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Major changes have recently occurred in the epidemiology of myocardial infarction (MI) that could possibly affect

outcomes such as heart failure (HF). Data describing trends in HF after MI are scarce and conflicting and do not dis-

tinguish between preserved and reduced ejection fraction (EF). We evaluated temporal trends in HF after MI. All resi-

dents of Olmsted County, Minnesota (n = 2,596) who had a first-ever MI diagnosed in 1990–2010 and no prior HF

were followed-up through 2012. Framingham Heart Study criteria were used to define HF, which was further classified

according to EF. Both early-onset (0–7 days after MI) and late-onset (8 days to 5 years after MI) HF were examined.

Changes in patient presentation were noted, including fewer ST-segment–elevation MIs, lower Killip class, and more

comorbid conditions. Over the 5-year follow-up period, 715 patients developed HF, 475 of whom developed it during

the first week. The age- and sex-adjusted risk declined from 1990–1996 to 2004–2010, with hazard ratios of 0.67

(95% confidence interval (CI): 0.54, 0.85) for early-onset HF and 0.63 (95% CI: 0.45, 0.86) for late-onset HF. Further

adjustment for patient and MI characteristics yielded hazard ratios of 0.86 (95% CI: 0.66, 1.11) and 0.63 (95% CI:

0.45, 0.88) for early- and late-onset HF, respectively. Declines in early-onset and late-onset HF were observed for HF

with reduced EF (<50%) but not for HF with preserved EF, indicating a change in the case mix of HF after MI that

requires new prevention strategies.

cardiovascular diseases; community studies; ejection fraction; heart failure; myocardial infarction; population-

based studies; secular trends; surveillance

Abbreviations: CI, confidence interval; CK, creatine kinase; EF, ejection fraction; HF, heart failure; MI, myocardial infarction.

Heart failure (HF) is a major health problem worldwide
and a leading cause of hospital admissions and resource utili-
zation in the United States (1, 2). Coronary artery disease, and
in particular acute myocardial infarction (MI), is an impor-
tant cause of HF (3, 4). The incidence of HF after MI is
therefore a major clinical and public health concern, not only
because of its frequency (5, 6) but also because of its sub-
stantial associated mortality rate (7, 8). HF is a syndrome that
can occur with either reduced or preserved left ventricular
ejection fraction (EF) (9). Both confer a comparable mortal-
ity risk (10), with the latter increasing in prevalence over time
in the community (11). The respective proportion of HF with
reduced or preserved left ventricular EF and how that pro-
portion may have changed over time after MI is not known.

Important changes in the epidemiology of MI have
occurred in the last 2 decades, characterized by increased
proportion of non–ST-segment–elevation MI, improved treat-
ment, reduced short-term case fatality rates, and an increased
proportion of deaths from noncardiovascular causes (12–15).
However, contemporary data on trends in the incidence of HF
after MI, which may have been affected as well, are lacking. In
the few studies on this topic that have been conducted to date,
none of which extended beyond the early-to-mid 2000s, incon-
sistent results were reported, including increasing (5, 16), stable
(17), and decreasing (18, 19) trends. Accordingly, Jhund et al.
(20) called for the reevaluation of these trends usingmore recent
data that better capture the consequences of the changes in MI
epidemiology. Responding to this need, we evaluated trends in
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post-MI incidence of HF between 1990 and 2012 in a geo-
graphicallydefinedpopulation.Specifically,weexamined trends
in early versus late incidence and inHFwith reduced versus pre-
served EF and assessed the extent to which these trends are
attributable to observed changes in MI presentation and other
clinical characteristics.

MATERIALS AND METHODS

Study design and setting

This research was conducted in Olmsted County, Minnesota,
a location well suited for disease association studies because of
its relative isolation from other urban centers and because com-
prehensive medical records from all sources of care for the
local population are indexed and linked via the Rochester Epi-
demiology Project (21). Because nearly all Olmsted County
residents are represented in this system, this data source pro-
vides a virtually complete enumeration of the source popula-
tion for many decades (22). After approval by the appropriate
institutional review boards, a follow-up study was carried out
utilizing the above resources.

Cohort identification and validation

Residents admitted to Olmsted County hospitals with pos-
sible MI from 1990 to 2010 were identified with methods
that have been described previously (13). Briefly, all events
that were codedwith International Classification of Diseases,
9th Revision, code 410 (acute MI) were reviewed. In addi-
tion, events with code 411 (other ischemic heart disease)
were reviewed in a 50% random sample from 1987 to 1998,
a 10% random sample from 1999 to 2002, and a 100% sample
from 2003 to 2010. Additional codes were not included because
they yielded a low number of results.

MIswere validated using standard epidemiologic criteria (13).
Patients diagnosed with an MI prior to 1990 were excluded so
that only incident (first-ever) cases were investigated. The diag-
nosis of MI was verified based on the presence of 2 of the
following: cardiac pain, elevated biomarker levels, and electro-
cardiographic changes. Biomarkers used in clinical practice
included creatine kinase (CK) and CK-MB until 2000 and
troponin thereafter. However, CK-MB was still measured
after 2000 as part of a surveillance study. Case reviews were
performed to ensure that alternative causes for biomarker
elevation were taken into consideration. Troponin T, CK, and
CK-MB levels were measured with a sandwich electrochemi-
luminescence immunoassay on the Elecsys 2010 (Roche
Diagnostics Corp, Indianapolis, Indiana) in the laboratories
of the Department of Medicine and Pathology at Mayo
Clinic.

Additional clinical data

Each medical record was reviewed to ascertain data on car-
diovascular risk factors, comorbid conditions, MI characteris-
tics, and acute treatment at the index date or at the closest time
before hospital admission. Cigarette smoking was classified
as current versus former/never smoking. Body mass index
(measured as weight (kg)/height (m)²) was calculated using

the current weight and earliest available adult height measure-
ment. Clinical definitions were used to assess whether
patients had hypertension or hyperlipidemia. Heart rate at the
time of admission and data on the presence or absence of
atrial fibrillation during the index hospitalization were
obtained. The overall comorbidity burden was assessed using
the Charlson index (23), which consists of 17 serious comor-
bid conditions weighted according to the degree to which they
predict death. The Modification of Diet in Renal Disease equa-
tion (24) was used to estimate glomerular filtration rate, with a
rate less than 60 mL/min regarded as evidence of impaired
renal function. ST-segment elevation and Killip class were
recorded. The latter was determinedwithin 24 hours of the index
MI and analyzed as a categorical variable (class >1 vs. class 1).
Reperfusion/revascularization included thrombolytic therapy,
coronary artery bypass grafting, and/or percutaneous coro-
nary intervention during the index hospitalization. Recurrent
MIs (occurrence and date) were recorded based on clinical
diagnoses.

Outcome measure

The primary outcome was time to HF, overall and by type
(according to EF measurement). Participants were followed
up through their complete (inpatient and outpatient) medical
records in the community from the index date to the occur-
rence of HF, death, or the most recent clinical contact. The
study period extended from January 1990 through July 2012.
Clinical diagnoses of HF were reviewed. HF was validated
using the Framingham Heart Study criteria. These criteria
require the presence of at least 2major criteria or 1major crite-
rion in addition to 2 minor criteria (25) to confirm HF; the
ascertainment process in the study setting has previously been
described in detail (26). Echocardiograms in Olmsted County
were performed at the Mayo Clinic throughout the study
period. EF was measured using an approach that was recently
described (9). The EFmeasurement that was closest to the HF
diagnosis (applying a predefinedmaximumperiod of 60 days)
was recorded for each participant. Reduced and preserved EFs
were defined as less than 50% and 50% or more, respectively
(10). Death was ascertained throughmultiple sources, including
autopsy reports, death certificatesfiled inOlmstedCounty,obitu-
ary notices, and electronic death certificates obtained from the
Section ofVital Statistics,MinnesotaDepartment ofHealth.

Statistical analysis

Patients who had HF prior to the index MI were excluded
from the analyses. For ease of interpretation and presentation,
we used an approach similar to the one used in previous studies
(16, 19). The year of the index MI (the primary exposure vari-
able)was divided into 3 categories (1990–1996, 1997–2003, and
2004–2010). Baseline characteristics across year categories are
presented as means and standard deviations for continuous vari-
ables and as frequencies for categorical variables.

Age- and sex-adjusted cumulative incidence curves for HF
across year categories were projected for up to 5 years using
the direct adjustment method (27). Because in the presence of
competing risks, standard survival predictions may substan-
tially overestimate the absolute risk of the event of interest
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(28), the cumulative incidence estimates were adjusted for
death as a competing event (29), adopting the Fine and Gray
subdistribution hazard model (30). On the basis of these com-
putations, absolute risk differences and 95%confidence inter-
vals between year categories at predefined follow-up intervals
were evaluated.
Cox proportional hazards regression models (31) were con-

structed to estimate the hazard ratios and 95% confidence inter-
vals for HF incidence between year categories. Adjustment was
done sequentially for demographicvariables, cardiovascular risk
factors and comorbidities, MI characteristics and severity, acute
interventions, and recurrent MI (which was modeled as a time-
dependentcovariate).Becauseweadjusted for theCharlson index
as a measure of overall comorbidity burden, specific compo-
nents of this index (e.g., diabetes mellitus and cerebrovascu-
lar disease) were not included individually in the models. The
proportional hazards assumption was tested using the scaled
Schoenfeld residuals and did not hold for several covariates,
including the primary exposure variable. In light of previous
findings that suggested a bimodal occurrence of HF after MI
(32), follow-up was divided into 2 intervals (0–7 days (early
risk period) and 8 days–5 years (late risk period)) so that the
proportional hazards assumption was satisfied for all the var-
iables considered.
A subsequent analysis was undertaken to assess temporal

trends in the risk of HF by type. HF with reduced EF and HF
with preserved EF were assessed individually. Data on EF
were missing in 18% of the cases. A complete-case analysis
was initially performed, followed by a multiple imputation
analysis (33). Ten datasets were created, with missing values
replaced by imputed values based on a model that incorpo-
rated various demographic and clinical variables and an indi-
cator for HF along with the cumulative baseline hazard of
HF approximated by the Nelson-Aalen estimator (34). The
results of these datasets were then combined using Rubin’s
rules (33). Tests for linear trend were performed by using
integer scores across year categories. Homogeneity in trends
across subgroupswas examined by including year-by-age and
year-by-sex interaction terms. Analyses were performed using
SAS statistical software, version 9.3 (SAS Institute Inc., Cary,
North Carolina).

RESULTS

Changes in MI presentation

From January of 1990 to December of 2010, there were
2,943 residents hospitalized in Olmsted County with an initial
MI, of whom 347 (12%) had a history of HF. The prevalence
of HF before MI remained stable during the study period (10%
in 1990–1996, 14% in 1997–2003, and 11% in 2004–2010; P
for trend = 0.88). After excluding patients with HF that pre-
ceded the index MI, we were left with 2,596 participants to be
analyzed in this study (mean age, 66.5 years; 60% men; 96%
white). Baseline characteristics of the patients across categories
of the year of diagnosis are shown in Table 1. The typical
MI presentation changed over time, with fewer ST-segment–
elevation and anterior MIs, lower Killip class, and more
comorbid conditions. The overall utilization of reperfusion/
revascularization therapy intensified.

Trends in HF incidence

Over 5 years of follow-up, 715 patients developed HF, 475
(66%) of whom did so during the first week after MI. The
crude incidence rates of HF per 100 person-years were 10.8
in 1990–1996, 11.4 in 1997–2003, and 9.8 in 2004–2010.
Accounting for death as a competing risk, the age- and sex-
adjusted incidence rates of HF have declined over time both for
the early-onset (0–7 days) and late-onset (8 days–5 years) HF
categories (Figure 1). In absolute terms, the excess HF risk at 7
days in 1990–1996 versus 2004–2010 was 5.7 (95% confi-
dence interval (CI): 2.5, 9.0) cases per 100 patients. Among
patients who survived for 7 or more days, the excess risk at 5
years was 5.8 (95% CI: 2.1, 9.6) (Table 2).
The age- and sex-adjusted hazard ratios for HF in the recent

versus earliest time periods were 0.67 (95% CI: 0.54, 0.85) for
early-onset HF and 0.63 (95% CI: 0.46, 0.86) for late-onset
HF (Table 3). The temporal decline in the risk of early-onset
HF was largely accounted for by changes in MI characteristics
and severity (model 2) and was further reduced after adjust-
ment for recurrent MI (model 4). Conversely, the temporal
decline in late-onset HF was only minimally affected by these
adjustments (Table 3). None of the trends differed signifi-
cantly by age or sex (P for interaction > 0.05). In ancillary
analyses, MIs that met only criteria based on troponin levels
were excluded from the analyses; similar results were obtained
(data not shown). In addition, further adjustment for heart rate
on admission, atrial fibrillation, impaired renal function, and
anterior MI yielded results virtually identical to those pre-
sented in the fully adjusted models in Table 3. Lastly, using a
generalized additive model, a nonlinear trend in the relation-
ship between year and early-onset HF was detected (P < 0.01
for the spline term). Accordingly, a quadratic term of year was
tested in a Cox proportional hazards model and found to be
significant (P = 0.001), indicating a more rapid decline in
early HF risk after MI during recent years.

Trends by HF type

The observed (i.e., complete-case analysis) proportion of
HF with reduced EF was 67% (276 of 415 incidents) for
early-onset HF and 60% (103 of 172 incidents) for late-onset
HF. Similar estimates were obtained using the multiple impu-
tation analysis (67% (317 of 475 incidents) and 60% (144 of
240 incidents) for early- and late-onset HF, respectively). The
observed proportion of patients who had HF with reduced EF
declined from 1990–1996 to 2004–2010 for both early-onset
(from 75% to 62%; P = 0.03) and late-onset (from 79% to
44%; P < 0.001) HF. These trends were again similar in the
multiple imputation analysis (from 75% to 62% for early-
onset HF and 76% to 44% for late-onset HF), illustrating the
reducing prevalence of HF with impaired EF.
The association between year categories and HF types is

summarized in Table 4 and Figure 2. For the multiple impu-
tation analysis, the age- and sex-adjusted hazard ratios for
HF with reduced EF in 2004–2010 versus 1990–1996 were
0.55 (95% CI: 0.41, 0.73) for early-onset HF and 0.36 (95%
CI: 0.23, 0.56) for late-onset HF. The estimates for HF with
preserved EF were 1.07 (95% CI: 0.69, 1.66) and 1.47 (95%
CI: 0.85, 2.55), respectively, for early- and late-onset HF
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(Table 4). Accounting for death as a competing risk supported
a steady decrease in the cumulative incidence of HF with
reduced EF, with no evidence of a decline in HF with pre-
served EF, both for early-onset and late-onset HF (Figure 2).
Multivariable adjustment for various prognostic factors
accounted for some of the decline in the risk of early-onset
HF with reduced EF (hazard ratio = 0.74, 95% CI: 0.54,
1.03) but did not materially change the risk estimate for late-
onset HF with reduced EF (hazard ratio = 0.39, 95% CI:
0.25, 0.60). The hazard ratios for HF with preserved EF after
similar adjustment were 1.22 (95% CI: 0.75, 1.98) and 1.36
(95% CI: 0.76, 2.43), respectively, for early- and late-onset
HF. The results of the complete-case analysis were similar to
those obtained from the multiple imputation analysis.

DISCUSSION

Summary of findings

The present community surveillance study provides strong
evidence for a temporal decline in HF risk after incident MI.
Using data that spanned more than 2 decades (1990–2012)

and originated from a carefully characterized cohort for whom
we had complete ascertainment of outcomes, we detected a
bimodal distribution of HF rates, with a high-risk stage during
the first week after MI followed by a “reset period” at a lower
rate. A temporal decline in incidence was observed for both
early- and late-onset HF. Adjustment for several covariates of
high clinical relevance, mainly MI characteristics and sever-
ity, accounted for the decline in the risk of early-onset HF
but not the decline in the risk of late-onset HF. Among HF
patients, the proportion of cases presenting with impaired
EF declined over time for both early- and late-onset HF as a
result of a lack of reduction in HF with preserved EF.

Challenges in monitoring trends in HF after MI

HF is among the most devastating outcomes after MI (7,
8). Although remarkable changes in the epidemiology of MI
have taken place during the past decades that affected clini-
cal presentation, treatment, and outcomes (12–14), the trends
in HF after MI remain insufficiently characterized. This gap
in knowledge likely reflects diverging and complex longitu-
dinal changes in key determinants of HF after MI. On the one

Table 1. Baseline Patient Characteristics by Index Myocardial Infarction Year Categories, Olmsted County,

Minnesota, 1990–2010

Characteristic

Index MI Year Category

P Value
1990–1996
(n = 780)

1997–2003
(n = 845)

2004–2010
(n = 971)

No. % No. % No. %

Age, years 66.1 (13.9)a 67.5 (14.8)a 66.1 (14.8)a 0.06

Male sex 441 57 509 60 616 63 0.01

Body mass indexb 27.9 (6.0)a 28.3 (5.7)a 28.9 (6.0)a 0.01

Hypertension 407 52 511 61 653 67 <0.001

Hyperlipidemia 255 33 460 54 636 66 <0.001

Current smoking 246 32 202 24 222 23 <0.001

Heart rate on admission, bpm 82 (22)a 83 (23)a 82 (23)a 0.34

Atrial fibrillation 88 12 94 11 98 10 0.62

Estimated GFR, <60 mL/min per 1.73 m2 383 49 468 56 352 36 <0.001

Charlson comorbidity index score <0.001

0 368 47 329 39 412 42

1–2 297 38 345 41 350 36

≥3 114 15 171 20 209 22

ST-segment–elevation MI 341 41 263 32 247 25 <0.001

Anterior MI 279 36 312 38 316 33 0.03

Troponin-only MI 0 0 92 11 242 25 <0.001

Killip class >1 226 29 224 27 196 20 <0.001

Coronary artery bypass graft surgery 80 10 77 9 82 8 0.43

Percutaneous coronary intervention 309 40 466 55 627 65 <0.001

Thrombolysis 188 24 32 4 5 1 <0.001

Any reperfusion/revascularization therapy 488 63 549 65 700 72 <0.001

Abbreviations: GFR, glomerular filtration rate; MI, myocardial infarction.
a Values are expressed as mean (standard deviation).
b Weight (kg)/height (m)2.
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hand, the dramatic decline in case-fatality rates of MI (35)
that reflect modern treatments and improved MI care have
resulted in an increasing proportion of survivors at height-
ened risk of future nonfatal events, including HF (7). On the
other hand, parallel developments in therapeutic strategies
aimed at preventing the development of HF after MI (36, 37)
and a decrease in overall MI severity (13, 38) have presum-
ably contributed to reducing HF. Published data illustrate this
controversy. In the Framingham Heart Study, an increase in
the incidence of HF after MI was observed between 1970 and
1999 that paralleled the decrease in the death rate (16). These
findings were supported in other settings with larger sample
sizes (5, 17). In contrast, a decreasing trend was observed in
Olmsted County, Minnesota, between 1979 and 1994 (39) and
in the Worcester Heart Attack Study between 1975 and 2005
(18). Possible explanations for the conflicting results of pre-
vious studies may lie in differences in the case mix of the
study samples (first vs. recurrent MI; inclusion vs. exclusion
of patients with previous HF), variation in the duration of
follow-up (in-hospital vs. long-term), quality of ascertainment
of HF (International Classification of Diseases, 9th Revision
codes vs. validated cases; inpatient vs. outpatient), and dis-
tinctions in the time periods of observation. Moreover, pre-
vious studies are now somewhat dated and were published
in the midst of the HF epidemic (35); thus they do not fully
capture the consequences of the aforementioned recent and
major changes in the epidemiology of MI (20).

Interpretation of study findings

Community surveillance studies, which measure popula-
tion trends in disease incidence and outcomes, are ideally
suited to evaluate contemporary trends in HF after MI. Accord-
ingly, the comprehensive population-based approach provided
by the Rochester Epidemiology Project, along with a rigor-
ous ascertainment of incident MI and the access to complete
inpatient and outpatient data, offers a unique opportunity to
conduct robust surveillance that addresses previous gaps in
knowledge. We identified a decline in HF incidence after MI
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Figure 1. Temporal trends in the cumulative incidence rates of heart
failure after myocardial infarction in Olmsted County, Minnesota,
1990–2010. The curves represent year categories of index myocardial
infarction. Using the direct adjustment method, adjustment was made
for age and sex, with death considered a competing event. Follow-up is
divided into A) early risk (0–7 days after myocardial infarction) and B)
late risk (0–5 years among those who survived 7 or more days after
myocardial infarction) periods.

Table 2. Trends in Age- and Sex-Adjusted Incidence of Heart Failure After Myocardial Infarction in Olmsted County, Minnesota, 1990–2010a

Year Group
Comparisonb

Entire Cohort (n = 2,596) 7-Day Survivors (n = 2,041)

0–1 Days After MI 0–7 Days After MI 0–1 Year After MI 0–5 Years After MI

Absolute Risk
Differencec

95% CI
Absolute Risk
Differencec

95% CI
Absolute Risk
Differencec

95% CI
Absolute Risk
Differencec

95% CI

1990–1996 vs.
2004–2010

4.0 1.8, 6.3 5.7 2.5, 9.0 3.1 1.0, 5.1 5.8 2.1, 9.6

1997–2003 vs.
2004–2010

3.5 1.3, 5.7 5.0 1.9, 8.1 1.4 −0.4, 3.2 2.7 −0.8, 6.1

1990–1996 vs.
1997–2003

0.5 −1.9, 2.9 0.7 −2.7, 4.1 1.7 −0.4, 3.8 3.1 −0.8, 7.1

Abbreviations: CI, confidence interval; MI, myocardial infarction.
a Absolute risk differences (excess heart failure cases and 95% confidence intervals per 100 patients) between year groups for selected time

intervals during follow-up.
b Values from the later period were subtracted from those from the earlier period.
c Risk differences were estimated using the direct adjustment method at the end of the intervals. Estimates were derived from the Fine and

Gray subdistribution hazard regressions, with death treated as a competing event.

1276 Gerber et al.

Am J Epidemiol. 2013;178(8):1272–1280



over the past 2 decades. The decline applied to both early (first
week) and late (5 years) HF incidence. However, although
the decline in early HF was largely attributable to observed
changes in clinical variables (mainly MI characteristics), the
decline in late HF was unaffected by these variables. Con-
ceptually, early-onset HF after MI reflects extensive myocar-
dial damage and is thus related to the severity of MI. By
contrast, late-onsetHF is thought to be related to severalmech-

anisms, including progressive remodeling, recurrent MI, and
subclinical ischemia (3, 7). The fact that clinical characteris-
tics at the time of index hospitalization and recurrentMI could
not account for the temporal decline in late-onset HF sug-
gests that other factors play a role in this decline. The intro-
duction of newHF treatments over the past decades, including
angiotensin-converting enzyme inhibitors, aldosterone antag-
onists, angiotensin receptor blockers, and β-blockers, have

Table 4. Temporal Trends by Heart Failure Type in Olmsted County, Minnesota, 1990–2010a

Adjustmentb

Heart Failure With Reduced Ejection Fraction Heart Failure With Preserved Ejection Fraction

1990–1996 1997–2003 2004–2010
PTrend

1990–1996 1997–2003 2004–2010
PTrend

HRb 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Early riskc

Age and sex 1.00 Referent 0.80 0.61, 1.04 0.55 0.41, 0.73 0.002 1.00 Referent 1.45 0.94, 2.23 1.07 0.69, 1.66 0.14

Multivariable 1.00 Referent 0.95 0.71, 1.28 0.74 0.54, 1.03 0.14 1.00 Referent 1.58 1.00, 2.50 1.22 0.75, 1.98 0.11

Late riskd 1.00 1.00

Age and sex 1.00 Referent 0.58 0.39, 0.88 0.36 0.23, 0.56 <0.001 1.00 Referent 1.44 0.78, 2.65 1.47 0.85, 2.55 0.35

Multivariable 1.00 Referent 0.58 0.39, 0.87 0.39 0.25, 0.60 <0.001 1.00 Referent 1.38 0.75, 2.55 1.36 0.76, 2.43 0.53

Abbreviations: CI, confidence interval; HR, hazard ratio.
a Hazard ratios and 95% CIs between year groups during early and late risk periods from the multiple imputation analysis.
b Multivariable adjustment was made for age, sex, comorbid conditions, body mass index (measured as weight (kg)/height (m)2), hypertension,

hyperlipidemia, smoking, Killip class, ST-segment–elevation myocardial infarction, coronary artery bypass graft surgery, percutaneous coronary

intervention, thrombolysis, and recurrent myocardial infarction (modeled as a time-dependent covariate).
c The early risk period was 0–7 days after myocardial infarction. Analyses were based on a total of 475 heart failure cases, 317 (67%) of whom

had a reduced ejection fraction and 158 of whom had a preserved ejection fraction.
d The late risk period was 8 days–5 years after myocardial infarction. Analyses were based on a total of 240 heart failure cases, 144 (60%) of

whom had a reduced ejection fraction and 96 of whom had a preserved ejection fraction.

Table 3. Temporal Trends in Incidence of Heart Failure After Myocardial Infarction in Olmsted County, Minnesota, 1990–2010

Adjustment

Follow-up Period

Earlya Lateb

1990–1996 1997–2003 2004–2010 1990–1996 1997–2003 2004–2010

HR 95% CI HR 95% CI HR 95% CI PTrend HR 95% CI HR 95% CI HR 95% CI PTrend

Age and sex 1.00 Referent 0.96 0.77, 1.19 0.67 0.54, 0.85 0.001 1.00 Referent 0.79 0.59, 1.07 0.63 0.46, 0.86 0.004

Model 1c 1.00 Referent 0.98 0.79, 1.22 0.70 0.55, 0.89 0.003 1.00 Referent 0.75 0.55, 1.02 0.56 0.40, 0.80 0.001

Model 2d 1.00 Referent 1.04 0.83, 1.30 0.81 0.63, 1.03 0.086 1.00 Referent 0.71 0.52, 0.98 0.54 0.38, 0.77 0.001

Model 3e 1.00 Referent 1.10 0.87, 1.38 0.78 0.61, 1.01 0.220 1.00 Referent 0.78 0.56, 1.09 0.60 0.42, 0.86 0.006

Model 4f 1.00 Referent 1.10 0.87, 1.39 0.86 0.66, 1.11 0.209 1.00 Referent 0.73 0.55, 0.99 0.63 0.45, 0.88 0.006

Abbreviations: CI, confidence interval; HR, hazard ratio.
a The early risk period was 0–7 days after myocardial infarction. Models were based on 475 heart failure cases among 2,596 patients with

myocardial infarction.
b The late risk period was 8 days to 5 years after MI. Analyses were restricted to patients who survived 7 or more days without heart failure.

Models were based on 240 heart failure cases among 2,041 patients with myocardial infarction.
c Model 1 was adjusted for age, sex, Charlson index category, body mass index (measured as weight (kg)/height (m)2), hypertension,

hyperlipidemia, and smoking.
d Model 2 was adjusted for the factors in model 1 plus a Killip class greater than 1 and ST-segment–elevation myocardial infarction.
e Model 3 was adjusted for the factors in model 2 plus coronary artery bypass graft surgery, percutaneous coronary intervention, and

thrombolysis.
f Model 4 was adjusted for the factors in model 3 plus recurrent myocardial infarction.
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been shown to improve morbidity and mortality in selected
populations of patients with MI (36, 37), thereby providing
a possible mechanism for the decreasing risk.
To the best of our knowledge, the present study provides

one of the first longitudinal reports of the trends in HF after
MI by type, as we were able to categorize HF from echocar-
diographic data as having either reduced of preserved EF,
information that was lacking in previous publications (16).
Although the rate of HF with reduced EF steadily declined
for both the early-onset and late-onset periods, no reduction
and even a possible increase was detected for the rate of HF
with preserved EF, regardless of the timing of HF onset.
This indicates that the case mix of HF after MI is shifting,
raising the important question of changing mechanisms. It is

often assumed that HF after MI is more likely to present with
reduced EF (40); however, the present data challenges this
dogma, underscoring the need for mechanistic studies on this
matter.
Some limitations should be acknowledged in interpreting

these data. These results emanate from a single Midwestern
community that is predominantly white, and thus they may
not be applicable to other populations. Yet, although no sin-
gle community will be completely representative of the nation
as a whole, comparisons of previous population-based stud-
ies of various chronic diseases in Olmsted County with those
from other communities in the United States indicated that
the results for the population of this area can be extrapolated
to a large part of the population of the country (21, 22, 41).
HF was ascertained by using the Framingham Heart Study
criteria (25), which may result in some misclassification.
Data on socioeconomic status or medical insurance were not
routinely recorded until more recent years, precluding an ade-
quate assessment of their intermediary role. Echocardiograms
were not routinely performed during the indexMI, which pre-
cluded modeling of baseline EF, and were missing in some
of the HF cases, necessitating the use of multiple imputations
in the analysis of HF type. In addition, beyond acute inter-
ventions, we did not model the use of specific treatments, so
their potential mediating effect cannot be assessed in this
study.

Potential implications

The American Heart Association recently announced a
new 2020 strategic goal of improving cardiovascular health
of all Americans by 20% (42). To demonstrate success, we
must be able to monitor progress. Our ability to do so is hin-
dered by the lack of a global approach to the surveillance of
cardiovascular disease (43). Without a national system, the
surveillance of cardiovascular disease relies on an integrated
approach that leverages vital statistics, administrative data-
sets, community surveillance programs, and local registries
(44). The present study illustrates the use of such an approach
for surveillance of cardiovascular disease by reporting on con-
temporary trends in HF after MI in a well-characterized com-
munity for whom we had complete access to longitudinal
follow-up data.
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Figure 2. Temporal trends in the cumulative incidence rates of type
of heart failure after myocardial infarction in Olmsted County, Minne-
sota, 1990–2010. The bars represent categories of index myocardial
infarction year and consist of heart failure with either reduced or pre-
served ejection fraction (EF). Adjustment was made for age and sex
using the direct adjustment method, with death considered a compet-
ing event. Rates are divided into A) early risk (0–7 days after myocar-
dial infarction) and B) late risk (8 days–5 years after myocardial
infarction) incidence periods.
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