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Abstract

Background—Contemporary data are lacking on the prognostic importance of heart failure (HF)
after myocardial infarction (MI). We evaluated the prognostic impact of HF post MI according to
preserved/reduced ejection fraction (EF) and the timing of its occurrence.

Methods and Results—All Olmsted County, Minnesota residents (n=2,596) with incident Ml
diagnosed in 1990-2010 and no prior HF were followed through March 2013. Cox models were
used to examine (1) the hazard ratios (HRs) for death associated with HF type and timing; and (2)
secular trends in survival by HF status. During a mean follow-up of 7.6 years, there were 1116
deaths, 634 in the 902 patients who developed HF (70%), and 482 in the 1694 patients who did
not develop HF (28%). After adjustment for age and sex, HF as a time-dependent variable was
strongly associated with mortality (HR=3.31, 95% confidence interval [CI]: 2.93-3.75),
particularly from cardiovascular causes (HR=4.20, 95% CI: 3.50-5.03). Further adjustment for Ml
severity and comorbidity, acute treatment, and recurrent Ml moderately attenuated these
associations (HR=2.49 and 2.94 for all-cause and cardiovascular mortality, respectively).
Mortality did not differ by EF, but was higher for delayed- vs. early-onset HF (p for
heterogeneity=0.002). The age- and sex-adjusted 5-year survival estimates in 2001-2010 vs.
1990-2000 were 82% and 81% among HF-free and 61% and 54% among HF patients, respectively
(p for heterogeneity of trends=0.05).

Correspondenceto: Dr. Véronique L. Roger; Mayo Clinic; 200 First Street, SW; Rochester, MN 55905; Phone: 507-538-6916; Fax:
507-284-1516; roger.veronique@mayo.edu.

Gerber et al: Mortality Associated With HF After Ml

Disclosures
None.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gerber et al. Page 2

Conclusions—HF markedly increases the risk of death after MI. This excess risk is similar
regardless of EF but greater for delayed- vs. early-onset HF. Mortality after MI declined over
time, primarily as a result of improved HF survival.
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studies; secondary prevention

Heart failure (HF) is common after acute myocardial infarction (MI),2# which is considered
to be one of its major precursors,>7 and has been associated with excess mortality.4 815 The
magnitude of this excess risk was reported to be unchanged during the 1980s and

1990s.16: 17 However, important changes in the epidemiology of MI have taken place over
the last decades, characterized by an increased proportion of non-ST-segment-elevation Ml,
improved acute treatment and secondary prevention measures, reduced short-term case
fatality rates and an increasing burden of morbidity and mortality from non-cardiovascular
causes.18-22 These have likely influenced the already complex and multifaceted association
between HF after MI and mortality. Changes in the epidemiology of HF after MI occurred
as well, with a decline in its incidence3: 15 23 and a change in the case mix according to left
ventricular dysfunction, characterized by an increasing proportion of HF cases presenting
with preserved ejection fraction (EF),3 for which treatment benefits are less established.24 2
These complex changes in key determinants of the incidence and prognosis of HF after Ml
point to the need to evaluate its current prognostic role. Indeed, previous estimates based on
well-defined clinical cohorts are now outdated* 8 9. 12,13, 16 hecause they do not reflect the
aforementioned changes in the epidemiology of MI, and HF complicating Ml, in the
population. More recent studies have not applied standardized methods of Ml and HF
ascertainmentL: 14 or were limited to HF developing during the index MI hospitalization
only.10.15 Including HF after hospital discharge is important, however, as evidence suggests
that these cases face poor prognosis.8 11: 14 Hence, existing results are predictably
conflicting, with mortality hazard ratios (HRs) associated with incident HF ranging from
less than twofold* 15 to more than tenfold.8 Most importantly, reports classifying HF by
reduced (HFrEF) or preserved (HFpEF) EF are rare, and no data are available evaluating the
association with cause-specific death. This is critical in light of the reported shift in deaths
after HF toward non-cardiovascular causes, particularly among patients with HFpEF .26

The purpose of this study, using a population-based approach with robust, standardized
methods of MI and HF ascertainment, was to determine (1) the impact of HF complicating
MI on all-cause and cause-specific mortality; (2) whether these associations differ according
to EF and timing of HF onset after MI; and (3) changes over a 20-year study period
(1990-2010) in relative and absolute survival by HF status.

Methods
Study Design and Setting

This research was conducted in Olmsted County, Minnesota, a location ideally suited for
epidemiological studies because of its relative isolation from other urban centers and
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because comprehensive medical records from all sources of care for the local population are
indexed and linked via the Rochester Epidemiology Project.2” As virtually all Olmsted
County residents are represented in this system, this data source provides a nearly complete
enumeration of the source population for many decades.?8 Following approval as minimal
risk study by the Mayo Clinic and Olmsted Medical Center Institutional Review Boards, a
follow-up study was carried out utilizing the above-mentioned resources. All persons
included in the study provided authorization for use of their medical records for research.

Cohort Identification and Validation

Residents admitted to Olmsted County hospitals with possible MI from 1990 to 2010 were
identified using methods previously described.1® Briefly, all events with International
Classification of Diseases, 9t revision (ICD-9) code 410 (acute MI) were reviewed. In
addition, events with code 411 (other ischemic heart disease) were reviewed in a 50%
random sample until 1998, a 10% random sample from 1999 to 2002, and a 100% sample
from 2003 to 2010. Additional codes were not included because of their low yield.

MIs were validated using standard epidemiologic criteria.1® Patients diagnosed with MI
prior to 1990 were excluded so that only incident (first-ever) cases were included. The
diagnosis of MI was verified based on the presence of two of the following: cardiac pain,
elevated biomarkers, and electrocardiogram (ECG) changes. Biomarkers used in clinical
practice included creatine kinase (CK) and CK-MB until 2000 and troponin thereafter.
However, CK-MB was measured until the end of the period as part of a surveillance study.
Troponin T, CK, and CK-MB were measured with a sandwich electrochemiluminescence
immunoassay on the Elecsys 2010 (Roche Diagnostics Corp, Indianapolis, IN) in the
Laboratories of the Department of Medicine and Pathology at Mayo Clinic.

Main Exposure Measure

The primary exposure was incident HF. Participants were followed through March 2013
using their complete inpatient and outpatient medical records in the community from index
MI date to HF incidence, death, or the most recent clinical contact. Participants diagnosed
with HF by ICD-9 code 428 were identified. Abstractors then reviewed records to validate
HF using the Framingham criteria. These criteria require the presence of at least 2 major
criteria, or 1 major criterion in addition to 2 minor criteria, to confirm HF.2° This approach
was applied previously, showing minimal missing data and excellent inter-observer
agreement.30

The type of HF was defined according to echocardiographic measurement as HFrEF
(EF<50%) and HFpEF (EF=50%). EF was measured using an approach that was recently
described.3! The EF measurement that was closest to the HF diagnosis (applying a
predefined maximum period of 60 days) was recorded for each participant; the median (25",
75! percentile) time from EF measurement to HF was —1 (-2, 0) days and did not change
over the study period (p=0.07). The cutoff of 50% to define preserved/reduced EF was
selected according to the guidelines.32 Time of HF onset was classified as “early-onset” (<3
days after MI) and “delayed-onset” (>3 days), based on median length of hospital stay after
MI during the 2000s.
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Outcome Measures

The primary outcomes were time to all-cause and cause-specific death. Using the medical
record, follow-up began at the time of the index MI and continued through March 2013. In
addition to death noted in clinical care, the Mayo Clinic registration office records obituaries
and local death notices, and death data are obtained quarterly from the State of Minnesota
Department of Vital and Health Statistics. Information on the date of death and its
underlying cause was obtained, through which deaths were classified as cardiovascular
(ICD-9 390-459) and non-cardiovascular.33

Additional Clinical Data

The medical record was reviewed to ascertain cardiovascular risk factors, comorbidities, Ml
characteristics, and acute treatment variables at the index date or at the closest time before
hospital admission. Smoking was classified as current versus non-current smoking. Body
mass index (BMI, kg/m2;) was calculated using the current weight and earliest adult height.
Clinical definitions were used to assess hypertension, diabetes mellitus, and hyperlipidemia.
Overall comorbidity burden was assessed by the Charlson comorbidity index.3* The
Modification of Diet in Renal Disease equation was used to estimate glomerular filtration
rate, with less than 60 mL/min per 1.73 m? regarded as impaired renal function.3> Ml
presentation according to ST-segment-elevation, Q-wave and anterior location was
determined, as well as Killip class. The latter was assessed within 24 hours of the index Ml
and analyzed as a categorical variable (class >1 vs. class 1). Revascularization procedures
during the index hospitalization included coronary artery bypass grafting (CABG) and
percutaneous coronary intervention (PCI). Recurrent MI (occurrence and date) was recorded
on the basis of clinical diagnoses.

Statistical Analysis

Baseline characteristics, overall and by HF status during follow-up are presented as mean
and standard deviations for continuous variables and as frequencies for categorical variables.
Death rates with person-time denominators were calculated for HF and HF-free categories
and compared with Fisher’s exact test. Person-time at risk for the HF-free category was
accumulated from the index MI until HF diagnosis, death, or end of follow-up. For the HF
category, person-time at risk was accumulated from HF validation date until death or end of
follow-up. Cox proportional hazards models were constructed to estimate the HRs and 95%
confidence intervals (Cls) for all-cause, cardiovascular, and non-cardiovascular disease
mortality associated with HF. HF was modeled as a time-dependent variable, allowing
subjects to transfer from one exposure group to another during follow-up. Initial adjustment
was made for age (as a linear term) and sex (“base model”). Subsequently, Charlson
comorbidity index, Killip class, PCI, and recurrent M1 (modeled as a time-dependent
covariate) were further adjusted for (“multivariable-adjusted model”). The selection of
variables for the multivariable model was based on the percent change in the age- and sex-
adjusted regression coefficient for HF (regressed on time to death) upon inclusion of
individual candidate confounding variables, applying a 5% threshold.3¢: 37 Models were
repeated with HF defined according to type (HFrEF vs. HFpEF) and timing (early- vs.
delayed-onset HF), with the same set of covariates used to enhance comparability across
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analyses. The proportional hazards assumption was tested by examining the Schoenfeld
residuals (applying the cox.zph function in R), with no violations detected.

Temporal trends in the association between HF and mortality (overall and by cardiovascular/
non-cardiovascular causes) were assessed using Cox models, adjusting for the
aforementioned sets of covariates. Four groups were defined according to year of entry into
the cohort (1990-2000 vs. 2001-2010) and HF status (modeled as a time-dependent
variable). Both HR and absolute risk reduction estimates were calculated, with the direct
adjustment method used for the latter.

EF was missing in 19% of the cases, necessitating multiple imputations.3® Five datasets
were created with missing values replaced by imputed values based on a model
incorporating various demographic and clinical variables and an indicator for HF along with
the cumulative baseline hazard of HF approximated by the Nelson-Aalen estimator.3° The
results of these datasets were then combined using Rubin’s rules.3® Analyses were
performed using SAS statistical software, version 9.3 (SAS Institute Inc., Cary, North
Carolina) and R, version 2.14.0 (The R Foundation for Statistical Computing).
Heterogeneity tests for differences across strata*®: 41 were done with WINPEPI, version
11.23.42

Between January 1990 and December 2010, 2,943 residents of Olmsted County, MN, were
hospitalized with first MI, representing the entire experience of a community. Among these,
347 patients had a history of prior HF and were excluded leaving 2,596 participants in the
present study (mean age, 67 years; 60% men).

During a mean (SD) follow-up of 7.6 (5.8) years (19,814 person-years overall), 902 patients
developed HF (425 [47%] within 3 days; 563 [62%] HFrEF), 535 experienced a recurrent
MI (which occurred on the same day or preceded HF in 127 patients [14% of HF cases]),
and 1,116 died. A total of 477 patients developed delayed-onset HF (>3 days after Ml) at a
mean (SD) of 4.6 (5.0) years (median [25"-75t percentiles], 3.0 [0.2-7.7] years). The
proportion of HFrEF was 68% in early-onset HF and 58% in delayed-onset HF patients. The
incidence rate of HF per 100 person-years was 5.8 (9.0 when restricting follow-up to 5 years
post-Ml). The incidence rates per 100 person-years for HFrEF and HFpEF were 3.6 and 2.2,
respectively (5.8 and 3.2 when restricting follow-up to 5 years post-Ml, respectively).
Baseline characteristics of the patients at the time of the index MI by HF status and features
during follow-up are presented in Table 1. On average, patients who developed HF after Ml
were older and more likely to be female, hypertensive and diabetic. They also presented
with higher Killip class and more comorbidities, were more likely to have anterior Ml, and
less likely to undergo PCI compared with their HF-free counterparts. Among HF cases,
patients with HFrEF were more likely to be male; they also presented with more
comorbidities and were more likely to have anterior MI compared with patients with
HFpEF. Patients with early-onset HF presented with more comorbidities, higher Killip class
and were more likely to have anterior MI compared with patients with delayed-onset HF.
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More than half (=634, 57%) of the deaths during follow-up occurred among patients with
preceding HF. The incidence densities of mortality per 1,000 person-years were 150 and 31
among patients with and without HF, respectively (p<0.001). After adjusting for age and
sex, HF as a time-dependent variable was strongly associated with all-cause mortality
(HR=3.31; 95% CI: 2.93-3.75, compared with HF-free status). Mortality did not differ by
HF type (HR=3.45 for HFrEF vs. 3.07 for HFpEF, p for heterogeneity=0.31), but was
substantially higher for delayed- than for early-onset HF (HR=4.02 vs. 2.81, respectively, p
for heterogeneity=0.001). Further adjustment for indicators of MI severity and comorbidity
burden, acute intervention, and recurrent MI moderately attenuated the HRs (2.49 overall;
2.55 for HFrEF vs. 2.37 for HFpEF [p for heterogeneity=0.56]; 2.93 for delayed-onset vs.
2.03 for early-onset HF [p for heterogeneity=0.002]) (Table 2). Approximately 50% of the
deaths were ascribed to cardiovascular causes (541 of a total of 1,075 deaths classified). The
HF-mortality association was stronger for cardiovascular than for non-cardiovascular
causes. Patterns seen in the associations between HF type and between HF timing were
similar to those observed for all-cause mortality (Table 2).

Changes in patient characteristics and acute management occurred between 1990-2000 and
2001-2010 including lower Killip class, more comorbidities, and greater utilization of
reperfusion/revascularization therapy. Among HF cases, patients in the more recent era were
older and had a worse cardiovascular profile, but were more likely to undergo PCI than HF
patients in the earlier era (Table 3). The risk of recurrent MI during follow-up declined, as
did the risk of incident HF (both p<0.001 from the log-rank test). The incidence rates of HF
per 100 person-years (truncating follow-up at 5 years) were 10.2 in 1990-2000 and 7.9 in
2001-2010 (p=0.001). Among HF patients, the proportion of HFrEF decreased, whereas the
median time from index MI to HF diagnosis remained unchanged (Table 3). A summary of
deaths within 2 years after the Ml stratified by HF status and time period, overall and by HF
type and timing, is provided in Table 4. To include all follow-up on patients and account for
censoring, age- and sex-adjusted survival estimates were calculated for the two time periods
and compared. The age- and sex-adjusted 5-year survival estimates (95% Cls) in 2001-2010
vs. 1990-2000 were 82% (80-84%) and 81% (79-83%) among HF-free subjects, compared
with 61% (57-64%) and 54% (51-57%) among incident HF patients, respectively (p for
heterogeneity in trends=0.05) (Figure 1). This translates into an absolute risk reduction
estimate from 1990-2000 to 2001-2010 of 1.3 deaths per 100 patients (95% CI: —1.5-4.2) for
HF-free subjects compared with 6.5 deaths per 100 patients (95% ClI: 2.1-10.9) for HF
cases, adjusted for age and sex. Further adjustment for Charlson comorbidity index, Killip
class, PCI, and recurrent MI (modeled as a time-dependent covariate) did not appreciably
change the results. In relative terms, the age- and sex-adjusted HR for mortality in
2001-2010 vs. 1990-2000 was 0.77 (95% CI: 0.65-0.92). Multivariable-adjusted all-cause
and cause-specific mortality HRs according to index MI period and HF status are shown in
Figure 2. A temporal decline in all-cause mortality risk was evident after HF, whereas no
reduction was observed among HF-free subjects. The improved survival after HF was
primarily attributable to cardiovascular causes. For HF-free subjects, improvement over time
in cardiovascular survival was offset by greater mortality risk from non-cardiovascular
causes. The proportion of HFrEF out of all HF cases decreased between 1990-2000 and
2001-2010 (67% to 56%, p=0.001). A temporal decline was observed for all-cause mortality

Circ Heart Fail. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gerber et al. Page 7
in patients with HFpEF, driven by a 50% reduction in cardiovascular mortality. No
statistically significant reduction was observed in mortality for patients with HFrEF.
Regarding trends by timing of HF onset, the proportion of early-onset HF out of all HF cases
diagnosed within 5 years after Ml did not change between 1990-2000 and 2001-2010 (58%
and 59%, respectively, p=0.99). Similarly, among delayed-onset HF cases diagnosed within
5 years after Ml, no significant differences in the time from index M1 to HF diagnosis were
detected (mean [SD], 522 [621] vs. 455 [555] days in 1990-2000 and 2001-2010,
respectively, p=0.33). There was a substantial decline over calendar year in all-cause
mortality associated with early-onset HF (HR=0.63; 95% CI: 0.50-0.81, adjusted for age,
sex, Charlson comorbidity index, Killip class, PCI, and recurrent MI), whereas no decline
was evident for delayed-onset HF (HR=1.02; 95% CI: 0.79-1.31). The temporal decline in
mortality in patients with early-onset HF was primarily attributable to a reduction in
cardiovascular mortality (adjusted HR=0.58; 95% CI: 0.42-0.80), whereas less of a
reduction was observed in non-cardiovascular mortality (adjusted HR=0.71; 95% ClI:
0.49-1.02). For all temporal trends analyses, similar trends were observed with year of index
MI modeled as a continuous variable, indicating a linear temporal trend.

Discussion

Summary of Findings

This population-based cohort study provides contemporary quantification of the survival
impact of HF complicating MI. After MI, HF strongly increases the risk of all-cause death,
cardiovascular death and non-cardiovascular death independently of key confounders
including MI severity, comorbidity, and acute treatment. Patients with HFrEF and HFpEF
share a similar prognosis, whereas HF developing more than 3 days after MI confers a worse
prognosis than HF occurring concurrently with the index Ml or shortly after.

Using data spanning over 20 years we demonstrated herein, with strong evidence, an
improvement in survival after MI. Nevertheless, survival varied considerably by HF status.
From 1990-2000 to 2001-2010, the adjusted absolute risk reduction estimates (fewer deaths
per 100 patients) at 5 years of follow-up were 7 and 1 in MI patients with and without HF,
respectively. Among the latter group, some improvement over time in cardiovascular
survival was offset by a greater risk of non-cardiovascular death, resulting in an overall
plateau. In contrast, a sizable decline was evident among patients with HF, primarily due to
a large decrease in the risk of cardiovascular death. Over time, the proportion of HFpEF
increased, with its prognosis improving more clearly than that of HFrEF. The mortality
trends diverged markedly between early-onset and delayed-onset HF, with a considerable
decline in the former category and none in the latter.

Interpretation of Study Findings

A number of studies have shown an association between HF complicating MI and
mortality.? 8-16.23 yet, because many of these studies were based on cohorts assembled
during the 1980s and 1990s,4 8 9. 12,13, 15, 16 the relevance of their findings to contemporary
practice is questionable. Indeed, remarkable changes were documented during the past
decades in the epidemiology and management of MI that dramatically affected clinical

Circ Heart Fail. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gerber et al.

Page 8

presentation, treatment, and outcomes.19: 20. 22 These advances probably had a beneficial
impact on the incidence of HF and deaths attributable to HF complicating MI.11 Moreover,
the increasing use of more sensitive biomarkers has resulted in detection of smaller

MlIs, 19 22 [ikely contributing to reduced risk of subsequent HF3: 43 and potentially to
decreased severity of HF and improved prognosis.t! In a previous study of the cohort
analyzed herein,3 we observed a notable decline in the incidence of HF after first Ml
between 1990 and 2010. Stratified by type, this decline was limited to HFrEF, with no
detectable change in the rate of HFpEF, resulting in a change in the case mix of HF.
Stratified by timing of occurrence, a decline in incidence was shown in both early-onset and
delayed-onset HF, with temporal changes in MI presentation and acute management
affecting mostly the former patient group. To this end, however, no change in the survival
impact of HF after M1 was observed during the 1980s and 1990s,16: 17 whereas mixed trends
were reported between 1998 and 2010 in a study involving Medicare beneficiaries.?3 Yet,
the latter study did not distinguish incident from prevalent HF cases and, like many other
recent studies on this topic,* 10: 11. 14 ysed administrative data and did not apply
standardized methods of MI and HF ascertainment. As such, its data may have uncertain
validity due to evolving coding practices** 45 and incomplete capture of HF cases because
of the shift of care toward outpatient settings (which typically involve less severe cases).4

The present study demonstrates a strong association between HF after M1 and mortality, but
also suggests a decline in this association from 1990-2010. Moreover, HF after MI was also
associated with non-cardiovascular death over the entire study period. The precise
mechanism for the latter association is yet to be determined, but may involve frailty, an age-
related syndrome of increasing vulnerability and decreasing resistance to stressors, which
was shown to be both overrepresented in HF patients and predictive of death 47. It was
previously proposed that HF after M1 not only increases mortality, but also augments the
associated risk of other prognostic factors such as cancer, diabetes mellitus, and chronic
renal failure.? Interestingly, we have recently linked incident HF to subsequent cancer risk in
a prospective cohort of patients with M1.48 Regardless of the mechanisms involved in the
latter association, an increasing body of evidence supports the concept of HF as a sentinel
condition which might reflect end-stage chronic diseases.* Indeed, the present report, which
is in line with previous findings,% 11 shows that most deaths among MI patients occur in the
context of a preceding HF. Importantly, we found the survival gains over the past two
decades to be primarily attributable to HF cases, compared with no major change in HF-free
MI survival. This extends the findings of McManus et al.,1> examining in-hospital survival
after MI. The improved survival of patients with HFpEF over the study period is intriguing
considering the lack of specific effective treatment for this syndrome. This raises the
question about the relative importance of secondary prevention versus therapy of HF. In this
context, a recent Scandinavian study suggested that an observed temporal improvement in
short-term survival of post-MI HF patients was only partly attributable to changes in
interventional and pharmacological treatment.4®

One can argue that earlier detection of HF, resulting perhaps from increased awareness, may
result in the appearance of prolonged survival, akin to “lead time bias”. This is an unlikely
explanation, however, for the diverging temporal trends in the survival of patients with and
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without HF, as most cases of HF are diagnosed soon after MI,3: 11 and the proportion of
patients with early-onset HF did not change over the study period as reported herein.

The categorization of “early” vs. “delayed” HF is by necessity arbitrary and the
Framingham criteria were designed to evaluate HF in a chronic situation. The time
difference between the echocardiogram and the clinical diagnosis could impact the
categorization of the type of HF. Hence, we cannot exclude some degree of misclassification
of the diagnosis or categorization of HF. However, there was no statistically significant
difference for the time from EF measurement to HF over the study period such that it is
unlikely that misclassification would be differential over time. As our study focuses on
secular trends, it is unlikely that such putative misclassification would bias our results.

The reasons for the divergence in mortality trends in patients with early-onset and delayed-
onset HF are yet to be determined and may include greater treatment opportunities for HF
developing in direct relation to the MI. Different mechanisms according to HF timing are
also important in this regard. Conceptually, early-onset HF following MI reflects extensive
myocardial damage and is thus related to infarct characteristics including location and size,
and time to reperfusion. In contrast, delayed -onset HF has been linked to other mechanisms
such as progressive remodeling, recurrent M, and subclinical ischemia.® As most patients
with incident HF in this cohort did not experience a recurrent MI, remodeling is more likely
to play a role as the underlying mechanism of delayed -onset HF.

After MI, it is often assumed that systolic dysfunction is the typical HF presentation.’
Nonetheless, we have recently shown a temporal change in the case mix of HF after M,
with an increasing proportion of HfpEF.2 The worse survival associated with HFrEF
compared with HFpEF after MI10: 12 could be hypothesized to attenuate the strength of an
association between HF after MI and mortality over time. However, herein, the prognosis of
HFrEF and HFpEF was similar and, unlike previous reports, EF measurements were not
limited to those obtained at the index Ml date.

Limitations and Strengths

Some limitations should be acknowledged in interpreting these data. These results emanate
from a single community and thus may not be applicable to other populations. Yet,
comparisons of previous population-based studies of various chronic diseases in Olmsted
County with those from other communities in the United States indicate the results for the
population of this area can be extrapolated to a large part of the population of the country.%0
While HF was validated with the use of Framingham criteria, no data were available on its
severity. Also, it is possible that heightened surveillance during the index MI hospitalization
could contribute to a higher diagnosis rate of HF during this time. Echocardiograms were
missing in 19% of the HF cases, necessitating the use of multiple imputations in the analysis
of HF type. The lack of routine data on prognostic factors and interventions at the time of
HF, and on secondary prevention measures afterwards, precludes assessment of the relative
importance of secondary prevention versus therapy in HF survival. Changes in clinical
practice, healthcare policy and recording of relevant variables over time should be
considered when interpreting the results of secular trend analyses.
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This study has several strengths. Community-wide studies, which monitor population trends
in disease incidence and outcomes, are well-suited to evaluate the prognostic impact of HF
after MI. Their data are more generalizable to the broader spectrum of patients seen in day-
to-day practice and provide a representative and contemporary picture of the natural history
of this clinical syndrome. The comprehensive population-based approach provided by the
Rochester Epidemiology Project, along with a rigorous ascertainment of incident Ml and the
access to complete inpatient and outpatient data in the process of HF validation, offers a
unique opportunity to conduct robust surveillance. This surveillance system enables capture
of long-term nonfatal clinical events that occur after the initial hospitalization, a distinctive
strength that allows the integration of intercurrent clinical events after Ml in the prediction
of death, which has important implications for risk stratification. Echocardiographic data
were routinely obtained allowing the analysis of HFrEF and HFpEF, a crucial element in
understanding the contemporary burden of HF complicating M.

Conclusions and Implications

HF developing after Ml is a strong risk factor for all-cause, cardiovascular, and non-
cardiovascular mortality. While this finding, based on more contemporary data, supports
earlier reports, our data further document and quantify the association and identify more
vulnerable subgroups and specific times of higher risk. Furthermore, these data demonstrate
important secular trends. The magnitude of the excess risk attributable to HF is similar
between HFrEF and HFpEF but greater for delayed -onset than for early-onset HF. Mortality
after MI declined over the past two decades, primarily as a result of improved HF survival.
However, the survival benefit was limited to early-onset HF. As most deaths after Ml still
occur in patients who developed HF, future survival gains will likely be achieved through
improved treatment strategies among MI patients at risk for HF, specifically enhanced
secondary prevention. Such efforts should be deployed to target delayed -onset HF, for
which no improvement in prognosis was evident.
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Clinical Perspective

Major changes in the epidemiology of MI have taken place over the last decades and
have likely influenced the already complex and multifaceted association between heart
failure (HF) after myocardial infarction (MI) and mortality. However, contemporary data
on the prognostic importance of HF after Ml are lacking. In this population-based cohort
of patients with a first-ever MI from 1990-2010, we found that HF was strongly
associated with mortality, particularly from cardiovascular causes. This excess risk is
similar regardless of EF but greater for late- vs. early-onset HF. Mortality after Ml
declined over time, primarily as a result of improved HF survival. There are important
clinical implications of these data. As most deaths after MI occur in patients who develop
HF, future survival gains will most likely be achieved through improved treatment
strategies among M1 patients at risk for HF. Such efforts should be deployed to target
late-onset HF, for which no improvement in prognosis was evident. Furthermore, these
data demonstrate important secular trends.
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Figure 1.
Temporal trends in age- and sex-adjusted survival by HF status after MI. Using the direct

adjustment method, the figure describes survival during 5 years of follow-up across 4
categories: HF-free, 1990-2000; HF-free, 2001-2010; HF, 1990-2000; and HF, 2001-2010.
HF was modeled as a time-dependent variable with the counting process approach.
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Page 16

Temporal trends in adjusted survival (overall and by cardiovascular and non-cardiovascular
causes) by HF status after MI and by type of HF (HFpEF vs. HFrEF). Results are presented
as HR (95% CI). Models were adjusted for age, sex, Charlson comorbidity index, Killip
class, percutaneous coronary intervention, and recurrent M1 (modeled as a time-dependent

covariate).
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