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Abstract

The objectives of this study were to describe contemporary post-discharge death rates of patients
hospitalized at all Worcester (MA) hospitals after an initial acute myocardial infarction (AMI) and
to examine factors associated with a poor prognosis. We reviewed the medical records of patients
discharged from 11 central Massachusetts medical centers after an initial AMI during 2001, 2003,
2005, and 2007, identifying 2,452 patients. This population was comprised of predominantly older
individuals, men (58%), and whites. Overall, the 3 month, 1 year, and 2 year all-cause death rates
were 8.9%, 16.4%, and 23.4%, respectively. Over time, reductions in post-discharge mortality
were observed in crude as well as multivariable adjusted analyses. In 2001, the 3 month, 1 year,
and 2 year all-cause death rates were 11.1%, 17.1%, and 25.6%, respectively, compared with rates
of 7.9%, 12.7%, and 18.6% among patients discharged in 2007. Older age, male sex,
hospitalization for an NSTEMI, renal dysfunction, and pre-existing heart failure were associated
with an increased risk of dying after hospital discharge. Our results suggest that the post-discharge
prognosis of patients with an initial AMI has improved, likely reflecting both enhanced inhospital
and post-discharge management practices. In conclusion, patients with an initial AMI can also be
identified who are at increased risk for dying after hospital discharge in whom increased
surveillance and targeted treatment approaches can be directed.
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Introduction

Using data from the Worcester Heart Attack Study [1-3], we describe trends in post-
discharge total mortality among residents of the Worcester (MA) metropolitan area who

© 2012 Excerpta Medica, Inc. All rights reserved.

Address for correspondence: Robert J. Goldberg, Ph.D., Division of Epidemiology of Chronic Diseases and Vulnerable Populations,
Department of Quantitative Health Sciences, University of Massachusetts Medical School, 55 Lake Avenue North, Worcester, MA
01655, Robert.Goldberg@umassmed.edu, Tel: (508) 856-3991; Fax: (508) 856-4596.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Coles et al.

Methods

Results

Page 2

survived hospitalization for an initial AMI during recent years and factors associated with a
poor long-term prognosis.

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 greater
Worcester medical centers in 16 biennial periods between 1975 and 2007 [1-3]. Residents
of the Worcester metropolitan area hospitalized with a principal or secondary discharge
diagnosis of AMI (ICD-9 code 410) were included in our study. In addition, a random
sample of records from related diagnostic rubrics in which the diagnosis of AMI might have
occurred (e.g., ICD-9 Codes 411-414) was carried out to identify potentially misclassified
cases of AMI [1-3]. This study was approved by the Institutional Review Board at the
University of Massachusetts Medical School.

The present study sample consisted of patients hospitalized at all 11 greater \Worcester
medical centers during the most recent years under study (2001, 2003, 2005, 2007) to
provide more contemporary insights into possible changing trends in the long-term
prognosis of patients with a first AMI.

Cases of AMI were defined as having at least 2 out of 3 clinical, serum biomarker, or
electrocardiographic criteria present [1-3]. Standardized definitions for the classification of
type of AMI (ST-segment AMI (STEMI) and non-ST-segment AMI (NSTEMI) were
utilized [4,5]. Cases of perioperative or trauma-associated AMI were excluded as were
patients with a prior diagnosis of AMI, based on the review of information contained in
hospital medical records or with ECG changes indicative of prior myocardial necrosis. The
clinical complications of AMI that may have developed during hospitalization were assessed
on the basis of information available from medical records and use of standardized
diagnostic criteria [3,6-9].

The approaches used to ascertain survival status after hospital discharge included a review
of medical records for additional hospitalizations and a statewide search of death
certificates. Our principal study endpoint was all-cause mortality. For patients discharged
from all central Massachusetts hospitals, follow-up was continued through 2009.

Differences in the distribution of demographic and clinical characteristics between
respective comparison groups were examined by using chi square tests for discrete variables
and t tests for continuous variables. A life-table approach was used to examine the overall
long-term death rates, and trends in long-term prognosis, after hospital discharge. A logistic
multiple regression approach was used to identify factors associated with post-discharge
mortality at 3 and 24 months after hospital discharge. These times points were chosen
because several prior investigations have shown these follow-up points to be high-risk
periods for patients discharged from the hospital after an AMI [10,11]. In our regression
models we did not control for the use of different cardiac treatment approaches because we
could not account for confounding by treatment indication given the nonrandomized nature
of this study.

The study population consisted of 2,452 residents of the Worcester metropolitan area who
were discharged from all central Massachusetts hospitals after an incident AMI between
2001 and 2007 and in whom further follow-up information was obtained. Of these, 715
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patients were discharged in 2001, 684 in 2003, 532 in 2005, and 521 patients were
discharged in 2007.

Overall, the population was predominately Caucasian with an average age of 69 years, 42%
were women, and most were diagnosed with NSTEMI (Table 1). The two most common
cardiovascular co-morbidities in these patients were hypertension and diabetes. Hospital
length of stay averaged 5.6 days and a considerable proportion of patients developed heart
failure or atrial fibrillation while hospitalized. In comparing the characteristics of patients
hospitalized in 2001 and 2007, there was a decrease in the average age at the time of the
patient’s index hospitalization, length of stay, and slightly lower levels of serum glucose,
total cholesterol, and LDL-cholesterol (Table 1).

The overall post-discharge death rates at 3 months, 1 year, and 2 years were 8.9%, 16.4%,
and 23.4%, respectively (Figure 1). We observed a decrease in the death rates at each of
these time points among patients discharged in the most recent study year compared with
those discharged during earlier study years. The 3 month death rate declined from 11.1% in
2001 to 7.9% in 2007, the 1 year death rate declined from 17.1% to 12.7%, and the 2 year
death rate declined from 25.6% to 18.6% (Figure 1). After we adjusted for several baseline
demographic, medical history, and clinical characteristics, patients discharged from the
hospital in 2007 were more likely to have survived to 3 months (OR = 0.53; 95% CI 0.43,
0.98), 1 year (OR =0.74; 95% CI 0.48,1.14), and 2 years (OR = 0.95; 95% CI 0.61,1.49)
compared with those discharged in 2001.

We examined factors associated with an increased risk of dying at 3 months using a logistic
regression model (Table 2). Being older, male, having an NSTEMI, and having a prior
history of stroke, heart failure, and kidney disease were important predictors of three month
death rates. Development of atrial fibrillation, heart failure, cardiogenic shock, or a stroke
during hospitalization were associated with a significantly poorer prognosis at 3 months; a
low systolic blood pressure at the time of hospital presentation was also an important
predictor of dying during the first 3 months of hospital discharge.

After multivariate adjustment, older age, male sex, an NSTEMI, a low estimated glomerular
filtration rate (<60mL/min), and having a medical history of heart failure or stroke were
important predictors of mortality at 2 years. In addition, a hospital course complicated by
heart failure or cardiogenic shock were important clinical predictors of death at 2 years
(Table 2).

When we examined whether the factors associated with a poor long-term survival had
changed between our initial (2001) and most recent years under study (2007), most factors
associated with higher death rates retained their prognostic importance. In contrast to
patients hospitalized in 2001, however, patients discharged from all greater Worcester
medical centers in 2007 who developed either atrial fibrillation or cardiogenic shock in the
hospital were no longer at risk for dying over the long-term, whereas developing a stroke in
the hospital was associated with higher 2 year death rates.

In comparing the use of cardiac treatments between our initial and most recent study years, a
greater percentage of patients were treated with aspirin (91.9% vs 76.4%), beta blockers
(89.6% vs. 75.1%), ACE inhibitors/ARB’s (65.8% vs 48.8%), and lipid lowering drugs
(88.5% vs. 52.7%) at the time of hospital discharge in 2007 than in 2001 whereas fewer
patients were discharged on calcium channel antagonists (10.8% vs 13.4%). We observed an
increase in the proportion of patients undergoing cardiac catheterization (78.7% vs. 58.6%)
and a percutaneous coronary intervention (57.0% vs. 35.2%) during their index
hospitalization, whereas fewer patients underwent coronary bypass surgery (7.5% vs.
10.4%) in 2007 compared with 2001.
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Discussion

The results of this study in residents of central Massachusetts suggest that long-term survival
after an initial AMI has improved between 2001 and 2007. Advanced age, male sex,
developing an NSTEMI, presence of selected cardiovascular co-morbidities, and
development of several in-hospital clinical complications were associated with a poorer
post-discharge prognosis. In addition, the use of effective cardiac medications at the time of
hospital discharge has increased during the period under study.

The findings from a limited number of U.S. and European studies were similar to those
observed in the present investigation, noting an improvement in long-term prognosis after
hospitalization for AMI over time [12-15].

In prior analyses from the Worcester Heart Attack Study, we have demonstrated declines in
out-of-hospital mortality attributed to CHD [16], inhospital case-fatality rates [3,17], as well
as post discharge death rates during varying study years [17,18]. We extend these findings
by demonstrating declines in the post-discharge death rates during the most recent years
under study among hospital survivors of an initial AMI.

Our encouraging findings likely reflect the beneficial effects of the more aggressive
management of patients during hospitalization for AMI and likely increased adherence to
effective cardiac medications after hospital discharge for AMI. Improving trends in long-
term survival may also reflect the increasing adoption of positive lifestyle practices after
hospital discharge for AMI though this hypothesis is purely speculative since we did not
collect information about possible contributory factors that may have been altered after
hospital discharge.

Irrespective of the reasons underlying the decline in post discharge death rates, the risk of
dying during the first several years after hospital discharge for an initial AMI remained
relatively high. We observed a 19% 2-year death rate in 2007, highlighting the need for
increased surveillance and investigation into how to optimize all aspects of medical care of
these patients.

Consistent with the published literature, we found an association between advancing age and
male sex with poor prognosis after AMI [17,19]. In addition, having an NSTEMI was
predictive of a poor prognosis at each of our post-discharge follow-up points examined,
findings consistent with the published literature [11,20].

Prior studies have demonstrated a poorer long-term prognosis for patients with AMI who
also had coexisting diabetes, hypertension, kidney disease, and stroke [21-23]. Our study
found an association between several of these cardiovascular comorbidities with higher 3
month death rates. The strong association we found between previously diagnosed heart
failure and a poor long-term prognosis is not surprising, given that the prognosis of patients
with heart failure is particularly grim [9,24]. Patients with a prior history of stroke have been
found to be treated less aggressively with subsequently increased post-discharge mortality
[25].

A low systolic blood pressure was associated with higher death rates at 3 months, whereas
kidney dysfunction was associated with a poor 2 year prognosis. This latter finding is
consistent with previous studies which also found an increase in short and long-term death
rates in patients with renal dysfunction and AMI [26,27]. Patients with a low systolic blood
pressure are likely to be hemodynamically compromised and be at markedly increased risk
for developing heart failure, cardiogenic shock, and dying.
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We found that the in-hospital development of atrial fibrillation (AF) was associated with a
poor short-term prognosis, but not at 2-years. This counterintuitive finding was surprising
since prior studies have suggested that developing AF following admission to the hospital
for AMI is predictive of poor short and long-term mortality [8,28]. Our results may reflect a
“healthy survivor effect”, namely that new onset AF tends to complicate more severe cases
of AMI and is associated with higher in-hospital, but not long-term, death rates. We also
found that having a hospital course complicated by heart failure, cardiogenic shock, or a
stroke was associated with higher long-term death rates, findings similar to the results of
previous observational studies [3,6,29].

Future studies are needed to explore the impact of these factors on other clinically
meaningful endpoints after hospital discharge for an initial AMI, including hospital
readmission, development of a recurrent AMI, and quality of life. Research into new
biomarkers and genomic tests to identify and further refine the characteristics of patients at
increased risk for adverse outcomes after hospital discharge for AMI will be crucial to
improving the treatment and prognosis of these patients.

Although limited by the non-randomized nature of this study, the increases in long-term
survival that we observed in 2007 compared with 2001 may have resulted from
improvements in the hospital and post discharge medical management of patients. In this
and other community-based investigations, the use of effective cardiac medications and
coronary interventional procedures has increased markedly over time.

The major strength of this study is our population-based design which included only
validated cases of initial AMI occurring in the greater Worcester population during the years
under study. On the other hand, since this central Massachusetts community is
predominately white, the generalizability of our findings to persons of other race/ethnicities
might be limited. We did not collect information on patient’s socioeconomic or cognitive
status, or about other factors that have been shown to affect long-term prognosis after AMI,
such as severity of the AMI and extent of underlying atherosclerosis. We did not collect
information on patient’s adherence to various post-discharge treatment regimens or changes
in patient’s lifestyle practices after being discharged from the hospital.
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Figure 1.
Post-Hospital Discharge Survival for Patients With an Initial Acute Myocardial Infarction
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Table 1

Demographic and Clinical Characteristics of the Study Population, Overall and by Time Period of

Hospitalization

Characteristic Overall population (n=2,452) 2001 Cohort (n=715) 2007 Cohort (n=521)
Adge (Years)

Mean 68.7 69.2 66.3
<65 933 (38.1%) 256 (35.8%) 216 (41.5%)
65-74 484 (19.8%) 162 (22.7%) 80 (15.4%)
75-84 636 (26.0%) 200 (28.0%) 141 (27.2%)
>85 397 (16.2%) 97 (13.6%) 82 (15.8%)
Male 1414 (57.7%) 425 (59.4%) 316 (60.7%)
White 2180 (88.9%) 646 (90.4%) 465 (89.3%)
Pre-hospital delay (mean, hours) 3.9 3.4 35
Length of stay (mean, days) 5.6 6.6 4.8
STEMI 913 (37.2%) 284 (39.7%) 179 (34.4%)
Angina pectoris 336 (13.7%) 130 (18.2%) 39 (7.5%)
Hypertension 1638 (66.8%) 450 (62.9%) 357 (68.5%)
Atrial fibrilation 270 (11.0%) 79 (11.1%) 60 (11.5%)
Diabetes mellitus 674 (27.5%) 206 (28.8%) 146 (28.0%)
Heart failure 356 (14.5%) 107 (15.0%) 63 (12.1%)
Stroke 207 (8.4%) 65 (9.1%) 45 (8.6%)
Kidney disease 329 (13.4%) 78 (10.9%) 90 (17.3%)
Physiologic variables (mean)

Ejection fraction (%) 49 48 50
eGlomerular filtration rate (mL/min/1.73M2) 63 62 66
Diastolic blood pressure (mm Hg) 79 80 79
Systolic blood pressure (mm Hg) 144 146 142
Glucose (mg/dL) 169 178 159
Total cholesterol (mg/dL) 180 186 173
Hospital complications

Atrial fibrillation 477 (19.5%) 134 (18.7%) 90 (17.3%)
Heart failure 780 (31.8%) 228 (31.9%) 170 (32.6%)
Cardiogenic shock 87 (3.6%) 32 (4.5%) 24 (4.6%)
Stroke 21 (0.9%) 6 (0.8%) 2 (0.4%)
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Odds of Dying at 3 and 24 Months With an Initial Acute Myocardial Infarction (AMI) According to Selected

Factors

0-3 months 3-24 months
Characterigic =~ OR" 95% Cl OR  95% Cl
Age (years)
55-64 092 031,268 171 0.82357
65-74 351 146,348 496 2.559.68
275 7.88 3.39,1835 7.77 4.04,14.94
Male 140 102,193 134 1.02,1.76
White race 125 070,221 118 0.76,1.83
Length of stay 1.03 1.00,1.05 1.02 0.99,1.04
STEMI 081 056,118 053 0.38,0.73
Co-morbidities
Hypertension 0.72 0.50,1.04 092 0.67,1.28
Atrial fibrillation 1.31  0.86,2.02 060 0.41,0.87
Stroke 183 120278 161 1.08,2.40
Heart failure 188 129274 222 158311
Diabetes 133 092193 104 0.751.43
Kidney disease 165 111245 131 090,191
In-hospital complications
Atrial 156 110,221 066 0.47,0.93
fibrillation
Heart failure 1.60 113225 160 119213
Cardiogenic 1.86 0.953.67 242 1.254.69
shock
Stroke 330 113964 183 0.56,6.02
Hemorrhage 1.37 0.96,1.94 1.19 0.88,1.61
Physiologic variables
Systolic BP (mm Hg)
<100 176 103303 116 0.67,2.04
120-139 079 050,127 084 0.56,1.27
140-159 0.67 042108 059 0.39,0.88
2160 0.60 038,096 0.74 0.50,1.08
Glomerular filtration rate (mL/min)
<30 165 097,279 414 259,6.64
30-59 119 082173 141 1.04191
Glucose (mg/dL)
<80 107 033347 134 042429
110-140 109 0.66,1.80 082 0.541.24
140-180 103 061,173 123 0.81,185
2180 095 056,162 108 0.70,1.66
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referent categories: age (<55 years), female, nonwhite, NSTEMI, absence of selected comorbidities, absence of selected hospital clinical
complications, systolic BP 100-119 mmHg, eGFR =60 mI/min/1.73m2, serum glucose 80-109 mg/dl

*
odds ratio
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