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Abstract

Background—Community trends of acute decompensated heart failure (ADHF) in diverse 

populations may differ by race and sex.

Methods—The Atherosclerosis Risk in Communities (ARIC) Study sampled heart failure related 

hospitalizations (age ≥55 years) in four US communities from 2005-2014 using ICD-9-CM codes. 

ADHF hospitalizations were validated by standardized physician review and computer algorithm, 

yielding 40,173 events after accounting for sampling design (unweighted n=8746).

Results—Of the ADHF hospitalizations, 50% had reduced ejection fraction (HFrEF), 39% had 

preserved EF (HFpEF). HFrEF was more common in black men and white men, whereas HFpEF 

was most common in white women. Average age-adjusted rates of ADHF was highest in blacks 

(38.1 per 1000 black men, 30.5 per 1000 black women), with rates differing by HF type and sex. 

ADHF rates increased over the 10 years (average annual percent change, AAPC: black women 

+4.3%, black men +3.7%, white women +1.9%, white men +2.6%), mostly reflecting more acute 
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HFpEF. Age-adjusted 28-day and 1-year case fatality proportions were approximately 10% and 

30%, respectively, similar across race-sex groups and HF types. Only blacks showed decreased 1-

year mortality over time (AAPC: black women −5.4%, black men −4.6%), with rates differing by 

HF type (AAPC: black women HFpEF −7.1%, black men HFrEF −4.7%).

Conclusions—Between 2005-2014, trends in ADHF hospitalizations increased in four US 

communities, primarily driven acute HFpEF. Survival at one year was poor regardless of EF, but 

improved over time for black women and black men.
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BACKGROUND

Understanding population-based trends in heart failure (HF) incidence and survival is 

important for planning and evaluating prevention and treatment strategies. The Institute of 

Medicine emphasized the importance of monitoring the cardiovascular health of the country 

and the value of timely, high-quality, population-based data on the incidence of heart disease 

and their risk factors1, 2. HF was estimated to affect 5.7 million American adults in 2012, 

with 915,000 incident cases3. Its prevalence is expected to rise to 8.4 million by 20304.

A recent population-based study in Olmsted County, MN suggested that the incidence of HF 

declined from 2000 to 2010, with HF with reduced ejection fraction (HFrEF) declining at a 

faster rate than HF with preserved ejection fraction (HFpEF)5. While HF survival has 

improved compared to >25 years ago6, median survival remains at approximately 5 years5, 7. 

Higher mortality was seen among those with HFrEF compared to HFpEF and among men 

compared to women8. However, these trends in HF incidence and survival were observed in 

homogenous populations comprised of >90% Caucasian Americans in a single US 

community, and included outpatient and chronic stable cases. Separating acute from chronic 

HF in more diverse US communities would enhance our understanding of trends of HF and 

its burden in the general population.

The Atherosclerosis Risk in Communities (ARIC) Study was the first to differentiate 

hospitalization rates of acute decompensated HF (ADHF) from chronic stable HF in a 

biracial community-based population9. We present here the 10-year trends of validated first 

and recurrent ADHF hospitalizations and case fatality from four U.S. communities.

METHODS

The data and study materials are available to other researchers for the purposes of 

reproducing the results, subject to completion of a data use agreement10.
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Study Population

Beginning in 2005, the ARIC Study conducted continuous and comprehensive surveillance 

of hospitalized HF events for residents age ≥55 years in four US communities: Forsyth 

County, NC; Jackson, MS; Minneapolis suburbs, MN; and Washington County, MD. 

Because of small numbers, blacks in Minneapolis and Washington County and persons 

reported to be neither black nor white were excluded from these analyses. The population of 

eligible blacks and whites age 55 and older in the four communities was 225,395 persons in 

2014 (56% women, 21% black).

Hospital Surveillance, Case Ascertainment and Event Classification

Methods of event ascertainment and classification have been described previously11. Briefly, 

a stratified random sample of eligible hospitalizations for HF in 2005-2014 was selected 

based on three criteria: (1) International Classification of Diseases, 9th Revision, Clinical 

Modification (ICD-9-CM) discharge diagnosis codes for HF or HF-related condition 

(398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91, 404.93, 415.0, 

416.9, 425.4, 428.×, 518.4, 786.0×) in any position; (2) age ≥55 years at the time of hospital 

discharge; and (3) home address within boundaries of the ARIC communities. The sampling 

varied by ICD-9-CM discharge codes (428 and non-428), field center, sex, and race (by race 

in Forsyth County and Jackson only) to achieve similar standard errors across these 

groups12. Of note, unlike the cohort component of the ARIC Study, ARIC Study 

Community Surveillance samples hospitalizations across the 22 hospitals in the ARIC 

communities and cannot follow a specific patient to link the current with a past 

hospitalization, including past hospitalizations outside of these ARIC Study hospitals.

Medical records of eligible hospitalizations (unweighted n=23,410) were abstracted by 

trained abstractors if there was any evidence of decompensation or new onset of HF 

symptoms or any mention by a physician that HF was the reason for hospitalization. 

Abstracted cases (unweighted n=22,394) were independently classified by computer 

algorithm and/or 1-2 physicians of the ARIC Mortality and Morbidity Classification 

Committee (MMCC) into one of five categories11: definite ADHF, possible ADHF, chronic 

stable HF, HF unlikely, or unclassifiable. Disagreements were adjudicated by the chair of the 

MMCC (board certified HF specialist). Definite or possible ADHF required evidence either 

from symptoms, signs, imaging or treatment of an acute exacerbation, worsening or new 

onset of symptoms or other decompensated circulatory state. For the purpose of this report, 

definite and possible ADHF were combined. When available, imaging reports of LVEF 

within two years of the current hospitalization were abstracted; history of prior HF diagnosis 

and comorbidities was obtained from the index hospitalization. ADHF events were further 

classified as HFrEF (current [within 3 months or less of hospitalization] or most recent left 

ventricular ejection fraction [LVEF] less than 50%), HFpEF (all recorded LVEF 50% or 

greater), or HF with unknown LVEF (UHF). Patients with recovered HFrEF (subsequent 

LVEF ≥50%) or unknown LVEF (UHF) were excluded from analysis specific to HF type 

(HFrEF versus HFpEF) and trends, because of relatively small numbers (3.0% and 8.9% of 

all ADHF cases, respectively) and because the recovered HFrEF group is considered 

physiologically different from chronic HFrEF and HFpEF.
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The focus of the ARIC Study has been to identify HF events that become serious enough to 

require hospitalization, and among these we look for “first hospitalizations” as a proxy for 

incident cases9, as we have done for other cardiovascular diseases13. Vital status within one 

year after admission was determined by linkage with the National Death Index. Institutional 

review boards approved the study protocol at all participating hospitals in the ARIC 

communities (no informed consent was required).

Statistical Analysis

After excluding non-ADHF hospitalizations (unweighted n=6202), a small number of non-

black minorities (n=225), and blacks in two predominately white communities (Minneapolis 

and Washington County; n=168), the final sample included 8,746 (weighted n=40,173) 

validated ADHF hospitalizations for the years 2005-2014 (Figure 1). Supplemental Table 1 

lists the number of eligible hospitalizations and ADHF events per year, stratified by first and 

recurrent hospitalized events. Inter- and post-censal sex- and race-specific population 

estimates for each study community were computed for 2005-2014 by interpolations or 

extrapolations from the 2000 and 2010 U.S. censuses. For example, in 2014, there were 

27104 black women, 98441 white women, 19304 black men and 80546 white men age 55 

years and older in these four communities; and the number of hospitalized ADHF occurring 

among these populations in 2014 were 6419, 14615, 5400, and 13738, respectively.

To account for the sampling design, all analyses were conducted using survey procedures 

and weighted by the inverse of the sampling probabilities. Differences by race and sex in 

probability of a hospitalization being first or in probability of HFrEF/HFpEF were tested 

using Wald tests based on logistic regression models. Sex and race-specific annual event 

rates per 1000 persons were computed based on population inter- and post-censal estimate 

denominators and adjusted for age by the direct method using the 2000 U.S. population 

estimates as the standard. Annual 28‐day and 365‐day (one‐year) case fatality percentages 

were computed based on denominators of those who were hospitalized with ADHF in the 

ARIC population and adjusted for age by the direct method using the ARIC combined 

hospitalized ADHF events as the standard. Case fatality analysis was available for all HF 

events hospitalized from 2005 through 2014 through National Death Index linkage data. 

Age‐adjusted trends are reported as average annual percent change (AAPC) by race and sex, 

using Poisson regression for first and recurrent hospitalization rates and using logistic 

regression for case fatality. Null hypotheses of no difference in the trends by race and sex 

were tested using Wald tests of the coefficients of interactions between main effects in these 

models.

All data analysis was performed using SAS version 9.1.3 (SAS Institute, Cary, North 

Carolina) or SUDAAN release 9.0.

RESULTS

Of the 40,173 validated hospitalized ADHF events from 2005 through 2014 in those age ≥55 

years, 20,015 (50%) were HFrEF, 15,535 (39%) were HFpEF, 1,154 (2.9%) were recovered 

HFrEF (subsequent LVEF ≥50%), and 3,468 (8.6%) were HF with unknown LVEF (UHF) 

(Table 1). Approximately two-thirds (65%) of hospitalized ADHF events occurred in 

Chang et al. Page 4

Circulation. Author manuscript; available in PMC 2019 July 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



persons with no history of hospitalized HF, although 51% had a previous diagnosis of HF 

(without hospitalization). The percent of ADHF events that were first events was smaller 

among blacks (54%) as compared to whites (69%, p<0.0001), and among men (63%) 

compared to women (67%, p=0.0002). The proportion of ADHF events that were HFrEF 

was higher in men. Among first hospitalized ADHF, the distribution of HFrEF was 61% in 

black men, 53% in white men, 42% in black women, and 33% in white women. While there 

was no interaction between race and sex (p=0.24), first hospitalized events were more likely 

to be HFrEF in men (p<0.0001) and in blacks (p<0.0001). Recurrent hospitalized ADHF 

events were more commonly for HFrEF for all race-sex groups. Similarly, there was no 

interaction between race and sex (p=0.40), and recurrent events were more likely to be 

HFrEF in men (p<0.0001) and in blacks (p=0. 0007).

For those with first hospitalized ADHF, black patients compared to whites were younger, 

had fewer cardiac comorbidities (including prevalent coronary heart disease [CHD], 

myocardial infarction history, and atrial arrhythmias), but had more hypertension, diabetes 

and chronic kidney disease. Signs and symptoms of ADHF presentation were similar across 

all race-sex groups, with dyspnea and edema as the most common. Similar patterns of 

demographic and clinical characteristics were observed for those with recurrent ADHF 

hospitalizations.

Temporal trends in ADHF hospitalizations

Table 2 shows the age-adjusted average annual event rates of ADHF hospitalizations and 

average annual percentage changes (AAPC) by race-sex group, HF type, and HF history 

(first vs. recurrent). The highest event rates were in black men followed by black women, 

white men, and white women. ADHF rates increased over the 10 years (average annual 

percent change, AAPC: black women +4.3%, black men +3.7%, white women +1.9%, white 

men +2.6%), mostly reflecting more acute HFpEF. When stratified by HF type and HF 

history, the average annual rate of first hospitalized HFpEF was higher in blacks than in 

whites, and the average annual rate of first hospitalized HFrEF was higher in blacks than in 

whites.

Rates of first hospitalized ADHF increased each year for each race-sex group. The AAPC in 

the rates of all first ADHF hospitalizations was similar among all race-sex groups shown, 

ranging from an average 6.3% increase per year in black women to 1.8% in white women. 

Figure 2 depicts the age-adjusted first hospitalization rates per year by HF type and race-sex 

group. The increase in the rate of first hospitalized ADHF mostly reflected the increase in 

rates of HFpEF in each race-sex group over the 10-year time period. The age-adjusted 

average annual increases in first hospitalized HFpEF were at higher magnitude compared to 

the AAPC of all first hospitalized ADHF, with black women having the highest rise (an 

average 10.0% per year).

Changes in HFrEF rates were modest but showed different race-sex patterns. White men 

were the only race-sex group to have a rising rate of first hospitalized HFrEF. Changes in 

rates of first HFrEF were not statistically significant for blacks and white women.
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Recurrent ADHF rates showed similar patterns as first ADHF hospitalizations, with blacks 

having higher average rates of recurrent ADHF hospitalizations regardless of HF type (Table 

2). But the age-adjusted average annual increase in recurrent events was only statistically 

significant for women with HFpEF and black men with HFrEF.

Case Fatality

Table 3 displays the age-adjusted average annual 28-day and 1-year case fatality proportions 

by race-sex group, HF type, and HF history. For all ADHF hospitalizations, only blacks 

showed decreased 1-year mortality over time (AAPC: black women −5.4%, black men 

−4.6%), with rates differing by HF type (AAPC: black women HFpEF −7.1%, black men 

HFrEF −4.7%). For those with a first time hospitalization for ADHF, the age-adjusted 

average annual 28-day and 1-year case fatality proportions were higher among whites 

compared to blacks aggregated across HF type (p=0.02 and p=0.003, respectively) (Table 3). 

Figure 3 demonstrates the age-adjusted 1-year case fatality per year by HF type and race-sex 

group. In general, case fatality after a first ADHF hospitalization showed modest changes 

from 2005 through 2014, although 1-year case fatality significantly decreased by an average 

of 4.7% per year in black women. Among those with HFpEF, whites had higher 28-day and 

1-year case fatality compared to blacks (p=0.01 and p=0.009, respectively). Changes in age-

adjusted 28-day case fatality were not statistically significant for any race-sex group (Table 3 

and Supplemental Figure 1).

For patients with recurrent hospitalized ADHF, the average annual case fatality appeared 

higher in men than women (Table 3), but these sex-based differences were generally not 

statistically different. One-year mortality rates decreased by approximately 6% per year for 

both black women and black men over the 10 years, particularly black men with HFrEF.

Sensitivity analysis

The trends in HF incidence were sensitive to the definition of first hospitalization for ADHF. 

Sensitivity analyses were performed with first ADHF redefined more broadly as those with 

no history of HF diagnosis (regardless of presence of a hospitalization); this shifted the 

majority of hospitalized cases to recurrent ADHF. Demographic and clinical characteristics 

were similar to the population classified as an event with no previous hospitalization for HF 

(Supplemental Table 2). As expected, event rates were similarly shifted with significant 

trends seen primarily in the recurrent ADHF cases (Table 4 and Figure 4), and case fatality 

rates changed modestly for both first and recurrent ADHF cases, with at most a 5% absolute 

decrease in estimates (Table 5). Trends in 1-year case fatality were similar (decreases over 

time for black women with first ADHF, and both black women and black men with recurrent 

ADHF); however, 1-year case fatality increased over time for white women with first HFrEF 

(Table 5). These different trends in event rates and case fatality likely reflect differences in 

case-mix of ADHF created by changing the definition of a first event.

To enhance comparability with other community population studies (e.g., Olmsted 

County5,8), we defined HFrEF as EF as <50% since the beginning of ARIC HF Community 

Surveillance in 2005. Using other cut-points such as EF ≤40 or ≤45% resulted in higher 
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event rates for HFpEF and lower event rates for HFrEF as expected, but did not substantially 

alter the trends observed using the original EF cut-point (Supplemental Table 3).

DISCUSSION

From 2005 to 2014, in the biracial ARIC Study communities, the average age-adjusted rates 

of first hospitalized HF were higher in blacks, with differences seen by HF type and sex. 

Over these 10 years, the rates of all first hospitalizations for ADHF increased in all race-sex 

subgroups, most notably for HFpEF. While the rate of first hospitalization for acute HFrEF 

was higher in black men, a significant, but modest, rise in first hospitalized acute HFrEF rate 

was seen in only white men; women and black men showed no statistically significant 

changes in HFrEF trends.

Reasons for the observed differences over time by sex, race and HF type may be related to 

temporal trends in coding hospital discharges and using biomarkers such as B-type 

natriuretic peptide for diagnosing HF. Whether increased recognition of HFpEF contributes 

to an increase in HFpEF diagnosis and thus its incidence is unknown. However, differences 

by race and sex may be related to different trends in comorbidities or etiologies of HF. For 

example, the incidence of acute myocardial infarction and rates of CHD deaths are 

decreasing14, 15; perhaps this trend may explain why there is no significant change in HFrEF 

incidence over time, since CHD is associated more with HFrEF than HFpEF. Common 

comorbidities related to HFpEF are on the rise and include atrial fibrillation16, hypertension, 

obesity, and diabetes17. There are well-recognized race and sex differences for these known 

risk factors for HF and other cardiovascular diseases; e.g., blacks have a higher prevalence 

of hypertension than whites, and black women have a higher prevalence of obesity compared 

to white women3. Black patients in the ARIC communities were more likely to have chronic 

kidney disease; but whether chronic kidney contributes to more ADHF is controversial18. 

Further investigation is needed to determine whether a specific comorbidity, compared to 

another, is more associated with first hospitalization for ADHF.

We report trends in the ARIC Study communities that are in contrast to the findings in other 

populations, where the incidence of heart failure among all ages declined in Olmsted 

County, MN, from 2000 to 20105, in the Clinical Practice Research Datalink (CPRD) cohort 

in the United Kingdom from 2002 to 201419, and in Medicare beneficiaries from 1994 to 

200320 and 2002 to 201321, respectively. However, the trends in the ARIC communities are 

similar to older reports from Olmsted County (1987-2001)8 and recent preliminary findings 

in the Framingham cohort for which HFpEF incidence increased over 19 years22. The 

recurrent HF hospitalization trends in the ARIC Study are also in contrast to the 10-year 

trends seen in the Medicare population and in the National Inpatient Sample, which included 

both incident and recurrent hospitalizations and showed a decline in all HF hospitalization 

from 1998 to 2008 and from 2002 to 2013, respectively, with blacks having higher HF 

hospitalization rates than whites23, 24. The heterogeneity of findings across studies likely 

reflects differences in population demographics and definitions of HF. Notably, our ARIC 

community surveillance study population was restricted to white and black residents age ≥55 

years, and our definition of HF incidence is based on first decompensation leading to 

hospitalization and did not include outpatient cases. The Olmsted County population sample 
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and Framingham cohort are relatively homogenous with >90% of participants of white race/

ethnicity, include both outpatient and inpatient HF cases (identified by ICD-9 codes and 

validated using the Framingham Study HF criteria), and did not differentiate between acute 

and chronic stable HF. The Framingham Study used a LVEF 45% cutoff to define HFpEF25; 

thus more HFpEF and less HFrEF were classified in their analyses. The U.K. CPRD cohort 

was also >95% white19. The Medicare population is restricted to age 65 years and older, 

whereas over 20% of the black population in the ARIC communities were age 55-64 years. 

HF cases in the National Inpatient Sample, the Medicare populations, and the U.K CPRD 

sample were classified using administrative claims data based on inpatient and/or outpatient 

ICD-9-CM or ICD-10 codes, defining incident HF as the initial HF hospitalization within 

the specified time period, and did not involve case adjudication. Of note, our previous 

reports suggest that HF hospitalization identified solely by ICD-9 codes may not accurately 

estimate the rates of ADHF9, missing up to 50% of cases26.

Despite the rise in the rate of first hospitalization for ADHF, especially for HFpEF, there 

were no consistent or significant changes in 28-day mortality after hospital discharge from 

2005 to 2014, regardless of LVEF or HF type, or history of hospitalized HF. However, 1-

year mortality decreased over the ten years, by 5-7% per year, in black women with first 

hospitalized ADHF and recurrent hospitalized ADHF, and in black men with recurrent 

ADHF. Yet, 1-year survival was similar for HFpEF and HFrEF for most race-sex groups 

regardless of history of hospitalized HF (except for black men with recurrent HFrEF whose 

1–year mortality decreased 5.8% per year). This minimal change in survival by HF type is in 

contrast to reports from Olmsted County where the survival is better for HFpEF than 

HFrEF5, 8, and the trends where HF type was not specified15, 27. Our unique results may be 

related to the more diverse, biracial population of the ARIC population. Lower age-adjusted 

case fatality rates were observed in blacks in each sex group (particularly among blacks with 

HFpEF), despite higher first hospitalization rates of ADHF rates compared to whites. A 

similar racial difference was seen in the HFpEF cohort of the Get With The Guidelines-

Heart Failure registry (linked to the Centers for Medicare & Medicaid Services 

administrative data) between 2006 and 201428. This racial difference may be related to 

younger age of HF onset in blacks and incomplete adjustment for other related factors.

Moreover, it is notable that the average age-adjusted 1-year mortality rates for first 

hospitalized ADHF, regardless of HF type, is approximately 30% for all race-sex groups, 

which is higher than estimates of approximately 20% based on populations from the 

Framingham Heart Study3 and Olmsted County5 (which included outpatient, presumably 

milder cases), but similar to estimates based on all acute HF hospitalizations from the 

Worchester Heart Failure Study27 and the Medicare population15. Particular to the ARIC 

Study is the ability to differentiate recurrent ADHF hospitalizations, which were associated 

with modestly higher 1-year mortality rates compared to first hospitalized cases, with no 

significant change over time and no demonstrable differences by race-sex groups. Reasons 

for these higher 1-year mortality estimates for both first and recurrent hospitalized ADHF 

events in the ARIC communities are most likely related to the definition of our hospitalized 

HF cases, as only hospitalized cases that were considered acute and decompensated were 

included, which would reflect a sicker patient population. Moreover, compared to the 

Olmsted County sample5, this ARIC population was older and included more patients with 
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comorbidities such as CHD, hypertension, diabetes, and obesity. Evidence-based HF therapy 

may also be underprescribed in the ARIC communities (e.g., only 50% of HFrEF patients 

were on optimal medical therapy)29. Given the focus of providers, payors, and health care 

systems to decrease readmission rates for ADHF, seeing these survival trends in both first 

and recurrent hospitalized ADHF may translate to more attention on the medical 

management of hospitalized patients with HF.

Our study is not without limitations. A design limitation of community-wide, retrospective 

surveillance of hospitalizations that use survey sampling methods is that follow-up of 

individual patients beyond vital status is not routinely incorporated. Therefore details about 

the patient’s care beyond that sampled hospitalization are limited to only what is noted in the 

index hospital records, which may result in potential misclassification between “first” and 

“recurrent” ADHF hospitalizations. Because subsequent and prior hospitalizations cannot be 

linked to the index ADHF hospitalization, recurrent ADHF could have been misclassified in 

our study as a first hospitalization for ADHF. Furthermore, our definition of incident 

hospitalized HF is based on the lack of prior hospitalization for HF and includes patients 

with a prior diagnosis of HF (56%). Therefore, cases we classified as first hospitalized 

events may in fact include patients who experienced HF symptoms and received treatment 

outside the hospitalization setting. First hospitalization rates are also subject to 

misclassification bias with potential overestimation if prior HF hospitalizations were not 

noted in the abstracted medical records, especially in the early years before widespread use 

of electronic medical records. Therefore, these limitations could have led us to overestimate 

the rate of first hospitalization for ADHF. In a sensitivity analysis with an alternative 

definition of first ADHF, the pattern of increased event rates shifted from first to recurrent 

hospitalization for ADHF.

However, there is variation in the literature as to the optimal method for pinpointing the first 

onset of HF in population based studies. Since its inception, ARIC Community Surveillance 

has focused on identifying cardiovascular events that are serious enough to require 

hospitalization, as we have done for coronary heart disease since 198711. First 

hospitalization is a reasonable surrogate for HF incidence based on estimates from other 

studies. For example, most incident HF cases diagnosed in the outpatient setting in Olmsted 

County (74%) were hospitalized within 1.7±3.1 years of the diagnosis7.

Second, as with any observation study, this analysis was not powered to detect interactions 

between various subgroups (e.g., race-sex interaction by HF type). But we present the results 

stratified by race and sex and HF type, which would address potential significant subgroup 

interactions. Finally, the current study did not include outpatient HF events that did not 

eventually result in hospital admission. The goal and design of ARIC HF Community 

Surveillance was to assess the burden of hospitalized ADHF rather than the total burden of 

HF, which naturally restricts case identification. Nevertheless, the ARIC study has been the 

first to differentiate hospitalization rates of ADHF from chronic HF in a biracial community-

based population, focusing on acute HF in order to provide better estimates of trends of the 

HF burden in the general population.
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Other limitations of this study include that our study population originates from four U.S. 

communities, is restricted to those ≥55 years old, and therefore does not represent the total 

U.S. population. National trends will vary given the different proportions of different racial 

and ethnic groups across the country.

In summary, in this biracial population of four U.S. communities, trends in hospitalized 

ADHF from 2005 to 2014 differ by sex and race with an overall increase in first 

hospitalization events primarily due to HFpEF. Mortality rates from ADHF are higher than 

what has been previously reported in other U.S. population samples. The trends seen in this 

current study should be confirmed in other diverse population-based studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CLINICAL PERSPECTIVE

What’s New

• Ten-year rates and trends of hospitalized acute decompensated heart failure 

(ADHF) differ by race/sex and HF type (preserved versus reduced ejection 

fraction, HFpEF vs HFrEF) in the Atherosclerosis Risk in Communities 

(ARIC) Surveillance Study.

• Acute HFrEF was more common in black men and white men; acute HFpEF 

was most common in white women.

• Rates of hospitalized ADHF increased over time, with higher rates in blacks 

and rising cases of HFpEF.

• Mortality rates were ~30% at 1 year, with a more pronounced decrease over 

time in blacks, but generally did not differ by HF type.

Clinical Implications

• While overall national trends may vary by geographic region, blacks in the 

four ARIC communities had higher rates and trends of ADHF hospitalizations 

compared to whites, but also had lower age-adjusted 1-year case fatality in 

each sex group (particularly black women with HFpEF).

• This racial difference may be related to younger age of HF onset, 

comorbidities, and other community-level and socioeconomic factors that 

may affect HF trends.

• Given the national focus to decrease readmission rates for ADHF, more 

attention on the medical management of hospitalized patients with ADHF is 

also warranted.
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Figure 1. 
Flow diagram of eligible hospitalizations and the final study sample.
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Figure 2. 
Age-adjusted annual event rates per 1000 for first hospitalized acute decompensated heart 

failure events, by heart failure type, race and sex: Atherosclerosis Risk in Communities 

Study Heart Failure Community Surveillance 2005-2014.
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Figure 3. 
Age-adjusted 1-year case fatality for first hospitalized acute decompensated heart failure 

(ADHF) by heart failure type, race and sex: Atherosclerosis Risk in Communities Study 

Heart Failure Community Surveillance 2005-2014.
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Figure 4. 
Age-adjusted annual event rates per 1000 for first hospitalized acute decompensated heart 

failure events (ADHF), by heart failure type, race and sex: Atherosclerosis Risk in 

Communities Study Heart Failure Community Surveillance 2005–2014. First ADHF was 

defined as cases with no history of prior heart failure diagnosis.

Chang et al. Page 17

Circulation. Author manuscript; available in PMC 2019 July 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chang et al. Page 18

Ta
b

le
 1

B
as

el
in

e 
ch

ar
ac

te
ri

st
ic

s 
of

 4
0,

17
6 

pa
tie

nt
s 

ho
sp

ita
liz

ed
 f

or
 f

ir
st

 a
nd

 r
ec

ur
re

nt
 a

cu
te

 d
ec

om
pe

ns
at

ed
 h

ea
rt

 f
ai

lu
re

 in
 2

00
5-

20
14

, a
ge

 5
5 

ye
ar

s 
an

d 
ol

de
r, 

by
 r

ac
e 

an
d 

se
x:

 A
th

er
os

cl
er

os
is

 R
is

k 
in

 C
om

m
un

iti
es

 

St
ud

y 
H

ea
rt

 F
ai

lu
re

 C
om

m
un

ity
 S

ur
ve

ill
an

ce
.

A
ll 

A
D

H
F

N
= 

40
,1

73
F

ir
st

 H
os

pi
ta

liz
ed

 A
D

H
F

(N
=2

6,
02

8)
R

ec
ur

re
nt

 H
os

pi
ta

liz
ed

 A
D

H
F

(N
=1

4,
14

4)

B
la

ck
W

om
en

(N
=3

61
3)

B
la

ck
M

en
(N

=2
74

6)

W
hi

te
W

om
en

(N
=1

03
93

)

W
hi

te
M

en
(N

=9
27

6)

B
la

ck
W

om
en

(N
=2

80
6)

B
la

ck
M

en
(N

=2
65

5)

W
hi

te
W

om
en

(N
=4

22
1)

W
hi

te
M

en
(N

=4
46

2)

M
ea

n 
A

ge
 (

ye
ar

)
75

.8
 (

23
.0

)
72

.5
 (

20
.8

)
69

.2
 (

16
.4

)
79

.3
 (

23
.5

)
76

.3
 (

23
.1

)
72

.2
 (

22
.7

)
68

.1
 (

17
.4

)
79

.6
 (

23
.1

)
76

.8
 (

22
.0

)

A
ge

 g
ro

up
s 

(y
ea

r)

 
55

-6
4

76
86

 (
19

)
10

36
 (

29
)

10
87

 (
40

)
10

76
 (

10
)

14
23

 (
15

)
83

9 
(3

0)
12

25
 (

46
)

39
7 

(9
)

60
2 

(1
3)

 
65

-7
4

95
95

 (
24

)
10

21
 (

28
)

83
2 

(3
0)

19
32

 (
19

)
22

97
 (

25
)

81
1 

(2
9)

73
9 

(2
8)

88
0 

(2
1)

10
82

 (
24

)

 
75

+
22

89
1 

(5
7)

15
56

 (
43

)
82

6 
(3

0)
73

86
 (

71
)

55
55

 (
60

)
11

55
 (

41
)

69
1 

(2
6)

29
44

 (
70

)
27

78
 (

62
)

H
F

 T
yp

e

 
H

Fp
E

F
15

53
5 

(3
9)

15
42

 (
43

)
79

1 
(2

9)
56

46
 (

54
)

32
51

 (
35

)
10

18
 (

36
)

46
2 

(1
7)

18
99

 (
45

)
92

6 
(2

1)

 
H

Fr
E

F
20

01
5 

(5
0)

15
31

 (
42

)
16

83
 (

61
)

34
31

 (
33

)
49

41
 (

53
)

14
25

 (
51

)
19

71
 (

74
)

18
41

 (
44

)
31

92
 (

72
)

 
R

ec
ov

er
ed

 H
Fr

E
F

11
54

 (
3)

63
 (

2)
71

 (
3)

24
7 

(2
)

28
6 

(3
)

89
 (

3)
76

 (
3)

18
3 

(4
)

13
9 

(3
)

 
U

H
F

34
68

 (
9)

47
8 

(1
3)

20
0 

(7
)

10
70

 (
10

)
79

7 
(9

)
27

4 
(1

0)
14

6 
(5

)
29

8 
(7

)
20

5 
(5

)

C
om

or
bi

di
ti

es

 
Pr

ev
al

en
t C

H
D

25
32

4 
(6

3)
16

07
 (

44
)

14
41

 (
52

)
55

91
 (

54
)

65
18

 (
70

)
17

79
 (

63
)

18
44

 (
69

)
27

80
 (

66
)

37
65

 (
84

)

 
M

yo
ca

rd
ia

l i
nf

ar
ct

io
n

10
37

5 
(2

6)
45

4 
(1

3)
45

6 
(1

7)
21

07
 (

20
)

27
27

 (
29

)
66

4 
(2

4)
71

7 
(2

7)
12

65
 (

30
)

19
86

 (
45

)

 
A

ng
in

a
57

74
 (

14
)

34
0 

(9
)

27
2 

(1
0)

10
72

 (
10

)
12

73
 (

14
)

46
0 

(1
6)

54
0 

(2
0)

70
8 

(1
7)

11
09

 (
25

)

 
H

yp
er

te
ns

io
n

34
47

6 
(8

6)
32

96
 (

91
)

24
69

 (
90

)
87

09
 (

84
)

75
29

 (
81

)
25

84
 (

92
)

24
18

 (
91

)
36

43
 (

86
)

38
27

 (
86

)

 
D

ia
be

te
s

19
15

8 
(4

8)
20

80
 (

58
)

13
81

 (
50

)
42

23
 (

41
)

40
72

 (
44

)
17

73
 (

63
)

14
21

 (
54

)
18

62
 (

44
)

23
46

 (
53

)

 
C

hr
on

ic
 k

id
ne

y 
di

se
as

e
27

11
 (

7)
35

7 
(1

0)
37

1 
(1

4)
36

4 
(4

)
45

7 
(5

)
31

5 
(1

1)
22

5 
(8

)
20

3 
(5

)
41

9 
(9

)

 
A

tr
ia

l f
ib

ri
lla

tio
n 

or
 f

lu
tte

r
16

12
9 

(4
0)

75
5 

(2
1)

56
6 

(2
1)

42
97

 (
41

)
41

02
 (

44
)

81
2 

(2
9)

70
9 

(2
7)

24
48

 (
58

)
24

39
 (

55
)

 
A

st
hm

a/
C

O
PD

15
79

1 
(3

9)
11

60
 (

32
)

80
8 

(2
9)

41
58

 (
40

)
36

11
 (

39
)

11
20

 (
40

)
93

9 
(3

5)
20

03
 (

47
)

19
91

 (
45

)

 
O

be
si

ty
13

18
3 

(3
8)

15
45

 (
53

)
77

6 
(3

5)
35

34
 (

38
)

30
17

 (
36

)
10

79
 (

50
)

78
9 

(3
5)

13
51

 (
37

)
10

89
 (

27
)

Sy
m

pt
om

s/
 S

ig
ns

 
D

ys
pn

ea
/r

al
es

37
41

9 
(9

3)
32

50
 (

90
)

24
89

 (
91

)
96

15
 (

93
)

86
47

 (
93

)
26

46
 (

94
)

24
96

 (
94

)
40

25
 (

95
)

42
51

 (
95

)

 
O

rt
ho

pn
ea

13
30

6 
(3

3)
11

71
 (

32
)

10
98

 (
40

)
28

08
 (

27
)

27
23

 (
29

)
11

40
 (

41
)

12
81

 (
48

)
15

64
 (

37
)

15
21

 (
34

)

 
PN

D
62

09
 (

15
)

49
2 

(1
4)

53
4 

(1
9)

11
69

 (
11

)
13

14
 (

14
)

62
7 

(2
2)

73
7 

(2
8)

66
4 

(1
6)

67
1 

(1
5)

 
H

yp
ox

ia
18

20
7 

(4
5)

12
99

 (
36

)
84

4 
(3

1)
56

86
 (

55
)

44
86

 (
48

)
92

5 
(3

3)
72

2 
(2

7)
22

59
 (

54
)

19
85

 (
45

)

Circulation. Author manuscript; available in PMC 2019 July 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chang et al. Page 19

A
ll 

A
D

H
F

N
= 

40
,1

73
F

ir
st

 H
os

pi
ta

liz
ed

 A
D

H
F

(N
=2

6,
02

8)
R

ec
ur

re
nt

 H
os

pi
ta

liz
ed

 A
D

H
F

(N
=1

4,
14

4)

B
la

ck
W

om
en

(N
=3

61
3)

B
la

ck
M

en
(N

=2
74

6)

W
hi

te
W

om
en

(N
=1

03
93

)

W
hi

te
M

en
(N

=9
27

6)

B
la

ck
W

om
en

(N
=2

80
6)

B
la

ck
M

en
(N

=2
65

5)

W
hi

te
W

om
en

(N
=4

22
1)

W
hi

te
M

en
(N

=4
46

2)

 
E

de
m

a
29

64
0 

(7
4)

25
45

 (
70

)
19

87
 (

72
)

72
74

 (
70

)
68

86
 (

74
)

21
90

 (
78

)
20

64
 (

78
)

31
56

 (
75

)
35

39
 (

79
)

 
Pu

lm
on

ar
y 

ed
em

a 
(C

X
R

)
18

58
1 

(4
8)

17
53

 (
50

)
12

86
 (

49
)

50
99

 (
50

)
40

06
 (

45
)

14
41

 (
53

)
11

36
 (

44
)

19
33

 (
48

)
19

27
 (

46
)

V
al

ue
s 

ar
e 

pr
es

en
te

d 
as

 N
 (

%
) 

ex
ce

pt
 f

or
 m

ea
n 

ag
e 

w
he

re
 v

al
ue

s 
ar

e 
m

ea
n 

(S
D

).
 P

er
ce

nt
ag

es
 w

er
e 

ro
un

de
d 

to
 th

e 
ne

ar
es

t i
nt

eg
er

.

A
bb

re
vi

at
io

ns
: C

H
D

 =
 c

or
on

ar
y 

he
ar

t d
is

ea
se

; C
O

PD
 =

 c
hr

on
ic

 o
bs

tr
uc

tiv
e 

pu
lm

on
ar

y 
di

se
as

e;
 C

X
R

 =
 c

he
st

 x
-r

ay
; H

Fp
E

F 
=

 h
ea

rt
 f

ai
lu

re
 w

ith
 p

re
se

rv
ed

 e
je

ct
io

n 
fr

ac
tio

n;
 H

Fr
E

F 
=

 h
ea

rt
 f

ai
lu

re
 w

ith
 r

ed
uc

ed
 e

je
ct

io
n 

fr
ac

tio
n;

 P
N

D
 =

 p
ar

ox
ys

m
al

 n
oc

tu
rn

al
 d

ys
pn

ea
; U

H
F 

=
 

un
kn

ow
n 

su
bt

yp
e 

of
 h

ea
rt

 f
ai

lu
re

 (
m

is
si

ng
 d

at
a 

fo
r 

ej
ec

tio
n 

fr
ac

tio
n)

Circulation. Author manuscript; available in PMC 2019 July 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chang et al. Page 20

Ta
b

le
 2

A
ge

-a
dj

us
te

d 
an

nu
al

 a
ve

ra
ge

 e
ve

nt
 r

at
es

 (
A

E
R

) 
of

 h
os

pi
ta

liz
ed

 a
cu

te
 d

ec
om

pe
ns

at
ed

 h
ea

rt
 f

ai
lu

re
 (

A
D

H
F)

 p
er

 1
00

0 
pe

rs
on

s 
in

 th
e 

po
pu

la
tio

n,
 a

nd
 

av
er

ag
e 

an
nu

al
 p

er
ce

nt
 c

ha
ng

e 
(A

A
PC

),
 b

y 
he

ar
t f

ai
lu

re
 ty

pe
, r

ac
e 

an
d 

se
x:

 A
th

er
os

cl
er

os
is

 R
is

k 
in

 C
om

m
un

iti
es

 H
ea

rt
 F

ai
lu

re
 S

tu
dy

 C
om

m
un

ity
 

Su
rv

ei
lla

nc
e 

20
05

-2
01

4. To
ta

l (
N

=4
0,

17
3)

H
F

pE
F

 (
N

=1
5,

53
5)

H
F

rE
F

 (
N

=2
0,

01
5)

A
E

R
 (

pe
r1

00
0)

A
A

P
C

 (
%

)
A

E
R

 (
pe

r1
00

0)
A

A
P

C
 (

%
)

A
E

R
 (

pe
r1

00
0)

A
A

P
C

 (
%

)

A
ll 

H
os

pi
ta

liz
ed

 A
D

H
F

 
B

la
ck

 W
om

en
30

.5
 (

29
.2

, 3
1.

8)
*†

4.
3 

(2
.7

, 5
.9

)*
12

.3
 (

11
.4

, 1
3.

3)
*†

8.
2 

(5
.2

, 1
1.

3)
13

.9
 (

12
.8

, 1
4.

9)
*†

2.
0 

(−
0.

7,
 4

.7
)

 
B

la
ck

 M
en

38
.1

 (
36

.6
, 3

9.
7)

3.
7 

(2
.3

, 5
.1

)
9.

7 
(8

.7
, 1

0.
6)

5.
7 

(2
.1

, 9
.4

)
24

.8
 (

23
.5

, 2
6.

2)
2.

8 
(0

.8
, 4

.7
)

 
W

hi
te

 W
om

en
15

.2
 (

14
.7

, 1
5.

7)
1.

9 
(0

.7
, 3

.1
)

7.
8 

(7
.4

, 8
.2

)
5.

9 
(4

.0
, 8

.0
)

5.
5 

(5
.2

, 5
.9

)
−

0.
5 

(−
2.

8,
 1

.9
)

 
W

hi
te

 M
en

20
.7

 (
20

.0
, 2

1.
4)

2.
6 

(1
.4

, 3
.8

)
6.

3 
(5

.9
, 6

.8
)

4.
6 

(2
.0

, 7
.3

)
12

.3
 (

11
.7

, 1
2.

9)
2.

6 
(0

.8
, 4

.4
)

F
ir

st
 H

os
pi

ta
liz

ed
 A

D
H

F

 
B

la
ck

 W
om

en
17

.2
 (

16
.1

, 1
8.

3)
*†

6.
3 

(3
.8

, 8
.9

)*
7.

4 
(6

.7
, 8

.1
)*

†
10

.0
 (

6.
1,

 1
4.

1)
*

7.
2 

(6
.5

, 8
.0

)*
†

3.
1 

(−
0.

9,
 7

.4
)

 
B

la
ck

 M
en

19
.9

 (
18

.6
, 2

1.
2)

4.
2 

(1
.9

, 6
.6

)
6.

2 
(5

.5
, 7

.0
)

7.
9 

(3
.4

, 1
2.

7)
11

.6
 (

10
.6

, 1
2.

7)
1.

7 
(−

1.
3,

 4
.8

)

 
W

hi
te

 W
om

en
10

.8
 (

10
.3

, 1
1.

3)
1.

8 
(0

.3
, 3

.4
)

5.
9 

(5
.5

, 6
.2

)
5.

3 
(2

.9
, 7

.7
)

3.
6 

(3
.3

, 3
.9

)
0.

7 
(−

2.
3,

 3
.8

)

 
W

hi
te

 M
en

14
.0

 (
13

.3
, 1

4.
6)

3.
6 

(2
.0

, 5
.3

)
4.

9 
(4

.5
, 5

.3
)

5.
5 

(2
.5

, 8
.6

)
7.

4 
(6

.9
, 7

.9
)

3.
5 

(1
.1

, 5
.9

)

R
ec

ur
re

nt
 H

os
pi

ta
liz

ed
 A

D
H

F

 
B

la
ck

 W
om

en
13

.3
 (

12
.3

, 1
4.

3)
*†

1.
7 

(−
0.

9,
 4

.5
)

4.
9 

(4
.3

, 5
.6

)*
†

5.
6 

(0
.5

, 1
0.

9)
6.

6 
(5

.9
, 7

.3
)*

†
0.

8 
(−

2.
9,

 4
.7

)

 
B

la
ck

 M
en

18
.2

 (
17

.0
, 1

9.
5)

3.
1 

(0
.7

, 5
.5

)
3.

4 
(2

.8
, 4

.0
)

2.
0 

(−
3.

9,
 8

.3
)

13
.2

 (
12

.1
, 1

4.
3)

3.
7 

(0
.7

, 6
.7

)

 
W

hi
te

 W
om

en
4.

4 
(4

.1
, 4

.7
)

2.
0 

(−
0.

6,
 4

.6
)

2.
0 

(1
.7

, 2
.2

)
8.

0 
(3

.9
, 1

2.
3)

2.
0 

(1
.7

, 2
.2

)
−

2.
6 

(−
6.

6,
 1

.5
)

 
W

hi
te

 M
en

6.
8 

(6
.3

, 7
.2

)
0.

5 
(−

2.
1,

 3
.1

)
1.

4 
(1

.2
, 1

.6
)

1.
7 

(−
3.

9,
 7

.7
)

4.
9 

(4
.4

, 5
.3

)
1.

2 
(−

1.
9,

 4
.4

)

* p<
0.

05
 f

or
 c

om
pa

ri
so

n 
be

tw
ee

n 
ra

ce
 s

ub
gr

ou
ps

 w
ith

in
 th

e 
H

F 
ca

te
go

ry
.

† p<
0.

05
 f

or
 c

om
pa

ri
so

n 
be

tw
ee

n 
se

x 
su

bg
ro

up
s 

w
ith

in
 th

e 
H

F 
ca

te
go

ry
.

A
bb

re
vi

at
io

ns
:

A
A

PC
 =

 a
ve

ra
ge

 a
nn

ua
l p

er
ce

nt
 c

ha
ng

e
A

E
R

 =
 a

ve
ra

ge
 e

ve
nt

 r
at

es
 (

nu
m

be
r 

of
 A

D
H

F 
ev

en
ts

 p
er

 y
ea

r)
 p

er
 1

00
0 

pe
rs

on
s

H
F 

=
 h

ea
rt

 f
ai

lu
re

H
Fp

E
F 

=
 h

ea
rt

 f
ai

lu
re

 w
ith

 p
re

se
rv

ed
 e

je
ct

io
n 

fr
ac

tio
n

H
Fr

E
F 

=
 h

ea
rt

 f
ai

lu
re

 w
ith

 r
ed

uc
ed

 e
je

ct
io

n 
fr

ac
tio

n

Circulation. Author manuscript; available in PMC 2019 July 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chang et al. Page 21

Ta
b

le
 3

D
ea

th
s 

w
ith

in
 2

8 
da

ys
 a

nd
 1

 y
ea

r 
of

 a
cu

te
 d

ec
om

pe
ns

at
ed

 h
ea

rt
 f

ai
lu

re
 h

os
pi

ta
liz

at
io

n,
 a

ge
-a

dj
us

te
d 

ca
se

 f
at

al
ity

 a
nd

 a
ve

ra
ge

 a
nn

ua
l p

er
ce

nt
 c

ha
ng

e 

(A
A

PC
),

 b
y 

he
ar

t f
ai

lu
re

 ty
pe

, r
ac

e 
an

d 
se

x:
 A

th
er

os
cl

er
os

is
 R

is
k 

in
 C

om
m

un
iti

es
 S

tu
dy

 H
ea

rt
 F

ai
lu

re
 C

om
m

un
ity

 S
ur

ve
ill

an
ce

 2
00

5-
20

14
.

To
ta

l
H

F
pE

F
H

F
rE

F

N
28

-d
ay

 C
F

 (
%

)
A

A
P

C
 (

%
)

N
28

-d
ay

 C
F

 (
%

)
A

A
P

C
 (

%
)

N
28

-d
ay

 C
F

 (
%

)
A

A
P

C
 (

%
)

A
ll 

H
os

pi
ta

liz
ed

 A
D

H
F

 
B

la
ck

 W
om

en
57

0
10

.2
 (

8.
4,

12
.0

)†
−

6.
0 

(−
13

.3
, 1

.2
)

16
1

7.
2 

(4
.9

,9
.4

)†
2.

8 
(−

10
.2

, 1
5.

9)
30

2
11

.6
 (

8.
7,

14
.4

)
−

6.
6 

(−
15

.9
, 2

.8
)

 
B

la
ck

 M
en

37
4

9.
2 

(7
.5

,1
0.

9)
−

3.
2 

(−
9.

1,
 2

.6
)

81
7.

6 
(4

.6
,1

0.
5)

−
0.

6 
(−

14
.6

, 1
3.

3)
26

1
10

.0
 (

7.
8,

12
.3

)
−

3.
5 

(−
10

.4
, 3

.5
)

 
W

hi
te

 W
om

en
18

05
11

.7
 (

10
.4

,1
3.

1)
−

2.
4 

(−
6.

9,
 2

.1
)

82
5

10
.1

 (
8.

3,
11

.8
)

−
1.

5 
(−

8.
4,

 5
.4

)
65

1
12

.2
 (

10
.0

,1
4.

4)
−

0.
5 

(−
7.

5,
 6

.4
)

 
W

hi
te

 M
en

16
38

12
.1

 (
10

.7
,1

3.
5)

−
0.

7 
(−

5.
3,

 3
.8

)
48

9
11

.7
 (

9.
3,

14
.2

)
0.

5 
(−

7.
4,

 8
.4

)
93

2
11

.8
 (

10
.1

,1
3.

6)
2.

5 
(−

3.
1,

 8
.1

)

F
ir

st
 H

os
pi

ta
liz

ed
 A

D
H

F

 
B

la
ck

 W
om

en
29

3
9.

3 
(7

.0
,1

1.
5)

†
−

5.
9 

(−
16

.0
, 4

.2
)

85
6.

2 
(3

.5
,8

.9
)†

−
5.

7 
(−

24
.0

, 1
2.

6)
14

5
10

.6
 (

6.
8,

14
.3

)
−

3.
9 

(−
17

.7
, 9

.9
)

 
B

la
ck

 M
en

15
9

7.
3 

(5
.2

,9
.3

)
0.

0 
(−

10
.6

, 1
0.

7)
37

5.
4 

(2
.3

,8
.5

)
18

.3
 (

−
7.

0,
 4

3.
6)

11
5

9.
0 

(6
.0

,1
2.

1)
−

2.
9 

(−
14

.7
, 9

.0
)

 
W

hi
te

 W
om

en
12

79
11

.5
 (

9.
9,

13
.1

)
−

4.
1 

(−
9.

5,
 1

.3
)

59
1

9.
8 

(7
.7

,1
1.

8)
−

1.
6 

(−
9.

8,
 6

.7
)

44
9

12
.5

 (
9.

8,
15

.3
)

−
1.

0 
(−

9.
5,

 7
.4

)

 
W

hi
te

 M
en

10
65

11
.8

 (
10

.1
,1

3.
5)

−
2.

8 
(−

8.
6,

 3
.0

)
37

1
11

.4
 (

8.
7,

14
.2

)
−

2.
4 

(−
11

.3
, 6

.6
)

54
5

11
.6

 (
9.

3,
13

.9
)

1.
7 

(−
6.

0,
 9

.4
)

R
ec

ur
re

nt
 H

os
pi

ta
liz

ed
 A

D
H

F

 
B

la
ck

 W
om

en
27

7
11

.5
 (

8.
6,

14
.3

)
−

5.
6 

(−
15

.9
, 4

.6
)

76
8.

7 
(4

.7
,1

2.
7)

13
.1

 (
−

4.
4,

 3
0.

6)
*

15
6

12
.6

 (
8.

5,
16

.8
)

−
9.

3 
(−

22
.3

, 3
.6

)

 
B

la
ck

 M
en

21
5

11
.6

 (
8.

7,
14

.5
)

−
5.

2 
(−

12
.2

, 1
.7

)
43

11
.6

 (
5.

5,
17

.7
)

−
10

.8
 (

−
27

.3
, 5

.6
)

14
5

11
.0

 (
7.

6,
14

.4
)

−
4.

0 
(−

12
.4

, 4
.3

)

 
W

hi
te

 W
om

en
52

5
12

.3
 (

9.
8,

14
.8

)
1.

9 
(−

6.
2,

 1
0.

0)
23

3
10

.9
 (

7.
5,

14
.2

)
−

1.
7 

(−
14

.1
, 1

0.
7)

20
2

11
.6

 (
8.

0,
15

.3
)

0.
3 

(−
12

.3
, 1

3.
0)

 
W

hi
te

 M
en

57
2

12
.8

 (
10

.4
,1

5.
2)

3.
3 

(−
3.

9,
 1

0.
5)

11
8

12
.8

 (
7.

4,
18

.1
)

10
.1

 (
−

8.
0,

 2
8.

2)
38

7
12

.0
 (

9.
3,

14
.7

)
3.

7 
(−

4.
2,

 1
1.

6)

N
1-

ye
ar

 C
F 

(%
)

A
A

PC
 (

%
)

N
1-

ye
ar

 C
F 

(%
)

A
A

PC
 (

%
)

N
1-

ye
ar

 C
F 

(%
)

A
A

PC
 (

%
)

A
ll 

H
os

pi
ta

liz
ed

 A
D

H
F

 
B

la
ck

 W
om

en
17

83
30

.9
 (

28
.2

,3
3.

5)
†‡

−
5.

4 
(−

8.
6,

 −
2.

2)
†

59
7

25
.2

 (
21

.4
,2

9.
0)

†‡
−

7.
1 

(−
13

.1
, −

1.
1)

†
88

8
34

.0
 (

30
.0

,3
8.

0)
−

3.
1 

(−
7.

4,
 1

.1
)

 
B

la
ck

 M
en

14
56

33
.7

 (
30

.9
,3

6.
6)

−
4.

6 
(−

7.
3,

 −
1.

8)
29

9
27

.5
 (

22
.6

,3
2.

5)
−

3.
7 

(−
9.

9,
 2

.6
)

10
20

36
.5

 (
32

.7
,4

0.
4)

−
4.

7 
(−

8.
0,

 −
1.

4)

 
W

hi
te

 W
om

en
50

14
33

.8
 (

31
.8

,3
5.

9)
−

1.
8 

(−
4.

1,
 0

.5
)

24
26

31
.2

 (
28

.5
,3

4.
0)

−
2.

1 
(−

5.
3,

 1
.2

)
18

27
34

.4
 (

31
.1

,3
7.

7)
0.

1 
(−

3.
8,

 3
.9

)

 
W

hi
te

 M
en

50
10

37
.8

 (
35

.7
,3

9.
8)

−
1.

3 
(−

3.
4,

 0
.8

)
15

06
37

.0
 (

33
.3

,4
0.

7)
2.

3 
(−

1.
6,

 6
.3

)
28

34
36

.3
 (

33
.6

,3
9.

0)
−

1.
9 

(−
4.

7,
 1

.0
)

F
ir

st
 H

os
pi

ta
liz

ed
 A

D
H

F

 
B

la
ck

 W
om

en
92

2
28

.3
 (

25
.0

,3
1.

7)
†

−
4.

7 
(−

9.
0,

 −
0.

3)
34

7
24

.5
 (

19
.8

,2
9.

2)
†‡

−
6.

1 
(−

13
.4

, 1
.3

)
40

2
29

.2
 (

23
.9

,3
4.

4)
−

2.
9 

(−
9.

4,
 3

.6
)

 
B

la
ck

 M
en

64
9

29
.4

 (
25

.7
,3

3.
2)

−
1.

7 
(−

6.
0,

 2
.6

)
17

0
24

.0
 (

18
.2

,2
9.

7)
1.

3 
(−

7.
6,

 1
0.

2)
41

5
33

.4
 (

28
.1

,3
8.

8)
−

3.
2 

(−
8.

6,
 2

.1
)

 
W

hi
te

 W
om

en
34

44
32

.3
 (

29
.9

,3
4.

8)
−

2.
1 

(−
4.

9,
 0

.7
)

17
36

29
.9

 (
26

.7
,3

3.
0)

−
1.

9 
(−

5.
9,

 2
.0

)
11

61
32

.9
 (

28
.8

,3
7.

0)
0.

1 
(−

4.
8,

 5
.1

)

Circulation. Author manuscript; available in PMC 2019 July 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chang et al. Page 22

To
ta

l
H

F
pE

F
H

F
rE

F

N
28

-d
ay

 C
F

 (
%

)
A

A
P

C
 (

%
)

N
28

-d
ay

 C
F

 (
%

)
A

A
P

C
 (

%
)

N
28

-d
ay

 C
F

 (
%

)
A

A
P

C
 (

%
)

 
W

hi
te

 M
en

31
23

35
.0

 (
32

.5
,3

7.
5)

−
1.

2 
(−

4.
0,

 1
.6

)
11

14
34

.9
 (

30
.8

,3
9.

0)
1.

0 
(−

3.
7,

 5
.7

)
15

07
32

.2
 (

28
.8

,3
5.

5)
−

0.
5 

(−
4.

6,
 3

.5
)

R
ec

ur
re

nt
 H

os
pi

ta
liz

ed
 A

D
H

F

 
B

la
ck

 W
om

en
86

0
36

.8
 (

32
.2

,4
1.

4)
†‡

−
5.

8 
(−

10
.4

, −
1.

3)
†

25
0

26
.4

 (
20

.1
,3

2.
7)

†
−

8.
1 

(−
17

.8
, 1

.6
)†

48
5

39
.5

 (
33

.5
,4

5.
5)

−
3.

2 
(−

8.
9,

 2
.5

)

 
B

la
ck

 M
en

80
6

41
.4

 (
36

.3
,4

6.
4)

−
6.

6 
(−

10
.2

, −
3.

0)
12

9
34

.0
 (

25
.0

,4
3.

0)
−

8.
4 

(−
17

.4
, 0

.6
)

60
5

39
.3

 (
33

.9
,4

4.
8)

−
5.

8 
(−

9.
9,

 −
1.

8)

 
W

hi
te

 W
om

en
15

69
38

.4
 (

34
.2

,4
2.

7)
−

1.
2 

(−
5.

3,
 2

.8
)

69
0

35
.3

 (
29

.4
,4

1.
1)

−
2.

9 
(−

9.
1,

 3
.2

)
66

5
37

.3
 (

31
.7

,4
2.

8)
0.

2 
(−

6.
0,

 6
.4

)

 
W

hi
te

 M
en

18
86

45
.2

 (
41

.0
,4

9.
5)

−
1.

0 
(−

4.
3,

 2
.3

)
39

1
44

.9
 (

36
.7

,5
3.

2)
6.

4 
(−

0.
9,

 1
3.

7)
13

26
42

.5
 (

38
.0

,4
7.

0)
−

3.
0 

(−
7.

1,
 1

.1
)

N
 d

en
ot

es
 th

e 
nu

m
be

r 
of

 d
ea

th
s.

* p<
0.

05
 f

or
 c

om
pa

ri
so

n 
be

tw
ee

n 
ra

ce
-s

ex
 s

ub
gr

ou
ps

 w
ith

in
 th

e 
H

F 
ca

te
go

ry
.

† p<
0.

05
 f

or
 c

om
pa

ri
so

n 
be

tw
ee

n 
ra

ce
 s

ub
gr

ou
ps

 w
ith

in
 th

e 
H

F 
ca

te
go

ry
.

‡ p<
0.

05
 f

or
 c

om
pa

ri
so

n 
be

tw
ee

n 
se

x 
su

bg
ro

up
s 

w
ith

in
 th

e 
H

F 
ca

te
go

ry
.

A
bb

re
vi

at
io

ns
:

A
A

PC
 =

 a
ve

ra
ge

 a
nn

ua
l p

er
ce

nt
 c

ha
ng

e
C

F 
=

 a
ve

ra
ge

 c
as

e 
fa

ta
lit

y 
pe

rc
en

ta
ge

H
F 

=
 h

ea
rt

 f
ai

lu
re

H
Fp

E
F 

=
 h

ea
rt

 f
ai

lu
re

 w
ith

 p
re

se
rv

ed
 e

je
ct

io
n 

fr
ac

tio
n

H
Fr

E
F 

=
 h

ea
rt

 f
ai

lu
re

 w
ith

 r
ed

uc
ed

 e
je

ct
io

n 
fr

ac
tio

n

Circulation. Author manuscript; available in PMC 2019 July 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chang et al. Page 23

Ta
b

le
 4

A
ge

-a
dj

us
te

d 
an

nu
al

 a
ve

ra
ge

 e
ve

nt
 r

at
es

 (
A

E
R

) 
of

 h
os

pi
ta

liz
ed

 a
cu

te
 d

ec
om

pe
ns

at
ed

 h
ea

rt
 f

ai
lu

re
 (

A
D

H
F)

 p
er

 1
00

0 
pe

rs
on

s 
in

 th
e 

po
pu

la
tio

n,
 a

nd
 

av
er

ag
e 

an
nu

al
 p

er
ce

nt
 c

ha
ng

e 
(A

A
PC

),
 b

y 
he

ar
t f

ai
lu

re
 ty

pe
* ,

 r
ac

e 
an

d 
se

x:
 A

th
er

os
cl

er
os

is
 R

is
k 

in
 C

om
m

un
iti

es
 H

ea
rt

 F
ai

lu
re

 S
tu

dy
 C

om
m

un
ity

 

Su
rv

ei
lla

nc
e 

20
05

-2
01

4.

To
ta

l (
N

=4
0,

17
3)

H
F

pE
F

 (
N

=1
5,

53
5)

H
F

rE
F

 (
N

=2
0,

01
5)

A
E

R
 (

pe
r1

00
0)

A
A

P
C

 (
%

)
A

E
R

 (
pe

r1
00

0)
A

A
P

C
 (

%
)

A
E

R
 (

pe
r1

00
0)

A
A

P
C

 (
%

)

F
Ir

st
 A

D
H

F
*

 
B

la
ck

 W
om

en
7.

5 
(6

.7
, 8

.2
)†

‡
1.

8 
(−

1.
7,

 5
.5

)
3.

6 
(3

.0
, 4

.1
)†

‡
4.

2 
(−

1.
2,

 9
.8

)
3.

0 
(2

.5
, 3

.5
)†

‡
0.

8 
(−

4.
8,

 6
.7

)

 
B

la
ck

 M
en

8.
5 

(7
.6

, 9
.3

)
1.

2 
(−

2.
3,

 4
.7

)
3.

0 
(2

.4
, 3

.5
)

4.
4 

(−
1.

7,
 1

0.
8)

4.
6 

(4
.0

, 5
.3

)
−

1.
0 

(−
5.

7,
 3

.8
)

 
W

hi
te

 W
om

en
4.

7 
(4

.4
, 5

.1
)

−
0.

2 
(−

2.
6,

 2
.3

)
2.

9 
(2

.6
, 3

.1
)

2.
1 

(−
1.

3,
 5

.5
)

1.
4 

(1
.2

, 1
.6

)
−

1.
4 

(−
6.

1,
 3

.5
)

 
W

hi
te

 M
en

5.
8 

(5
.3

, 6
.2

)
3.

3 
(0

.6
, 6

.1
)

2.
4 

(2
.1

, 2
.7

)
7.

2 
(2

.8
, 1

1.
7)

2.
7 

(2
.4

, 3
.0

)
1.

3 
(−

2.
6,

 5
.4

)

R
ec

ur
re

nt
 A

D
H

F

 
B

la
ck

 W
om

en
23

.0
 (

21
.8

, 2
4.

2)
†‡

5.
1 

(3
.1

, 7
.1

)†
8.

8 
(7

.9
, 9

.6
)†

‡
9.

9 
(6

.1
, 1

3.
9)

‡
10

.8
 (

9.
9,

 1
1.

7)
†‡

2.
3 

(−
0.

8,
 5

.6
)

 
B

la
ck

 M
en

29
.7

 (
28

.2
, 3

1.
2)

4.
4 

(2
.6

, 6
.2

)
6.

7 
(5

.9
, 7

.5
)

6.
3 

(1
.8

, 1
1.

0)
20

.2
 (

18
.9

, 2
1.

5)
3.

7 
(1

.4
, 6

.0
)

 
W

hi
te

 W
om

en
10

.5
 (

10
.0

, 1
0.

9)
2.

8 
(1

.2
, 4

.5
)

5.
0 

(4
.6

, 5
.3

)
8.

3 
(5

.7
, 1

1.
0)

4.
1 

(3
.8

, 4
.4

)
−

0.
1 

(−
2.

9,
 2

.7
)

 
W

hi
te

 M
en

15
.0

 (
14

.3
, 1

5.
6)

2.
3 

(0
.7

, 3
.9

)
3.

9 
(3

.5
, 4

.2
)

3.
1 

(−
0.

4,
 6

.7
)

9.
5 

(9
.0

, 1
0.

1)
3.

0 
(0

.8
, 5

.2
)

* Fi
rs

t A
D

H
F 

w
as

 d
ef

in
ed

 a
s 

ca
se

s 
w

ith
 n

o 
hi

st
or

y 
of

 p
ri

or
 h

ea
rt

 f
ai

lu
re

 d
ia

gn
os

is
.

† p<
0.

05
 f

or
 c

om
pa

ri
so

n 
be

tw
ee

n 
ra

ce
 s

ub
gr

ou
ps

 w
ith

in
 th

e 
H

F 
ca

te
go

ry
.

‡ p<
0.

05
 f

or
 c

om
pa

ri
so

n 
be

tw
ee

n 
se

x 
su

bg
ro

up
s 

w
ith

in
 th

e 
H

F 
ca

te
go

ry
.

A
bb

re
vi

at
io

ns
:

A
A

PC
 =

 a
ve

ra
ge

 a
nn

ua
l p

er
ce

nt
 c

ha
ng

e
A

E
R

 =
 a

ve
ra

ge
 e

ve
nt

 r
at

es
 (

nu
m

be
r 

of
 A

D
H

F 
ev

en
ts

 p
er

 y
ea

r)
 p

er
 1

00
0 

pe
rs

on
s

H
F 

=
 h

ea
rt

 f
ai

lu
re

H
Fp

E
F 

=
 h

ea
rt

 f
ai

lu
re

 w
ith

 p
re

se
rv

ed
 e

je
ct

io
n 

fr
ac

tio
n

H
Fr

E
F 

=
 h

ea
rt

 f
ai

lu
re

 w
ith

 r
ed

uc
ed

 e
je

ct
io

n 
fr

ac
tio

n

Circulation. Author manuscript; available in PMC 2019 July 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chang et al. Page 24

Ta
b

le
 5

D
ea

th
s 

w
ith

in
 2

8 
da

ys
 a

nd
 1

 y
ea

r 
of

 a
cu

te
 d

ec
om

pe
ns

at
ed

 h
ea

rt
 f

ai
lu

re
 h

os
pi

ta
liz

at
io

n,
 a

ge
-a

dj
us

te
d 

ca
se

 f
at

al
ity

 a
nd

 a
ve

ra
ge

 a
nn

ua
l p

er
ce

nt
 c

ha
ng

e 

(A
A

PC
),

 b
y 

he
ar

t f
ai

lu
re

 ty
pe

* ,
 r

ac
e 

an
d 

se
x:

 A
th

er
os

cl
er

os
is

 R
is

k 
in

 C
om

m
un

iti
es

 S
tu

dy
 H

ea
rt

 F
ai

lu
re

 C
om

m
un

ity
 S

ur
ve

ill
an

ce
 2

00
5-

20
14

.

To
ta

l
H

F
pE

F
H

F
rE

F

N
28

-d
ay

 C
F

 (
%

)
A

A
P

C
 (

%
)

N
28

-d
ay

 C
F

 (
%

)
A

A
P

C
 (

%
)

N
28

-d
ay

 C
F

 (
%

)
A

A
P

C
 (

%
)

F
ir

st
 A

D
H

F
*

 
B

la
ck

 W
om

en
12

0
8.

8 
(5

.4
,1

2.
2)

†
−

10
.5

 (
−

26
.9

, 6
.0

)
34

5.
2(

1.
5,

8.
9)

†
−

12
.4

 (
−

47
.8

, 2
3.

1)
50

9.
9(

4.
5,

15
.2

)
5.

7 
(−

13
.2

, 2
4.

5)

 
B

la
ck

 M
en

60
6.

2 
(3

.3
,9

.0
)

0.
8 

(−
17

.6
, 1

9.
3)

18
5.

0(
0.

6,
9.

5)
40

.7
 (

−
10

.7
, 9

2.
1)

39
7.

7(
3.

0,
12

.3
)

−
8.

0 
(−

28
.1

, 1
2.

2)

 
W

hi
te

 W
om

en
56

6
11

.8
 (

9.
4,

14
.3

)
−

6.
3 

(−
14

.5
, 1

.8
)

27
7

9.
6(

6.
7,

12
.5

)
−

6.
4 

(−
18

.7
, 6

.0
)

17
7

12
.5

(8
.3

,1
6.

7)
−

0.
5 

(−
10

.8
, 9

.9
)

 
W

hi
te

 M
en

46
1

12
.5

 (
9.

7,
15

.2
)

−
2.

6 
(−

11
.8

, 6
.6

)
17

7
11

.0
(7

.2
,1

4.
9)

−
2.

3 
(−

16
.3

, 1
1.

6)
24

2
14

.3
(1

0.
1,

18
.5

)
−

3.
8 

(−
16

.2
, 8

.6
)

R
ec

ur
re

nt
 A

D
H

F

 
B

la
ck

 W
om

en
44

9
10

.7
 (

8.
6,

12
.8

)
−

5.
0 

(−
13

.0
, 3

.0
)

12
7

8.
0(

5.
1,

10
.9

)
6.

9 
(−

5.
8,

 1
9.

7)
25

2
12

.2
(8

.9
,1

5.
5)

−
3.

8 
(−

16
.2

, 8
.6

)†

 
B

la
ck

 M
en

31
3

10
.1

 (
8.

1,
12

.1
)

−
4.

2 
(−

10
.3

, 1
.9

)
63

8.
6(

4.
8,

12
.3

)
−

8.
7 

(−
22

.3
, 4

.8
)

22
1

10
.5

(8
.0

,1
3.

1)
−

8.
8 

(−
19

.0
, 1

.5
)

 
W

hi
te

 W
om

en
12

38
11

.7
 (

10
.1

,1
3.

3)
−

0.
6 

(−
6.

2,
 4

.9
)

54
7

10
.3

(8
.1

,1
2.

5)
1.

0 
(−

7.
1,

 9
.1

)
47

4
12

.0
(9

.5
,1

4.
6)

−
3.

0 
(−

10
.3

, 4
.4

)

 
W

hi
te

 M
en

11
77

12
.0

 (
10

.4
,1

3.
7)

−
0.

1 
(−

5.
3,

 5
.2

)
31

2
12

.2
(9

.0
,1

5.
3)

2.
0 

(−
7.

6,
 1

1.
5)

68
9

11
.2

(9
.2

,1
3.

1)
−

0.
4 

(−
9.

2,
 8

.4
)

N
1-

ye
ar

 C
F 

(%
)

A
A

PC
 (

%
)

N
1-

ye
ar

 C
F 

(%
)

A
A

PC
 (

%
)

N
1-

ye
ar

 C
F 

(%
)

A
A

PC
 (

%
)

F
ir

st
 A

D
H

F

 
B

la
ck

 W
om

en
33

5
23

.3
 (

18
.7

,2
8.

0)
−

8.
7 

(−
16

.5
, −

0.
8)

13
7

19
.8

 (
13

.7
,2

5.
9)

−
6.

6 
(−

20
.1

, 6
.9

)
13

0
22

.9
 (

15
.6

,3
0.

2)
−

6.
8 

(−
19

.2
, 5

.6
)

 
B

la
ck

 M
en

26
1

28
.8

 (
23

.0
,3

4.
6)

−
0.

2 
(−

6.
9,

 6
.5

)
80

22
.7

 (
14

.4
,3

0.
9)

3.
5 

(−
11

.4
, 1

8.
5)

15
2

32
.8

 (
24

.1
,4

1.
5)

−
1.

1 
(−

9.
1,

 7
.0

)

 
W

hi
te

 W
om

en
13

25
28

.5
 (

25
.0

,3
1.

9)
0.

1 
(−

4.
7,

 4
.9

)
74

5
26

.4
 (

22
.2

,3
0.

7)
−

2.
2 

(−
8.

6,
 4

.3
)

38
2

28
.0

 (
21

.7
,3

4.
3)

8.
6 

(0
.3

, 1
6.

9)

 
W

hi
te

 M
en

11
61

31
.4

 (
27

.7
,3

5.
1)

−
0.

1 
(−

4.
9,

 4
.8

)
45

6
28

.7
 (

23
.3

,3
4.

2)
2.

5 
(−

5.
6,

 1
0.

6)
53

4
31

.2
 (

25
.8

,3
6.

5)
−

0.
0 

(−
6.

9,
 6

.9
)

R
ec

ur
re

nt
 A

D
H

F

 
B

la
ck

 W
om

en
14

47
33

.4
 (

30
.3

,3
6.

5)
†‡

−
4.

9 
(−

8.
4,

 −
1.

5)
†

46
0

27
.5

 (
22

.9
,3

2.
2)

†‡
−

7.
7 

(−
14

.4
, −

1.
1)

†
75

7
37

.5
 (

32
.8

,4
2.

1)
−

2.
7 

(−
7.

3,
 1

.8
)

 
B

la
ck

 M
en

11
94

35
.2

 (
31

.9
,3

8.
6)

−
5.

6 
(−

8.
6,

 −
2.

6)
21

8
29

.5
 (

23
.4

,3
5.

5)
−

5.
9 

(−
12

.8
, 1

.0
)

86
8

37
.6

 (
33

.4
,4

1.
8)

−
5.

6 
(−

9.
1,

 −
2.

0)

 
W

hi
te

 W
om

en
36

88
36

.3
 (

33
.8

,3
8.

8)
−

2.
7 

(−
5.

3,
 −

0.
1)

16
81

34
.1

 (
30

.4
,3

7.
7)

−
2.

6 
(−

6.
4,

 1
.2

)
14

45
36

.7
 (

32
.9

,4
0.

6)
−

2.
2 

(−
6.

5,
 2

.1
)

 
W

hi
te

 M
en

38
49

40
.4

 (
37

.9
,4

2.
9)

−
1.

6 
(−

4.
0,

 0
.9

)
10

49
42

.3
 (

37
.4

,4
7.

2)
2.

8 
(−

1.
6,

 7
.3

)
23

00
38

.0
 (

34
.9

,4
1.

2)
−

2.
4 

(−
5.

5,
 0

.8
)

* Fi
rs

t w
as

 d
ef

in
ed

 a
s 

ca
se

s 
w

ith
 n

o 
hi

st
or

y 
of

 p
ri

or
 h

ea
rt

 f
ai

lu
re

 d
ia

gn
os

is
.

† p<
0.

05
 f

or
 c

om
pa

ri
so

n 
be

tw
ee

n 
ra

ce
 s

ub
gr

ou
ps

 w
ith

in
 th

e 
H

F 
ca

te
go

ry
.

‡ p<
0.

05
 f

or
 c

om
pa

ri
so

n 
be

tw
ee

n 
se

x 
su

bg
ro

up
s 

w
ith

in
 th

e 
H

F 
ca

te
go

ry
.

Circulation. Author manuscript; available in PMC 2019 July 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chang et al. Page 25
N

 d
en

ot
es

 th
e 

nu
m

be
r 

of
 d

ea
th

s.

A
bb

re
vi

at
io

ns
:

A
A

PC
 =

 a
ve

ra
ge

 a
nn

ua
l p

er
ce

nt
 c

ha
ng

e
C

F 
=

 a
ve

ra
ge

 c
as

e 
fa

ta
lit

y 
pe

rc
en

ta
ge

H
F 

=
 h

ea
rt

 f
ai

lu
re

H
Fp

E
F 

=
 h

ea
rt

 f
ai

lu
re

 w
ith

 p
re

se
rv

ed
 e

je
ct

io
n 

fr
ac

tio
n

H
Fr

E
F 

=
 h

ea
rt

 f
ai

lu
re

 w
ith

 r
ed

uc
ed

 e
je

ct
io

n 
fr

ac
tio

n

Circulation. Author manuscript; available in PMC 2019 July 03.


	Abstract
	BACKGROUND
	METHODS
	Study Population
	Hospital Surveillance, Case Ascertainment and Event Classification
	Statistical Analysis

	RESULTS
	Temporal trends in ADHF hospitalizations
	Case Fatality
	Sensitivity analysis

	DISCUSSION
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

