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Abstract

Aims—To measure the incidence of acute coronary syndrome (ACS), defined as first ever 

myocardial infarction (MI) or unstable angina (UA); evaluate recent temporal trends; and 

determine if survival after ACS has changed over time and differs by type.

Patients and Methods—This was a population surveillance study conducted in Olmsted 

County, Minnesota (population: 144,248). All persons hospitalized with incident ACS between 

1/1/2005-12/31/2010 were identified using ICD-9 codes, natural language processing of the 

medical records and biomarkers. MI was validated by epidemiological criteria and UA by the 

Braunwald classification. Patients were followed through 6/30/2013 for death.

Results—Among 1,244 incident ACS cases, 35% were UA and 65% were MI. The standardized 

rates (per 100,000) of ACS were 284 (95% CI: 248-319) in 2005 and 184 (95% CI: 157-210) in 

2010 (2010 vs. 2005 RR 0.62; 95% CI: 0.53-0.73), indicating a 38% decline (similar for MI and 

UA). The 30-day case fatality rates did not differ by year of diagnosis, but were worse for MI 

(8.9%; 95% CI: 6.9%-10.9%) compared to UA (1.9%; 95% CI: 0.6%-3.1%). Among 30-day 

survivors, the risk of death did not differ by ACS type or diagnosis year.

Conclusions—In the community, UA constitutes 35% of ACS. The incidence of ACS declined 

in recent years and trends were similar for UA and MI reaffirming a substantial decline in all acute 

manifestations of coronary disease. Survival after ACS did not change over time, but 30-day 

survival was worse for MI compared to UA.
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Introduction

Cardiovascular disease is the leading cause of death in the United States.1 Specifically, 

coronary heart disease (CHD) caused approximately 1 out of every 6 deaths in the US in 

2009.1 The need for surveillance of coronary disease is recognized and, absent a national 

surveillance system, relies largely on community studies.2

Over the past decade, a major change in the epidemiology of myocardial infarction (MI) has 

been documented with a profound decline in MI incidence and, in particular, ST elevation 

MI.3-6 Short term mortality after MI has also declined.3-6 However, the epidemiology of 

acute coronary syndrome (ACS), including both MI and unstable angina (UA), is not well 

studied and to our knowledge, only one recent study in Australia has evaluated the incidence 

of ACS, including both MI and UA.7 This study reported a decline in the incidence of 

hospitalized ACS from 1996-2007; however it relied solely on codes to classify events and 

did not report outcomes.

Thus, to address these gaps in knowledge, we measured the incidence of ACS, defined as 

first ever MI or UA, in a geographically defined population and evaluated recent temporal 

trends. Furthermore, we described survival after incident ACS, to determine whether it 

changed over time or differed by ACS type (MI or UA).

Methods

Study setting

This study was conducted in Olmsted County, Minnesota which has a population of 144,248 

according to the 2010 US census. We utilized the resources of the Rochester Epidemiology 

Project (REP), a medical records linkage system that links and archives the medical records 

of virtually all persons residing in the county.8, 9 The REP maintains an electronic index of 

medical diagnoses and can identify patients through their outpatient and hospital contacts 

across all local medical providers.10 The resources of the REP have been used in 

cardiovascular disease epidemiology research published extensively over the years.11-13

Ascertainment of hospitalized incident ACS

Myocardial infarction—All patients admitted to Mayo Clinic Hospital — Rochester 

between January 1, 2005 and December 31, 2010 who had a troponin T level of 0.03 ng/mL 

or higher and were assigned diagnoses compatible with MI were identified. The target codes 

from the International Classification of Diseases, Ninth Revision (ICD-9 CM) included 410 

(acute MI), 411 (other acute and subacute forms of ischemic heart disease), 412 (old 

myocardial infarction), 413 (angina pectoris) and 414 (other forms of ischemic heart 

disease).
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As we previously reported,3, 14 validation of MI relied on standard algorithms integrating 

cardiac pain, electrocardiographic (ECG) and biomarker data. According to current 

guidelines, each case was classified by troponin T.15 Systematic troponin T testing was 

initiated in 2000 and was fully implemented over the study period. The presence or absence 

of a change (rise or fall) between any two troponin T measurements was defined by a 

difference of at least 0.05 ng/mL, which is greater than the level of imprecision of the assay 

at all concentrations.15 Circumstances which might invalidate biomarker values were 

recorded.16 Troponin T was measured with a sandwich electrochemiluminescence 

immunoassay on the Elecsys 2010 (Roche Diagnostics Corporation; Indianapolis, Indiana) 

in the laboratories of the Department of Laboratory Medicine and Pathology which is 

certified by the Clinical Laboratory Improvement Act of 1988 and the College of American 

Pathologists, with robust quality control in place.

Up to three electrocardiograms per episode were coded using the Minnesota Code Modular 

ECG Analysis System.17 According to the algorithm, MIs were classified as definite, 

probable, suspect or no infarction.14, 18 We defined MI as an incident (first-ever) MI 

classified as definite or probable or a suspect MI with death occurring within 48 hours.

Unstable angina—UA cases were identified among patients admitted to Mayo Clinic 

Hospital — Rochester between January 1, 2005 and December 31, 2010, who underwent a 

troponin T measurement and were assigned an ICD-9 code 410-414. Natural language 

processing of the unstructured text of the electronic medical record was used to identify 

patients with clinical findings comparable with UA, including descriptive terms of type and 

location of pain (i.e., chest pain, substernal pain). The potential UA cases that were 

identified by this process were manually reviewed by nurse abstractors. The validation of 

UA relied on the Braunwald definition for first-ever primary UA (developed in the absence 

of an extracardiac condition) or secondary UA (developed in the presence of an extracardiac 

condition that intensified myocardial ischemia).19

If an individual experienced both an MI and UA during the study period, the first event was 

considered the incident ACS event. To determine which event was the first, the totality of 

the community medical record for all patients was reviewed. Notes were reviewed for any 

indication of MI or UA and all events were validated according to the above described 

standardized criteria. Patients with an MI or UA before 2005 were excluded from the study.

Ascertainment of clinical characteristics—Demographic and clinical characteristics 

at the time of incident ACS were collected from the medical records by nurse abstractors. 

Clinicians’ diagnoses were used to define hypertension, hyperlipidemia, diabetes, heart 

failure, chronic obstructive pulmonary disease, familial coronary disease, and smoking 

status. Comorbidity was measured by the Charlson comorbidity index.20 Estimated 

glomerular filtration rate (eGFR) was calculated using the creatinine value closest to ACS 

diagnosis (± 1 year) with the Modification of Diet in Renal Disease Study equation.21

Body mass index (BMI) (kg/m2) was calculated using height and weight at the time of the 

ACS event.
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The severity of the MI was evaluated using several indicators.3 The Killip class served as 

the indicator of hemodynamic severity on admission.22 Cardiogenic shock (Killip class IV) 

was defined as a systolic blood pressure under 90 mmHg in the absence of hypovolemia. 

The presence of ST-segment elevation and Q waves was ascertained using the Minnesota 

code of the ECG.17 Reperfusion or revascularization (percutaneous coronary intervention, 

coronary artery bypass graft and thrombolysis) during the ACS hospitalization was collected 

from the medical records.

Outcome ascertainment—Participants were followed for death from any cause through 

June 2013. Deaths were obtained from inpatient and outpatient medical records, as well as 

death certificates which are received on a quarterly basis from Olmsted County and the state 

of Minnesota. Cardiovascular cause of death was based on codes from the 10th version of 

the International Classification of Diseases, while relying on the American Heart 

Association categories for cardiovascular deaths (I00 to I99).1

Statistical analysis

Baseline characteristics are presented as frequencies (percent) for categorical variables, 

mean (SD) for normally-distributed continuous variables and median (25th, 75th percentile) 

for continuous variables with a skewed distribution. Chi-square tests and Wilcoxon rank 

sum tests were used to test differences between ACS types and year group.

Age-, gender-, type of ACS-, and year-specific incidence rates of ACS were calculated. The 

denominators were determined by Olmsted County population data. These rates were 

directly standardized to the age and sex distribution of the US 2010 population and the rate 

ratio (RR) of ACS in 2010 compared to 2005 was estimated using Poisson regression. A 

linear and a quadratic component for year and age were tested. All 2-way interactions were 

tested.

Mortality within 30-days and mortality among 30-day survivors was analyzed with the 

Kaplan-Meier method according to year category (2005-2007 and 2008-2010) and ACS type 

and compared with the log-rank test. Cox proportional hazards regression was used to 

determine whether survival differed by year of diagnosis or ACS type while adjusting for 

age, sex, Charlson comorbidity index and reperfusion/revascularization. The proportional 

hazards assumption was tested using the scaled Schoenfeld residuals and found to be not 

valid. Consequently, the follow-up period was dichotomized at 30 days which resulted in the 

proportional hazards assumption being met. A P-value less than .05 was used as the level of 

statistical significance, except when testing interactions when a P-value of less than .10 was 

used.

Analyses were performed using SAS version 9.2 (SAS Institute Inc, Cary, NC). All aspects 

of the study were approved by the appropriate Institutional Review Boards.
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Results

Clinical characteristics

Between 2005 and 2010, 2898 potential incident ACS cases were identified in Olmsted 

County, Minnesota. Of these, 1,244 incident ACS events (806 [65%] MI, 438 [35%] UA) 

were validated. Of the 1,244 incident ACS cases, clinical and follow-up data were available 

for 1,221 (98%). The mean (SD) age at the incident ACS event was 67.7 (14.7) years and 

59% were men; neither the age nor the sex distribution differed between MI and UA (P=.54 

and .14, respectively) or between year groups of 2005-2007 and 2008-2010 (P=.42 and .12, 

respectively). Patients whose incident ACS event was UA were more likely to have a history 

of hypertension, hyperlipidemia and heart failure (Table 1). Furthermore, patients with UA 

had a higher BMI and lower Killip class and were less likely to receive reperfusion or 

revascularization. The clinical characteristics of the ACS patients were similar between year 

groups (2005-2007 and 2008-2010) with the exception of a higher proportion of patients 

having a history of hyperlipidemia and diabetes, a higher BMI and higher eGFR and lower 

Killip class in the more recent time period (Table 1). Notably, of those whose incident ACS 

event was an MI, the proportion of ST elevation MI was 23% and did not change over the 

study period (P=.60).

Incidence of ACS

The overall age- and sex-standardized incidence rate of ACS per 100,000 persons was 219 

(95% CI: 207-232) during the period 2005 to 2010. The MI standardized rate per 100,000 

was 142 (95% CI: 132-152) and for UA it was 77 (95% CI: 70-84). The incidence rate of 

ACS per 100,000 declined from 284 (95% CI: 248-319) in 2005 to 184 (95% CI: 157-210) 

in 2010 (RR: 0.62; 95% CI: 0.53-0.73), equating to a 38% decline. The magnitude of the 

decline was similar for MI and UA (P for ACS type*year interaction=.25; Figure 1). The 

decline in the incidence of ACS from 2005 to 2010 appeared to be greatest among the oldest 

age group in both men and women (P for year*age interaction=.03; Table 2).

Mortality

Within the first 30 days post-ACS diagnosis, 78 patients died. The overall 30-day case 

fatality rate was 6.4% (5.0-7.8%) and did not differ by year of diagnosis (unadjusted HR for 

2010 vs. 2005: 1.13; 95% CI: 0.59-2.15; Table 3). Results were similar after adjustment for 

sex, age, ACS type, Charlson comorbidity index and reperfusion/revascularization (adjusted 

HR for 2010 vs. 2005: 1.47; 95% CI: 0.76-2.85; Table 3). The 30-day case fatality rate was 

higher for MI (8.9%; 95% CI: 6.9-10.9%) than UA (1.9%; 95% CI: 0.6-3.1%), P<.001 

(Figure 2). The unadjusted 30-day mortality HR (95% CI) for MI vs. UA was 5.00 (95% CI: 

2.41-10.39; Table 3). Results were similar after adjustment for sex, age, year of ACS, 

Charlson comorbidity index and reperfusion/revascularization.

Among the 30-day survivors, 265 deaths occurred during a mean (SD) follow-up of 4.5 (2.1) 

years, of which 103 (39%) were from cardiovascular causes. There was no significant 

difference in survival between those with ACS in 2010 vs. 2005 (unadjusted HR: 0.84; 95% 

CI: 0.56-1.27; Table 3). Adjustment for sex, age, ACS type, Charlson comorbidity index and 

reperfusion/revascularization did not change these results (adjusted HR for 2010 vs. 2005: 
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0.88; 95% CI: 0.58-1.34; Table 3). One-year mortality rates were similar for MI (6.0%; 95% 

CI: 4.3-7.8) and UA (6.6%; 95% CI: 4.2-9.0%), log-rank P=.82 (Figure 2). There was no 

detectable difference in survival between MI and UA (unadjusted HR: 1.03; 95% CI: 

0.80-1.32; Table 3). Adjustment for sex, age, year of ACS, Charlson comorbidity index and 

reperfusion/revascularization did not substantially affect these results.

Discussion

These population-based data from Olmsted County, Minnesota, indicate that approximately 

one-third of ACS present as UA in the community and that the incidence of ACS declined 

substantially between 2005 and 2010. The rate of decline was similar for both MI and UA. 

Overall, survival after ACS did not change during the study period. While 30-day survival 

was worse for MI than UA, long-term survival was similar for both MI and UA.

ACS in the community

The ascertainment of UA in community studies is challenging. Indeed, relying on diagnostic 

codes may be of uncertain reliability but manual validation is time consuming. In this 

context, there are few published data on surveillance of coronary disease that includes UA. 

This is important as it is not known if the recently reported decline in MI3, 4 could be offset 

by opposite trends in UA.

Using diagnostic codes, data from the Western Australian Data Linkage System reported 

that UA constituted 35% of ACS.7 Data from the National Hospital Discharge Survey and 

the National Heart, Lung and Blood Institute indicated that approximately 30% of 1.1 

million discharges for ACS in 2010 were due to UA.1 Similarly, the expanded Global 

Registry of Acute Coronary Events (GRACE) study, which is a prospective, multinational 

study of patients hospitalized with ACS, found that among 31,982 patients enrolled from 

2001 to 2007, 26% had UA.23 In the community of Olmsted County, Minnesota, we report 

that UA accounts for 35% of all ACS in the community. The present study used rigorous 

case validation using standardized definitions and supports the validity of the 

aforementioned previous reports, which relied on administrative or registry data.

Incidence of ACS

The data on temporal trends in ACS are sparse. In the 1988-2001 Nationwide Inpatient 

Sample from the USA, rates of first-listed UA fell 87% from 29.7/10000 in 1988 to 

3.9/10000 in 2001, but as acknowledged by the authors, since the data relied on diagnostic 

codes, misclassification could not be ruled out.24 Over similar periods, declines in 

hospitalizations for UA were reported using different administrative data sources, including 

Medicare claims of SEER-Medicare control subjects and the National Hospital Discharge 

Survey.25, 26 Outside the USA, and within the Western Australian Data Linkage System, a 

significant decline in ACS was noted between 1996 and 2007.7 The rate of ACS declined 

annually by approximately 1.7% with a greater decline in UA compared to MI over time. 

Finally, in Canada, the hospitalizations for ACS fell 38% from 1994 to 2005.27

Taken collectively, these studies raise the critical question of a major change in the 

epidemiology of ACS but cannot provide a definitive answer as they share substantive 
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limitations including reliance on administrative data. Additionally, possible confounding due 

to temporal changes in biomarkers and/or assays could have masked a decline in MI 

incidence. Thus, the provocative question of a disappearance of hospitalized UA remained 

unanswered, requiring robust methods to provide the needed response. The present data 

addresses this critical gap in knowledge by showing that, in recent years (2005 to 2010), the 

incidence of all validated ACS in the community declined by 38%. The rate of decline was 

similar for both MI and UA and was the greatest among those aged 80 and older. This 

decline is substantial and occurred over a short period of time. As all cases were validated, a 

coding artifact is unlikely to explain these findings. The same biomarker and assay were 

used throughout the study period ruling out confounding by this factor as an alternate 

explanation for the trend.

Interpreting these findings requires integrating them with previous reports of a major change 

of the epidemiology of MI that we and others have previously reported. In the 

Atherosclerosis Risk in Communities (ARIC) study, from 1987 to 2008 the age-, 

biomarker-, and race-adjusted average annual rate of incident MI decreased 3.8% for men 

and 3.5% for women.5

A report from Kaiser Permanente group showed a 24% relative decrease in the incidence of 

MI from 1999 to 2008.4 The Worcester Heart Attack Study also reported declining 

incidence rates of MI (277 per 100,000 in 1975 to 209 per 100,000 in 2005).6 In Denmark, a 

large decline in the incidence of hospitalized MI was reported from 1984 to 2008 (37% for 

women and 48% for men).28 Similarly, in England the MI event rate fell 33% for men and 

31% for women from 2002 to 2010.29 Finally, we had reported a 33% decline in the 

incidence of MI in Olmsted County from July 1, 2000 to March 31, 2009.30 The present data 

reaffirms the decline of MI and brings forth important new knowledge in demonstrating that 

this decline is not offset by an increase in hospitalized UA, which had been one of the 

hypotheses that followed the aforementioned reports on the decline in the incidence of MI. 

To the contrary, the decline in UA is of the same magnitude, indicating that it pertains to all 

acute manifestations of coronary disease. The robust documentation of a large recent decline 

in the incidence of all ACS constitutes a striking observation, for which several explanations 

can be offered. Concomitant favorable trends in risk factors in the general population likely 

play a role,31-34 thereby implying a possible decline in the occurrence of coronary disease. It 

is also conceivable that care of coronary disease is shifting to the outpatient setting as 

chronic angina may become more frequent than acute events such as ACS. Future studies 

will be needed to test this hypothesis.

ACS mortality

We did not detect a temporal change in survival after incident ACS within the first 30 days 

or among 30-day survivors. To the best of our knowledge, few studies have reported on 

survival trends post incident ACS. In prior years, between 1999 and 2006, a reduction in in-

hospital death for ST-elevation MI and non-ST elevation ACS was reported in GRACE, 

which also reported a reduction in death within 6-months for non-ST elevation ACS but not 

for ST elevation MI.35 Similar results were reported from the Australian and New Zealand 

cohort of GRACE from 2000-2007.36 Further, several studies of MI have reported on trends 
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in short-term mortality. In the ARIC study, 28-day case fatality declined by 3% per year 

from 1987 to 2008.5 Data from Kaiser Permanente indicated a 24% reduction in 30-day 

mortality from 1999 to 2008.4 The 30-day case fatality rates also declined in the Worcester 

Heart Attack Study from 17.6% in 1975 to 11.9% in 2005.6 Finally, in Olmsted County we 

found a 56% decline in the risk of death within 30 days post incident MI from 1987 to 2006, 

contrasting with a lack of any detectable change in mortality among 30-day survivors.3 The 

present study brings about new current knowledge by reporting that thirty-day case fatality 

rates were worse for those whose incident ACS event was an MI than for those with UA. 

However, beyond 30 days, the mortality risk between MI and UA was similar.

Limitations

Some limitations should be acknowledged to aid in the interpretation of the data. We relied 

on the ICD-9 codes 410-414 to identify potential ACS cases and thus individuals without 

one of these codes would not have been included in the screening process. We had limited 

statistical power for detecting differences in post-ACS survival or examining cause-specific 

death. Furthermore, as with any study, the racial and ethnic composition of the population 

may limit the generalizability to ethnic groups not adequately represented in the population. 

This does not limit the impact of our findings, which provide important new information on 

the epidemiology of ACS, which are lacking to date. Moreover, the population of Olmsted 

County, Minnesota, is representative of the state of Minnesota and the Upper Midwest 

region of the US.37

Clinical Implications and Conclusions

The present study has important implications for understanding the contemporary 

epidemiology of ACS. We quantified the burden of ACS, including both MI and UA, in the 

community. Until now, it was unclear if trends in hospitalized UA could have been 

offsetting trends in MI, thereby merely representing a shift along the spectrum of acute 

coronary disease. We present strong evidence that this is not the case as the incidence of all 

ACS is declining and that the trends are similar for both MI and UA, thereby underscoring 

that all acute manifestations of coronary disease have declined in recent years. While MI had 

worse short-term survival than UA, there was no difference in long-term survival by ACS 

type.

This major change in the epidemiology of all ACS with its unanticipated decline in 

occurrence contributes to declining volumes of revascularizations.38, 39 Importantly, the 

potential impact of declining incidence of disease could not by design have been addressed 

in these studies of health care utilization. Thus our data inform a matter of great importance 

for patient care, public health and policy, and training of the next generation of cardiologists.
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Figure 1. 
Incidence of ACS by type in Olmsted County, 2005-2010.
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Figure 2. 
Survival after ACS by type, within the first 30 days (left panel) and among 30 day survivors 

(right panel).
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Table 3

Hazard ratios (95% CIs) for mortality post ACS

Unadjusted HR (95% CI) Model 1
a

Model 2
b

2010 vs. 2005

    30-day 1.13 (0.59-2.15) 1.52 (0.78-2.93) 1.47 (0.76-2.85)

    Post 30-day 0.84 (0.56-1.27) 0.96 (0.63-1.45) 0.88 (0.58-1.34)

MI vs. UA

    30-day 5.00 (2.41-10.39) 5.26 (2.53-10.95) 6.32 (3.03-13.19)

    Post 30-day 1.03 (0.80-1.32) 1.04 (0.81-1.34) 1.28 (0.99-1.65)

a
2010 vs. 2005 models adjusted for age, sex, ACS type; MI vs. UA models adjusted for age, sex and year.

b
Additionally adjusted for Charlson comorbidity index and reperfusion/revascularization.
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