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Abstract
Background—The objectives of this study were to examine the magnitude of, and 20-year
trends in, age differences in short-term outcomes among men and women hospitalized with acute
myocardial infarction (AMI) in central Massachusetts.

Methods—The study population consisted of 5,907 male and 4,406 female residents of the
Worcester, MA, metropolitan area hospitalized at all greater Worcester medical centers with AMI
between 1986 and 2005.

Results—Overall, among both men and women, older patients were significantly more likely to
have developed atrial fibrillation, heart failure, and to have died during hospitalization and within
30 days after admission compared to patients <65 years. Among men, age differences in the risk
of developing atrial fibrillation have widened over the past 2 decades, while differences in the risk
of developing cardiogenic shock have narrowed for men 75 years and older as compared with
those <65 years. Among women, age differences in the risk of developing these major
complications of AMI have not changed significantly over time. Age differences in short-term
mortality have remained relatively unchanged over the past 20 years in both sexes, though
individuals of all ages have experienced declines in short-term death rates over this period.

Conclusions—Elderly men and women are more likely to experience adverse short-term
outcomes after AMI and age differences in short-term mortality rates have remained relatively
unchanged in both sexes over the past 20 years. More targeted treatment approaches during
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hospitalization for AMI and thereafter are needed for older patients to improve their prognosis.
Word count: 248
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Introduction
Over the past several decades, dramatic advances in the medical management of patients
hospitalized with acute myocardial infarction (AMI) have been accompanied by reductions
in in-hospital clinical complications and short-term death rates.1,2 Despite encouraging
declines in population death rates from coronary heart disease (CHD) and hospital mortality
from AMI in the U.S. since the late 1960s,3 several groups, including older individuals,
women, and patients with multiple comorbidities remain at increased risk for adverse
outcomes after hospitalization for AMI.

Previous studies examining age and sex differences in the development of hospital
complications and risk of dying in the setting of AMI have shown inconsistent results.4–9

While some studies found that older persons had higher hospital complication and mortality
rates compared with younger individuals,3–6,10,11 other studies have not.7–9,12 Despite
national interest, few studies have examined age-specific differences in important in-hospital
complications and short-term death rates separately for men and for women. Further, there is
a lack of data from a broad community-wide perspective that has examined changing, and
contemporary, associations between age and short-term outcomes in men and women
hospitalized with AMI.3,13

The objectives of this study were to examine relatively contemporary age differences, and
20-year trends (1986–2005) therein, in the development of important in-hospital clinical
complications and short-term death rates among residents of central Massachusetts
hospitalized with AMI, separately for men and women. Data from the population-based
Worcester Heart Attack Study were used for this investigation.14–16

Methods
The Worcester Heart Attack Study is an ongoing clinical/epidemiologic investigation that is
examining long-term trends in the incidence, hospital, and post-discharge case-fatality rates
of AMI among residents of the Worcester metropolitan area hospitalized at all 16 greater
Worcester medical centers in 15 biennial periods between 1975 and 2005.14–16 Fewer
hospitals (n = 11) have been included during recent study years due to hospital closures,
mergers, and conversion to chronic care facilities. In brief, computerized printouts of
patients discharged from all greater Worcester hospitals with possible AMI were obtained
and several International Classification of Disease (ICD) codes in which cases of AMI may
have been diagnosed were reviewed. Cases of possible AMI were independently validated
according to predefined criteria for AMI which included a suggestive clinical history, serum
enzyme elevations, and serial electrocardiographic findings during hospitalization consistent
with the presence of AMI; at least 2 of these 3 criteria needed to be present for an AMI to
have occurred. Patients with an initial AMI (incident event), as well as those with a prior
history of AMI, based on the review of information contained in hospital medical records,
were included in our study population. Residents of the Worcester metropolitan area who
satisfied these criteria were included in the present investigation.
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Data Collection
The hospital medical records of greater Worcester residents with confirmed AMI were
reviewed by trained study physicians and nurses who abstracted information about patient’s
demographic characteristics, medical history, clinical presentation, hospital treatment
approaches, and hospital discharge status. Age was categorized into 3 strata of <65 years,
65–74 years, and ≥75 years. The principal study outcomes included the development of
important in-hospital clinical complications and total hospital and 30 day mortality. Atrial
fibrillation (AF) included the documentation of new onset AF in the hospital medical record
or occurrence of typical electrocardiographic changes consistent with this diagnosis.17 Heart
failure was indicated by clinical or radiographic evidence of pulmonary edema or bilateral
basilar rales with an S3 gallop18 while cardiogenic shock was defined according to
previously described criteria.19 Since the average length of stay for patients hospitalized
with AMI has declined during the years under study,20 we also examined 30-day post-
admission death rates as a secondary study outcome. All patients discharged from greater
Worcester hospitals after AMI were followed through a search of death certificates to
determine their vital status.

Data Analysis
All analyses were performed separately for men and for women. Differences in baseline
demographic, clinical characteristics, and hospital therapies in relation to patient age were
compared using the chi-square test for categorical variables and Kruskal-Wallis test for
continuous variables.

Using logistic regression models, we estimated odds ratios (ORs) and 95% confidence
intervals (95% CIs) for the association between age and various hospital outcomes. Patients
with prevalent disease, namely those who had the condition being examined previously
diagnosed based on the review of information contained in hospital medical records since
patients were never directly contacted as part of this study, were excluded from models
examining the development of incident (initial events) cases of several hospital clinical
complications (508 men and 471 women with prior AF, and 950 men and 1,155 women with
prior heart failure). Potential confounding factors included in our regression models were
selected on the basis of the findings from prior studies and on their clinical importance;
these variables included race, marital status, comorbidities, AMI order (initial (incident) vs.
prior (recurrent) event), type (Q wave vs. non–Q wave), duration of pre-hospital delay
following the onset of acute coronary symptoms, and length of hospital stay. Because
information on body mass index was not collected until 1995, and information on acute
symptoms and whether the AMI was a non–ST-segment elevation myocardial infarction
(NSTEMI) or an ST-segment elevation myocardial infarction (STEMI) was not recorded
until 1997, these variables were not included in our regression models. Study year was
grouped into 5 two-year periods (1986/1988, 1990/1993, 1995/1997, 1999/2001, and
2003/2005) for ease of analysis. In all regression models, patients <65 years served as the
reference category. Interaction terms between age and study period were used to examine
whether age differences in the principal study outcomes changed significantly over time.
Likelihood ratio tests were used to compare models with and without interaction terms. For
30-day death rates after hospital admission, similar multivariable adjusted Cox proportional
hazard models yielded estimated hazards ratios (HRs) and 95% CIs. The Institutional
Review Board at the University of Massachusetts Medical School approved this study.
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Results
Patient Characteristics

The study sample consisted of 10,313 residents of the Worcester metropolitan area (5,907
men and 4,406 women) hospitalized with validated AMI at all greater Worcester medical
centers in 11 study years between 1986 and 2005. Overall, women were considerably older,
on average, than men (75 years vs. 66 years). While 43% of men were aged <65 years, only
19% of women were in this age category; in contrast, 56% of women were 75 years and
older compared with 31% of hospitalized men; relatively similar differences between the
sexes according to age were observed in analyzing data from patients hospitalized in the 2
most recent periods under study (2003/2005).

During the past 20 years, among both men and women, age was strongly associated with
several demographic and clinical characteristics (Table 1). In men and in women, the
proportion of patients with a history of AF, heart failure, hypertension, diabetes, and stroke
was higher in older patients. The proportion of patients with an initial, Q-wave MI, and
STEMI was lower in older patients in both sexes. Heart rate, serum glucose, and creatinine
levels were higher, on average, in older patients in both sexes; diastolic blood pressure,
serum levels of total and LDL cholesterol, and patient’s body mass index were, however,
lower in older women and men (Table 1). A relatively similar distribution of patient
characteristics, stratified according to age, was observed when we examined these
characteristics among patients included in the 2 most recent cohorts (2003/2005).

Age Differences in Hospital Clinical Complications and Death Rates, and Trends over
Time, among Men

Between 1986/1988 and 2003/2005, the likelihood of developing AF increased slightly in
men aged 65–74 years (16% vs. 19%), whereas the odds of developing AF decreased
slightly in younger (10% vs. 8%) and older men (26% vs. 24%) (Figure 1) (p <05). On the
other hand, the incidence rates of new onset heart failure declined significantly over time in
all age groups (19% vs. 12% for men<65 years; 34% vs. 27% for men 65–74 years; 48% vs.
40% for men ≥ 75 years) (p<05). The frequency of cardiogenic shock decreased over time in
men ≥75 years (15% vs. 5%) (p<05), but did not significantly change among younger
patients. Declining in-hospital death rates were observed for men of all ages over the past
two decades: ≥75 years (30% in 1986/88 vs. 13% in 2003/05), 65–74 years (14% vs. 8%);
and <65 years (7% vs. 2%) (p<05) (Figure 1).

The significant interaction between age and study period (p = .04) indicated that age
differences in the risk of developing AF have changed significantly over time (Table 2); in
1986/1988, the adjusted ORs for AF were 1.61 and 2.83 for men 65–74 years and men ≥75
years, respectively; in 2003/2005 these multivariable adjusted ORs were 3.73, and 4.60,
respectively, compared with men <65 years. In examining 20 year trends in the risk of
developing cardiogenic shock, the significant interaction between age and study period (p = .
02) suggest that age differences in the risk of developing this clinical complication have
changed significantly over time (Table 2); in 1986/1988, the adjusted ORs for cardiogenic
shock were 0.75 and 2.19 for men 65–74 years and men ≥75 years, respectively; in
2003/2005 these ORs were 1.86, and 1.10, respectively, compared with men<65 years.

On the other hand, age differences in the risk of developing heart failure, and in-hospital and
30-day mortality, have not changed significantly over time (Table 2). Overall, older men
were more likely to have developed heart failure during hospitalization than men <65 years.
Similarly, older men of all ages were significantly more likely to have died during
hospitalization and during the first 30 days after hospital admission compared with men <65
years (Table 2).
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Age Differences in Hospital Clinical Complications and Death Rates, and Trends over
Time, among Women

Between 1986/1988 and 2003/2005, the incidence rates of AF decreased in women <65
years (10% vs. 7%) and women ≥75 years (33% vs. 22%), but remained relatively
unchanged in women 65–74 years (Figure 2). The incidence rates of new onset heart failure
and cardiogenic shock decreased in all age groups over time (Figure 2). Declining in-
hospital death rates were observed for women of all ages over the past two decades with the
extent of decline ranging from 41% to 57% in the 3 age strata examined (Figure 2).

Age differences in hospital clinical complications and short-term mortality have not,
however, changed significantly among women over the past 20 years (Table 2). Overall,
older women were significantly more likely to have developed AF during hospitalization for
AMI than women < 65 years (adjusted ORs were 1.74 and 3.09 for women 65–74 years and
≥75 years, respectively). Older women were significantly more likely to have developed
heart failure after AMI compared with younger women (adjusted ORs were 1.61 and 2.26
for women 65–74 years and women ≥75 years, respectively). Compared with women <65
years, older women were more likely to have died during hospitalization as well as during
the 30 days following hospital admission (Table 2).

Discussion
In this study of more than 10,000 residents of a large central New England metropolitan area
hospitalized with AMI, older men and women were more likely to have developed AF and
heart failure, and were more likely to have died during hospitalization and during the first
30-days after admission, compared with patients <65 years. Older men were also more likely
to have developed cardiogenic shock compared with younger men. Among men, age
differences in the risk of developing AF and cardiogenic shock have widened over time.
Encouragingly, we noted a steady improvement in the majority of hospital outcomes
examined in most age groups over the 20 year period under study, with a particularly
marked improvement observed in the risk of developing cardiogenic shock in elderly but not
in younger patients. While unknown, these latter findings may be due to the changing
characteristics of patients hospitalized with AMI over time and/or to the more frequent use
of cardiac catheterization and PCI in elderly patients.

Our results are consistent with the findings from previous studies which have shown that
older patients hospitalized with AMI have a worse prognosis than younger patients.1,2,5,15

Older patients are more likely to have additional comorbidities present at the time of
hospitalization for AMI which may increase their risk of developing clinically significant
hospital complications and dying. Previous studies have shown that older patients are less
likely to be treated with evidence-based cardiac medications and interventional
procedures,4,21 which may have contributed to their greater risk of dying in the short-term.
Other factors such as prolonged delay in seeking medical care,5,6 limited health care access,
cognitive impairment, and frailty may also have played a role in the less favorable prognosis
observed in older patients.

We found that age differences in the risk of developing new onset AF during hospitalization
for AMI have widened during the past 20 years for men. On the other hand, differences in
the risk of developing cardiogenic shock between men 65–74 years and men <65 years have
widened over time but have narrowed for men ≥75 years. Our findings also showed that,
despite the fact that the overall in-hospital death rates among patients with AMI have
decreased from 17% in 1986/1988 to 9% in 2003/2005, age differences in short-term
mortality have remained relatively unchanged over time among both men and women; the
elderly remain at higher risk for dying than younger patients.
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The present findings may be partially explained by the fact that while the use of effective
treatment modalities have increased in all age groups over time,22,23 the prevalence of
clinically significant comorbidities have increased over time3, especially in older patients.
These latter trends make the management of hospitalized patients all the more challenging
and increase the risk for adverse outcomes. Inasmuch, physicians need to consider the
greater use of these treatment modalities in older patients to improve their short-term
outcomes. Indeed, it is possible that the more aggressive management of elderly patients
with coronary interventional procedures led to their declining risk of cardiogenic shock, and
improving hospital survival, during the period under study. The enhanced use of these
treatment regimens may also result in greater quality of life in patients of all ages and
improvements in long-term prognosis.

We also observed that the short-term death rates were much higher in younger women than
in younger men, with these differences persisting in the most recently hospitalized study
cohorts; there were no sex differences in the crude short-term death rates among older
patients. This finding is consistent with the results of previous studies.6,11,24–26

The reasons for worse short-term outcomes in younger women hospitalized with AMI are
unclear but may be partially explained by the fact that women have a higher prevalence of
comorbid conditions than men, and differences in these and other important prognostic
factors are likely to be more pronounced in younger than in older individuals.25 In addition,
younger women have been shown to be less likely to be treated with effective cardiac
medications.13,26which can contribute to the worse outcomes noted in younger women.
However, a previous study of patients enrolled in the National Registry of Myocardial
Infarction suggested that differences in medical history, clinical severity of the infarction,
and early management accounted only for about one third of the differences in early
mortality observed between men and women hospitalized with AMI.6 The fact that men may
be more likely to die out-of-hospital from coronary disease than women, and that this sex
difference may be larger in younger than in older individuals,25 could contribute to higher
in-hospital death rates in younger women hospitalized with AMI. Additional prospective
studies need to be carried out to understand the reasons behind the greater risk of adverse
outcomes noted in younger women and older individuals hospitalized with acute coronary
disease.

Study Strengths and Limitations
The strengths of this study include its population-based design that captured all validated
cases of AMI occurring among residents of the Worcester metropolitan area hospitalized at
all Central Massachusetts medical centers over a 20-year period. On the other hand, the
study population was predominantly white and the generalizability of our findings to other
race/ethnic groups may be limited. We did not have information available on several patient-
associated characteristics (e.g., socioeconomic status, psychological factors) which may
have confounded some of the observed associations. Because patients who died before
hospitalization for AMI were not included, our findings are only generalizable to patients
hospitalized with AMI.

In conclusion, while encouraging declines in hospital death rates and in the occurrence of
several important clinical complications have declined in men and women of all ages during
the past 20 years, older men and women were more likely to experience adverse short-term
outcomes after hospitalization for AMI than patients <65 years. More targeted treatment
approaches during hospitalization for AMI for older patients are needed to improve their
short-term prognosis.
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Figure 1.
Clinical Complications and In-Hospital Mortality According to Age and Study Period
Among Men
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Figure 2.
Clinical Complications and In-Hospital Mortality According to Age and Study Period
Among Women
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