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Abstract
Background—Case fatality rates following acute myocardial infarction (MI) have decreased
markedly over the last three decades. Some subgroups may have benefited more than others, but this
hypothesis has not been evaluated in a large nationally-representative cohort. Accordingly, we sought
to assess long-term temporal trends in mortality following hospitalization for MI and to assess
whether these trends differ by gender, race, or age in a cohort of elderly patients.

Methods—We studied a cohort of 4.9 million Medicare beneficiaries ≥65 years hospitalized for
MI between 1984 and 2003 and calculated the proportion that died in-hospital, within 30 days and
within 1 year of hospitalization. We used multivariable risk models to estimate relative and absolute
changes in case fatality rate according to race, gender, and age groups.

Results—After adjustment for age, gender, and race, between 1984 and 2003 there was a 54.3%
(95% CI: 53.7, 54.8), 39.7% (39.1, 40.3%), and 23.0% (22.5, 23.5) reduction in the risk of inhospital,
30-day, and 1-year mortality, respectively. Relative and absolute reductions were greater in whites
than blacks, with the biggest differences observed for 1-year mortality. Small and inconsistent
differences were seen by gender after stratifying by race. Patients aged ≥ 90 years experienced the
smallest relative reductions in case fatality rates, with the biggest differences observed for 1-year
mortality.

Conclusions—Among US Medicare beneficiaries, short-term MI case fatality rates have decreased
significantly in all groups, but more so among whites than blacks. Additional studies are needed to
clarify the basis for these observations.
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Introduction
In-hospital and short-term mortality following acute myocardial infarction (MI) have
decreased markedly over the last three decades,1 reflecting in part the introduction,
improvement, and increased utilization of cardiac reperfusion procedures including
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thrombolytic therapy and percutaneous coronary intervention, and adjunctive therapies such
as aspirin and β blockers.2-4 However, there is evidence to suggest that some patient groups
have benefited more than others. For example, data from the Worcester Heart Attack Study
indicate greater relative reductions in case fatality rates among patients aged <65 as compared
to those aged ≥65 years,5 and among non-Hispanic whites as compared to Hispanics.6

While improvements in MI case fatality rates have been reported across all age groups, few
studies have evaluated in detail the secular trends in case fatality rates among elderly patients
aged ≥65 years. Studying this segment of the population is of inherent interest given its current
size and the coming of age of the baby-boomer generation in the years ahead. In 2000, the
elderly made up just over 12 percent of the US population, but this proportion is expected to
grow to 21% by 2050. Moreover, 65% of all hospitalizations for MI7 and 80% of all MI deaths
occur among the elderly.8

Accordingly, we evaluated temporal trends in case fatality rates in a nationally-representative
cohort of 4.9 million elderly patients hospitalized for MI during the 20 year period between
1984 and 2003, and assessed whether these trends differed by gender, race, or age.

Methods
Medicare is a US federal health insurance program which reimburses in-patient costs for most
citizens and permanent residents aged ≥65 years. We obtained administrative data for all claims
submitted to the Centers for Medicare and Medicaid Services by US short-stay hospitals for
services provided to Medicare beneficiaries. For each hospitalization, we obtained data on age,
gender, race, admission date, discharge date, length of stay, date of death, principal discharge
diagnosis (coded according to the International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM), and discharge status. The principal discharge diagnosis is
defined as the ICD-9-CM diagnosis code identifying the diagnosis, condition, problem or other
reason for the admission shown in the medical record to be chiefly responsible for the services
provided. The date of death field is derived from the Medicare enrollment database and cross-
referenced with the Social Security Administration’s Master Beneficiary Record which has
been shown to have a high sensitivity and specificity.9, 10 A small number (<1%) of duplicate
claims were identified and removed. Patients hospitalized for MI and transferred one or more
times were identified and treated as a single admission with the date of admission derived from
the initial admission record, and the date of discharge, discharge status, and date of death
derived from the last admission record. This study was approved by the Institutional Review
Board of the Beth Israel Deaconess Medical Center.

The study population consisted of Medicare beneficiaries aged ≥65 years hospitalized between
1984 and 2003 with a primary discharge diagnosis of MI (ICD-9-CM: 410.xx). This case
definition has been shown to have a high positive predictive value which has been stable over
time.11, 12 We defined in-hospital case fatality rate as the proportion of hospitalized patients
who were discharged dead. We defined 30-day and 1-year case fatality rates as the proportion
of hospitalized patients whose date of death was 30 or 365 days after the date of admission,
respectively. The race of each patient was coded as white, black, or other (which included
Hispanic, Asian, North American Native, other, unknown, or missing). The positive predictive
value for white or black race has been shown to be >95% for each over this time period.13 All
analyses were restricted to patients identified as either black or white because the group
identified as ‘other’ represents a poorly defined heterogeneous population that together made
up <5% of hospitalizations.
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Overall Trends
Crude case fatality rates were calculated for each year between 1984 and 2003. We used risk
ratio (i.e.: log-binomial) regression models14 to estimate relative changes in case fatality rates
adjusting for age (6 categories: 65-69, 70-74, 75-79, 80-84, 85-89, ≥90), race (white, black),
and gender. Specifically, we modeled the probability of death as a function of age, race, and
gender assuming a multiplicative model. This modeling approach is appropriate since the
parameter of interest in this setting is the risk ratio rather than the odds ratio as might be
estimated from a logistic regression model.

Trends by Race and Gender
We estimated race - and gender-specific case fatality rates standardized to the age distribution
of the entire US population in 2000, as estimated by the 2000 US decennial census. Separately,
we used multivariable risk models to estimate absolute (binomial regression) and relative (log-
binomial regression) changes in MI case fatality rate between 1984 and 2003 by race and
gender, adjusting for age.14

Trends by Age Group
We estimated age - specific case fatality rates standardized to the race and gender distribution
of the US population aged ≥65 years, as estimated by the 2000 US decennial census. Separately,
we used multivariable risk models to estimate absolute (binomial regression) and relative (log-
binomial regression) changes in MI case fatality rate between 1984 and 2003 by age group,
adjusting for race and gender.14

Analyses were performed using SAS version 9 (SAS Institute Inc., Cary, North Carolina).
Multivariable risk models were fit using the GENMOD procedure and all models were checked
to ensure that predicted probabilities fell between 0 and 1.14 In all models the unit of analysis
was individual hospitalizations. All reported p values are based on 2-sided tests at the α = 0.05
level.

Results
Between 1984 and 2003, there were more than 6.8 million hospitalizations in the US with a
principle discharge diagnosis of MI among Medicare beneficiaries aged ≥ 65 years. After
excluding cases with race other than white or black, accounting for duplicate records, and
accounting for hospital transfers, 5.9 million hospitalizations among 4.9 million unique
individuals were available for analysis. The majority (84.1%) of patients were hospitalized for
MI only once during the observation period. Among the remaining patients, the median number
of hospitalizations was 2.

Overall Trends
Crude in-hospital, 30-day, and 1-year MI case fatality rates decreased throughout the 20 year
observation period (Table 1). For example, crude 30-day mortality decreased from 25.3% in
1984 to 17.2% in 2003. Hospitalized patients were predominantly white with approximately
equal numbers of men and women. Average age and the proportion of patients identified as
black or women increased during the observation period. Length of hospital stay decreased
monotonically from a mean of 11.2±13.8 days (mean±SD) (median: 10) in 1984 to 6.6±6.4
days (median: 5) in 2003.

We used multivariable risk models to estimate the relative change in case fatality rates adjusting
for age, gender, and race (Fig. 1). After adjustment, between 1984 and 2003 there was a 54.3%
(95% CI: 53.7, 54.8), 39.7% (39.1, 40.3%), and 23.0 (22.5, 23.5) reduction in the risk of
inhospital, 30-day, and 1-year mortality, respectively.
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Trends by Race and Gender
Age-standardized case fatality rates decreased substantially during the observation period
regardless of race and gender (Fig. 2). Interestingly, between 1984 and the mid-1990s, in-
hospital and 30-day case fatality rates were appreciably lower among blacks as compared to
whites, while 1-year case fatality rates were only marginally lower in the initial years. The
most pronounced and prolonged improvements in case fatality rates over time were observed
for white men and women. For example, between 1984 and 2003, age-standardized 30-day
mortality decreased from 25.2% to 14.3% in white men, from 25.2% to 14.4% in white women,
from 20.9% to 15.5% in black men, and from 21.6% to 15.1% in black women. Similar results
were evident when in-hospital or 1-year mortality was considered (Fig. 2).

We used multivariable risk models to estimate absolute and relative changes in MI case fatality
rate between 1984 and 2003 by race and gender (Table 2). Absolute and relative reductions in
case fatality rates were significantly greater among whites than blacks regardless of gender.
For example, white women experienced a 1.8-fold greater absolute reduction in 30-day case
fatality rate and a 3-fold greater absolute reduction in 1-year mortality than that experienced
by black women. Stratifying by race, only small and inconsistent differences were seen
comparing men versus women, although some of these differences were statistically significant
(Table 2).

Trends by Age Group
Race-and gender-standardized case fatality rates increased monotonically with advancing age
regardless of calendar year (Fig. 3). Temporal reductions in standardized case fatality rates
were observed in all age groups. For example, between 1984 and 2003, standardized 30-day
mortality decreased from 17.4% to 10.2% among patients 65-69 years old, and from 41.3% to
31.7% among patients 90 years and older.

We used multivariable risk models to estimate absolute and relative changes in case fatality
rate between 1984 and 2003 by age group, adjusting for race and gender (Table 3). For in-
hospital mortality the greatest absolute reduction was observed among patients aged ≥ 90 years
while the greatest relative reduction was observed among patients aged 70-74 years. For 30-
day mortality, 80-84 year olds saw the greatest absolute reductions while 70-74 year olds
experienced the greatest relative reduction. For 1-year mortality, the greatest absolute and
relative reductions were witnessed by 75-79 and 70-74 year olds, respectively.

Discussion
In this nationally-representative cohort of elderly patients, we found that in-hospital and short-
term mortality following MI decreased dramatically over the 20-year period between 1984 and
2003, overall and within subgroups defined by race, gender, and age. However, the magnitude
of this improvement varied significantly between subgroups.

Several,2, 15, 16 but not all,3, 17 national and community-based studies have previously shown
that in-hospital mortality following MI has improved over time. The National Registry of
Myocardial Infarction (NRMI) – the largest study to date – reviewed the medical records of
1.5 million patients hospitalized for MI at participating US hospitals and found that crude in-
hospital mortality fell from 11.2% in 1990 to 9.4% in 1999.15 Our results are closer to those
of the Worcester Heart Attack Study, a large prospective community-based study which
provides the longest running assessment published to date (25-years). In that study the authors
found that among 10,440 residents of Worcester, Massachusetts hospitalized with MI, crude
in-hospital mortality fell from 19.9% in 1975-1978 to 12.0% in 2001.2
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There is a relative paucity of research regarding long-term outcomes following MI, but the
results of the current and previous studies suggest improvements in recent years. For example,
investigators from the Cooperative Cardiovascular Project Pilot saw a statistically significant
13% (95% CI: 6, 19%) reduction in risk-adjusted 1-year mortality among Medicare
beneficiaries in 4 US states between 1992 and 2001.3 In Worcester in the 20 years to 1995,
age-adjusted and risk-adjusted 1-year mortality also decreased, although the observed
decreases were only statistically significant in some years.18

We observed that substantially greater absolute and relative improvements in case fatality rates
have been realized among whites as compared to blacks. Importantly, in-hospital and 30-day
case fatality rates at the beginning of the observation period differed by race, with substantially
lower rates among blacks. This short-term survival advantage among elderly blacks has been
shown to persist even after adjustment for major risk factors, disease severity, treatment
choices, and sociodemographic characteristics.19, 20 We observed the largest differences by
race for 1-year mortality where improvements were 2 to 5-fold greater in white patients than
in black patients although rates were similar in the early part of the observation period. Because
we did not have data on clinical characteristics or treatment choices these differences are not
necessarily attributable to discrepancies in access or quality of care, although recent results
suggest that such discrepancies still exist in the US.20-22

Consistent with previous studies,23, 24 within each race short-and long-term case fatality rates
were similar among men and women at all time points. We observed only small and inconsistent
differences in mortality trends among men versus women of the same race. Although some
contrasts reached statistical significance, the small magnitude and inconsistency in the
direction of the association suggests that these may be spurious findings.

Consistent with previous studies,5, 25 race-and gender-standardized case fatality rates
increased monotonically with advancing age regardless of calendar year. Our observation that
in-hospital mortality improved substantially over time in all age groups is in agreement with
results from the Worcester Heart Attack study.5 Interestingly, although patients ≥ 90 years
experienced the smallest relative reduction in mortality they saw the largest absolute reduction,
likely reflecting the higher absolute risk in this age group. Temporal improvements in 30-day
and 1-year mortality were also evident at all ages, but with less relative or absolute
improvement evident among older patients. For example, among patients aged ≥ 90 years there
was only a 6.2% relative reduction and 4.0% absolute reduction in 1-year mortality during the
observation period.

Our study has some potential limitations. First, because only Medicare beneficiaries aged ≥65
years were included in this study our results may not be generalizable to younger individuals
or those not eligible for coverage under the Medicare program. Second, because we did not
have data on clinical covariates including the presence of co-morbid conditions and
complications, location or severity of the infarct, delay times between symptom onset and
treatment, or treatment modalities used, our estimates of case fatality rates are not adjusted for
risk of death or hospital characteristics. Particularly important in this regard is the potential
that the use of cardiac troponins in the modern era has resulted in the identification of infarcts
with less myocardial necrosis than was previously possible with less sensitive biomarkers.26
Third, patients that did not present to the hospital for treatment or those that died prior to
hospitalization are not included in this study. Fourth, we did not evaluate whether trends
differed by geographic region, although the management of patients hospitalized with MI has
been shown to vary across the country.27, 28 Thus, it is possible that the observed trends could
reflect, at least in part, temporal changes in the distribution of MI severity among hospitalized
patients resulting from shifts in the prevalence of specific cardiovascular risk factors, primary
and secondary prevention efforts, community awareness, and diagnostic criteria, rather than
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changes in the risk of death following an MI of a given severity. The direction and magnitude
of these effects is unknown. Moreover, differential patterns in in-hospital versus out-of-hospital
deaths by race, gender, or age group could limit the generalizability of our results. However,
we are not aware of any evidence suggesting that these differential patters are changing over
time.

Notwithstanding these potential limitations, this study of >4.9 million Medicare beneficiaries
hospitalized for MI over a 20 year period provides the largest analysis of temporal trends in
MI case fatality rate published to date. Moreover, the use of a nationally-representative cohort
of patients minimizes potential non-generalizability that can arise from voluntary registries or
community-based studies. These data show that despite overall favorable trends in MI
mortality, important differences in by race and age remain. Additional studies are needed to
clarify the basis for these disparities.
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Figure 1.
Trends in MI case fatality rates - Percent change in case fatality rate among Medicare
beneficiaries aged ≥65 years hospitalized with a primary discharge diagnosis of MI between
1984 and 2003, adjusted for age, gender, and race using a multivariable risk model. Trends in
1-year (▲), 30-day (●), and in-hospital (■) mortality are shown.
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Figure 2.
Trends by race and gender-Trends in MI case fatality rate among Medicare beneficiaries
stratified by race and gender. Estimates are standardized to the overall age distribution of the
US population using data from the 2000 US decennial census. Trends in (A) in-hospital, (B)
30-day, and (C) 1-year mortality are shown.
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Figure 3.
Trends by age group - Trends in MI case fatality rate among Medicare beneficiaries by age
group. Estimates are standardized to the gender and race distribution of the US population aged
≥ 65 years using data from the 2000 US decennial census. Trends in (A) in-hospital, (B) 30-
day, and (C) 1-year mortality are shown.
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