observed over the last three years is less likely to be due to a coding shift. While the
majority of HCUP states do report ethnicity level data, trends observed may not apply to the
states that did not report ethnicity level data.
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