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Abstract

Patients with heart failure (HF) and preserved (HFpEF) or borderline preserved ejection fraction
(HFbEF) outnumber patients with HF and reduced ejection fraction (HFrEF), but limited data exist
on outcomes in community-based populations of these patients. We examined clinical outcomes in
a diverse population of adults with HFrEF, HFbEF, and HFpEF. All adults with diagnosed HF
from 2005 to 2012 in Kaiser Permanente Northern California were categorized by left ventricular
systolic function as HFpEF (EF= 50%), HFbEF (EF 41-49%), or HFrEF (EF< 40%).
Demographics, clinical characteristics, and therapies were obtained from electronic records.
Outcomes included death, HF hospitalization, and HF-related emergency department (ED) visit. In
28,914 eligible HF patients, there were 52% HFpEF, 16% HFbEF, and 32% HFrEF, with mean age
72.8 years and 45% women. During median follow-up of 3.5 years, crude rates (per 100 person-
years) of death, HF hospitalization, and HF-related ED visit were 14.5 (95% CI 14.3 to 14.7), 15.8
(15.5to0 16.0), and 38.2 (37.8 to 38.5), respectively. Compared with HFrEF patients, adjusted
hazard ratios of death, HF hospitalization, and HF-related ED visit for HFpEF patients were 0.82
(0.79 t0 0.85), 0.72 (0.68 to 0.75), and 0.94 (0.90 to 0.99), respectively, and for HFbEF patients
were 0.84 (0.79 to 0.88), 0.79 (0.73 to 0.84), and 0.90 (0.84 to 0.96), respectively. In conclusion,
within a large community-based HF cohort, adjusted rates of death, HF hospitalization, and HF-
related ED visits were similar in HFpEF and HFbEF patients, but higher in HFrEF patients.
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Regardless of systolic function, however, long-term mortality and morbidity in all HF patients
remain high, reinforcing the need for novel strategies to improve long-term outcomes.

Methods

In 2013, the American College of Cardiology Foundation/American Heart Association
(ACCF/AHA) categorized heart failure (HF) patients into 3 groups based on left ventricular
ejection fraction (EF): HF with reduced EF (<40%) HF and preserved ejection fraction
(HFrEF), HF with borderline preserved EF (41% to 49%) HF and borderline preserved
ejection fraction (HFbEF), and HF with preserved EF (=50%) (HFpEF).1 Due to an aging
population, improved treatment of coronary artery disease, and parallel rises in
cardiovascular risk factors, the epidemiology of HF has shifted and more than half of
incident HF cases and adults hospitalized for HF now have HFpEF or HFbEF.2-5 Studies
comparing hospitalization and mortality in HFpEF, HFbEF, and HFrEF patients have shown
variable results, but suggest similar or lower event rates in HFpEF and HFbEF patients.6-11
These studies, however, have had modest sample sizes with limited racial, ethnic, and
geographic diversity, or were limited to elderly and hospitalized Medicare beneficiaries.
Emergency department (ED) utilization independent of hospitalization, as well as long-term
mortality and hospitalization in outpatients diagnosed with HF has not been well-studied. To
address these limitations, we evaluated the characteristics and outcomes, including ED
utilization, of a large, diverse, community-based population of adults with HFrEF, HFbEF,
and HFpEF identified from both hospital and outpatient care settings.

The source population included members from Kaiser Permanente Northern California
(KPNC), a large integrated healthcare delivery system providing comprehensive inpatient,
ED, and ambulatory care to >4.1 million members in northern and central California. The
KPNC membership has broad sociodemographic diversity and is highly representative of the
local and statewide population.}2 The KPNC Virtual Data Warehouse (VDW) served as the
primary data source for subject identification and characterization. The VDW is comprised
of datasets populated with linked demographic, administrative, ambulatory pharmacy,
outpatient laboratory test results, and health care utilization data for KPNC members.13 The
KPNC institutional review board approved the study, and a waiver of consent was obtained
due to the nature of the study.

We first identified all adults aged =21 years with diagnosed HF based on either having been
hospitalized with a primary discharge diagnosis of HF and/or having = 3 ambulatory visits
coded for HF with at least 1 visit being with a cardiologist from January 1, 2005 to
December 31, 2012. We used the following /nternational Classification of Diseases, 9th
Edition (ICD-9) codes: 398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13,
404.91, 404.93, 428.0, 428.1, 428.20, 428.21, 428.22, 428.23, 428.30, 428.31, 428.32,
428.33, 428.40, 428.41, 428.42, 428.43, and 428.9. Previous studies have shown a positive
predictive value of >95% for admissions with a primary discharge diagnosis of HF based on
these codes when compared against chart review and Framingham clinical criteria.14 For the
outpatient HF definition, we required =3 ambulatory visits with associated HF diagnoses,
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with =1 of the visits being to a cardiologist to enhance specificity for having HF. Index date
was defined as the date when a patient first met the criteria for HF during the study period.

We ascertained information on quantitative and/or qualitative assessments of left ventricular
systolic function from the results of echocardiograms, radionuclide scintigraphy, other
nuclear imaging modalities, and left ventriculography test results available from site-specific
databases complemented by manual chart review. We classified patients into categories of
preserved, borderline, and reduced EF. We defined preserved EF as either a reported EF
>50% and/or based on a physician’s qualitative assessment of preserved or normal systolic
function. Borderline preserved EF was defined as a reported EF in 41% to 49% and/or
physician’s qualitative assessment of mildly reduced systolic function, and reduced EF was
defined either by a reported EF <40% and/or based on a physician’s qualitative assessment
of moderate, moderate to severe, or severe systolic dysfunction.

Follow-up occurred through December 31, 2013, with subjects censored if they either
disenrolled from the health plan or reached the end of study follow-up. Primary outcomes
were HF hospitalization, HF-related ED visit, and death from any cause. To account for
potential competing risks, a secondary composite outcome made of each of the primary
outcomes was obtained. Hospitalizations and ED visits were identified from the VDW, and
encounters for HF were based on a primary diagnosis for HF using the same inclusion
criteria ICD-9 codes. Deaths were identified from hospital and billing claims databases,
administrative health plan databases, state death certificate registries, and Social Security
Administration files as available at each site. These approaches have yielded >97% vital
status information in previous studies.14 15

We ascertained information on coexisting illnesses based on diagnoses or procedures using
relevant ICD-9 codes, laboratory results, or filled outpatient prescriptions from health plan
hospitalization discharge, ambulatory visit, laboratory, and pharmacy databases, as well as
regional diabetes mellitus and cancer registries. 617 We collected baseline and follow-up
data on diagnoses of acute myocardial infarction; unstable angina; coronary
revascularization; stroke or transient ischemic attack; atrial fibrillation or flutter; ventricular
fibrillation or tachycardia; mitral or aortic valvular heart disease; peripheral arterial disease;
rheumatic heart disease; receipt of a pacemaker, cardiac resynchronization therapy, or an
implantable cardioverter defibrillator; dyslipidemia; hypertension; diabetes mellitus;
hospitalized bleed; dementia; depression; chronic lung disease; chronic liver disease; and
systemic cancer based on previously described 1CD-9 codes and Current Procedure
Terminology procedure codes.1®

We ascertained available ambulatory results for systolic and diastolic blood pressure, serum
LDL and HDL cholesterol, estimated glomerular filtration rate using the CKDEPI estimating
equation, urinary protein dipstick measurements, and blood hemoglobin level on or before
the index date and during follow-up. We also captured longitudinal receipt of prescribed
statins, ACE inhibitors or angiotensin receptor blockers, g blockers and diuretics based on
dispensings found in ambulatory pharmacy databases using previously described methods.18
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Analyses were conducted using SAS statistical software, version 9.3 (Cary, North Carolina).
We compared baseline characteristics across EF groups using ANOVA or nonpara-metric
tests for continuous variables and chi-square tests for categorical variables. Given the large
sample size, we compared standardized mean differences using a D value >0.10, focusing
only on differences in baseline characteristics that were clinically meaningful. We calculated
event rates (per 100 person-years) with 95% confidence intervals and compared Kaplan-
Meier survival curves for each outcome across study groups using log-rank tests. We then
used multivariable extended Cox regression models with time-varying covariates to examine
the independent association in systolic function group and adverse events. Models were
adjusted for age, gender, and any other variables at entry (Table 1) that differed across
groups with a D = 0.10, with application of a robust sandwich estimator to account for
clustering of multiple observations within the same subject.

In 28,914 eligible adults with HF identified during the study period, 51.5% had HFpEF,
16.1% had HFbEF, and 32.4% had HFrEF. More than half (55.4%) of the cohort was
identified using outpatient diagnostic HF criteria. Demographic and clinical characteristics
were similar in systolic function groups, but HFpEF patients were notably older with a
higher proportion of women. They were also more likely to have a history of hypertension,
atrial arrhythmia, stroke, hospitalized bleed, proteinuria, or valvular heart disease, and less
likely to have a history of myocardial infarction, percutaneous coronary intervention, or
implantable cardioverter defibrillator relative to HFrEF patients (Table 1). The clinical and
demographic profile of HFbEF patients was largely intermediate from HFpEF to HFrEF
patients, although HFbEF patients were more likely to have had a history of coronary bypass
(Table 1). The cohort mean age was 72.8 years with 45% women and notable racial and
ethnic diversity (Table 1).

Median follow-up was 3.5 (interquartile range 1.4 to 6.3) person-years and the overall crude
rate of death from any cause was 14.5 per 100 person-years (95% CI 14.3 to 14.7). Crude
death rates were highest in HFpEF patients and lowest in HFbEF patients (Table 2), with
HFpEF patients experiencing the lowest survival probability over time (Figure 1). After
adjustment for the wide range of potential confounding factors and patient characteristics
previously described, we observed significantly lower adjusted rates of death in HFpEF and
HFbEF patients relative to HFrEF patients (Figure 2). Adjustment for longitudinal use of
HF-specific and cardioprotective medications, including ACE inhibitors, angiotensin I
receptor blockers, B blockers, diuretics, aldosterone antagonists, and statins did not
substantially affect these findings (Figure 2).

The overall rate of hospitalization for HF was 15.8 per 100 person-years (95% CI 15.5 to
16.0). Crude rates of hospitalization for HF were significantly lower in HFpEF and HFbEF
patients when compared with HFrEF patients (Table 2). Crude rates of HF hospitalization
were highest in HFrEF patients throughout (Figure 1). After adjustment for potential
confounders, HFpEF, and HFbEF patients experienced significantly lower rates of
hospitalization for HF than patients with HFrEF (Figure 2). Further adjustment for
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longitudinal medication use did not materially affect the results for HFpEF and HFbEF
patients (Figure 2).

Overall, the rate of HF-related ED visits was 38.2 per 100 person-years (95% CI 37.8 to
38.5). Compared with HFrEF patients, crude rates of HF-related ED visits were similar for
HFbEF patients, but significantly higher in HFpEF patients (Table 2). The probability of a
HF-related ED visit was similar from HFpEF to HFrEF patients until 2 years of follow-up,
after which HFpEF patients demonstrated a persistently higher risk of experiencing a HF-
related ED visit (Figure 1). After adjustment for potential confounding variables, the rates of
HF-related ED visits were only slightly lower in those with HFpEF and HFbEF when
compared with patients with HFrEF (Figure 2). As seen with other outcomes, adjustment for
longitudinal receipt of HF-specific and cardioprotective medications did not materially affect
the results (Figure 2).

Kaplan-Meier curves of the composite outcome of death, HF hospitalization, or HF-related
ED visits suggested no significant competing risks and mirrored the individual primary
outcomes across systolic function groups, with HFpEF and HFrEF patients experiencing
early and persistently lower rates of event-free survival when compared with HFbEF patients
(Figure 3).

Discussion

Within a large, diverse community-based cohort of patients with HF, we observed high rates
of death, HF hospitalization, and ED visits for HF across all categories of left ventricular
systolic function. Crude rates of death observed in HFpEF patients in our study were higher
than those seen in the I-PRESERVE and CHARM-Preserved clinical trials, but similar to
previous large cohorts from the Cardiovascular Health Study and Olmsted County,
suggesting that HFpEF patients seen in usual clinical care may represent a higher-risk
population than those in clinical trials.2-22 Our findings are consistent with results from the
Meta-Analysis Global Group in Chronic Heart Failure who report similar crude death rates
in HFpEF and HFrEF patients.® Studies of hospitalized or fee-for-service Medicare-enrolled
HF patients saw higher mortality across all EF groups compared with our results.”10.11 The
adjusted rate of death for HFpEF patients in our study was 18% lower than for HFrEF
patients, which is less than the 32% lower adjusted hazard ratio seen in the Meta-Analysis
Global Group in Chronic Heart Failure analysis, but consistent with earlier cohort studies.
71123 CJassification of HF patients in these earlier studies, however, was variable with EF
distinctions often inconsistent with current ACCF/AHA guidelines and results from patients
cared for in previous treatment eras. These studies also could not systematically account for
variation in medication and procedure use in patients as we were able to.

A unique strength of our study was the evaluation of long-term mortality and HF
hospitalization in HFbEF patients. Previous studies evaluating outcomes in this group have
reported intermediate 1-year mortality and hospitalization risk for HFbEF patients when
compared with HFrEF and HFpEF patients.8:19.24 Our findings revealed similar adjusted
rates of death and HF hospitalization in HFbEF and HFpEF patients, with notably higher
rates in HFrEF patients. Rather than an intermediate risk profile, we observed that HFbEF
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patients have comparable clinical risks to HFpEF patients. Our results also vary from
previous studies of HF patients in the Get with the Guidelines-Heart Failure (GWTG-HF)
registry that observed no significant differences in adjusted mortality in systolic function
groups at 1 or 5 years of follow-up.8:10 The observed mortality rates in HFbEF patients in
these studies, however, were much higher than those seen in our cohort and likely due to
differences in the studied populations.8:19 The GWTG-HF studies included only patients
aged =65 years who were enrolled in Medicare fee-for-service health plans and studied after
an index HF hospitalization, whereas our cohort consisted of a community-based population
of adults aged =21 years with HF diagnosed either as an outpatient or through
hospitalization.810 Excluding younger HF patients and outpatients diagnosed with HF, who
are known to have lower rates of in-hospital and 1-year mortality, likely biases the previous
GWTG-HF studies toward higher adverse event rates.2%26 By including these patients in the
study, our findings are more representative of the entire HFbEF population in the
community.

The evaluation of HF-related ED visits independent of hospitalization was also unique to our
study. ED visits for HF compose nearly 1% of all ED visits in the United States, carry high
economic costs, and are associated with high rates of hospitalization and recidivism.2-29 A
previous Kaiser Permanente Southern California and Northwest study found higher ED visit
rates in HFpEF patients when compared with HFrEF and HFbEF patients.” However, this
study did not identify HF-related ED visits, included a smaller cohort of patients followed
only after an index HF hospitalization, and excluded HFbEF patients. We observed minimal
adjusted differences in rates of HF-related ED visits across systolic function groups, but a
high burden of ED use. The markedly higher rates of HF-related ED visits relative to HF
hospitalization we observed in all systolic function groups suggests a large portion of health
care utilization by HF patients may be limited to the ED and is not well captured by previous
studies evaluating only HF hospitalization.

Our study was strengthened by long-term follow-up of a large, sociodemographically diverse
cohort of patients diagnosed with HFpEF, HFbEF, and HFrEF from both inpatient and
outpatient settings using current ACCF/AHA criteria. Our ability to use comprehensive
electronic medical records with linked inpatient and outpatient pharmacy, laboratory, and
health care utilization information, and account for differences in the use of HF-specific and
other cardiovascular medications over time is another strength of this study. There are,
however, several important limitations. We were unable to gather HF-specific functional
status, coronary anatomy, or non-EF echocardiographic parameters on our patients. Our
cohort was also composed of insured patients from Northern California whose results may
not be representative of all geographic or practice settings. However, the demographic
diversity, along with the broad range of illness severity within our cohort, argues for greater
generalizability to community-based practice settings than previous studies of patients in
clinical trials, receiving care in tertiary care academic medical centers, or identified only
through HF hospitalization. Our highly specific outpatient HF diagnostic criteria may have
also inadvertently excluded healthier HF patients not seen by a cardiologist. Although high
diagnostic specificity could be viewed as a study strength, it also represents a potential
limitation. We also could not account for recovery or change in a patient’s EF during the
study period. Previous studies report that patients with HF and EF recovery have more
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benign clinical courses.3? Inclusion of these patients in our HFbEF and HFpEF groups could
have contributed to the lower event rates observed. However, patients were categorized
based on their EF at the time of diagnosis and we suspect most patients with HF and EF
recovery were categorized as HFrEF. This should have lowered event rates in the HFrEF
group, and yet despite this we observed higher adjusted event rates in HFrEF patients across
all outcomes.

In this large, community-based population of HF patients, adjusted rates of death, HF
hospitalization, and ED visits for HF were similar for patients with HFpEF and HFbEF, and
modestly higher in those with HFrEF. These findings were not explained by differences in
receipt of either HF-specific or other cardioprotective medications. Despite lower rates of
long-term mortality seen in our cohort compared with other large registry studies, we
demonstrate persistently high rates of adverse events and excess ED utilization in HF
patients in the current treatment era regardless of level of systolic function, and reinforce the
need for novel strategies to improve long-term outcomes especially in those with HFpEF and
HFbEF.
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Figure 1. Kaplan-Meier curvesfor primary outcomes by category of left ventricular systolic

function.

Kaplan-Meier Curves for each left ventricular systolic function group are shown for the
primary outcomes (from top to bottom): death from any cause, hospitalization for HF, and
HF-related ED visit. Differences in the probabilities for all outcomes in left ventricular
systolic function groups were statistically significant. ED = emergency department; HF =

heart failure.
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Figure 2. Multivariable association of left ventricular systolic function group with clinical
outcomes, with and without adjustment for long-term medication use.

(A) Multivariable association of outcomes not adjusting for long-term medication use. (5B)
Multivariable association of outcomes adjusting for long-term medication use. Adjusted
hazard ratios are reported relative to patients with HF and reduced ejection fraction. 95%
confidence intervals are shown in parentheses. ED = emergency department; HF = heart

failure.
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Figure 3. Kaplan-Meier curvesfor the composite outcome of death from any cause, HF

hospitalization, or HF-related ED visit.

102 108

Kaplan-Meier Curves for each left ventricular systolic function group are shown for the
composite outcome of death from any cause, HF hospitalization, or HF-related ED visit.
Differences in the probabilities for all outcomes in left ventricular systolic function groups

were statistically significant. ED = emergency department; HF = heart failure.
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