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Abstract

Background—Although heart failure (HF) is a syndrome with important differences in response
to therapy by left ventricular ejection fraction (LVEF), existing risk stratification models typically
group all HF patients together. The relative importance of common predictor variables for
important clinical outcomes across strata of LVEF is relatively unknown.

Methods and Results—We identified all members with HF between 2005 and 2008 from 4
integrated health care systems in the Cardiovascular Research Network. LVEF was categorized as
preserved (LVEF =50% or normal), borderline (41-49% or mildly reduced), and reduced (<40% or
moderately to severely reduced). We used Cox regression models to identify independent
predictors of death and hospitalization by LVEF category. Among 30,094 ambulatory adults with
HF, mean age was 74 years and 46% were women. LVEF was preserved in 49.5%, borderline in
16.2%, and reduced in 34.3% of patients. Over a median follow up of 1.8 years (IQR 0.8-3.1),
8,060 (26.8%) patients died, 8,108 (26.9%) were hospitalized for HF, and 20,272 (67.4%) were
hospitalized for any reason. In multivariable models, nearly all tested covariates performed
similarly across LVEF strata for the outcome of death from any cause, as well as for HF-related
and all-cause hospitalizations.
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Conclusions—We found that in a large, diverse contemporary HF population, risk assessment
was strikingly similar across all LVEF categories. These data suggest that, although many HF
therapies are uniquely applied to patients with reduced LVEF, individual prognostic factor
performance does not appear to be significantly related to level of left ventricular systolic
function.
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Heart failure (HF) is associated with high morbidity and mortality, but prognosis can vary
significantly between individual patients. Accurate risk stratification is important for
understanding patient factors associated with poor outcomes and, by extension,
communicating expectations with patients, identifying potential targets for intervention,
tailoring the intensity of care decisions, and creating risk-standardized outcomes measures.?

While several different HF prognostic models have been published,3-9 existing models are
limited by several factors, including a lack of standardization in the choice and evaluation of
candidate predictor variables, derivation and validation within narrow patient cohorts, and a
focus on death alone as the outcome of interest. As a consequence, we have limited insights
into how various factors relate to prognosis across different categories of left ventricular
ejection fraction (LVEF) for both fatal and non-fatal endpoints. With the changing
epidemiology of HF over the past several decades, the majority of patients with HF in the
United States now have preserved LVEF (HF-PEF) rather than reduced LVEF (HF-REF).10
While HF-PEF patients have high rates of adverse outcomes,11 12 there are very limited
clinical trial data to guide treatment in these patients. Another notable knowledge gap
involves the subset of patients with neither preserved nor frankly reduced LVEF (i.e.,
borderline or mildly reduced LVEF [HF-BREF]). As such, it is unclear under what
circumstances and to what extent we can and should be grouping HF patients together with
varying level of LVEF for risk assessment, versus considering risk uniquely in different HF
patient populations.

Understanding the relative importance of common predictor variables for important clinical
outcomes among different groups of left ventricular systolic function should provide needed
clarity to the field of HF risk prediction. Therefore, the objective of this study was to model
a common set of demographic and clinical characteristics across categories of LVEF for
predicting death and hospitalization in a large, multi-center, community-based,
contemporary cohort of adults with HF.

Methods

Patients

The Cardiovascular Research Network (CVRN) served as the source population.13
Participating sites for the current analysis were Kaiser Permanente Northern California,
Kaiser Permanente Colorado, Kaiser Permanente Northwest, and the Fallon Community
Health Plan.1# Participating sites provide care to an ethnically and socioeconomically
diverse population across varying clinical practice settings and geographically diverse areas.
A Virtual Data Warehouse at each site served as a distributed standardized data resource
comprised of electronic datasets, populated with linked demographic, administrative,
ambulatory pharmacy, outpatient laboratory test results, and health care utilization data
(ambulatory visits and network and non-network hospitalizations with diagnoses and
procedures) for members receiving care at participating sites.1® Institutional review boards
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at participating sites approved the study and waiver of consent was obtained due to the
nature of the study.

We first identified all persons aged >21 years with diagnosed HF between January 1, 2005
and December 31, 2008. Patients were included if they were hospitalized with a primary
discharge diagnosis of HF and/or had =3 ambulatory visits with a diagnosis of HF with at
least one visit being with a cardiologist during the sampling frame. We used the following
International Classification of Diseases, 9"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.x. Prior studies have shown a
positive predictive value of >95% for HF based on this inpatient coding algorithm when
compared against chart review and Framingham clinical criterial6-18,

Assessments of left ventricular systolic function were ascertained for each HF patient from
echocardiograms, radionuclide scintigraphy, other nuclear imaging modalities, and left
ventriculography test results available from site-specific databases complemented by manual
chart review. We defined 3 categories of left ventricular systolic function: preserved (HF-
PEF) as a reported quantitative LVEF =50% or a physician's qualitative assessment of
“preserved” or “normal” LVEF; borderline reduced (HF-BREF) as LVEF 41-49% or
“mildly” decreased; and reduced (HF-REF) as LVEF <40% or “moderately” or “severely”
reduced.19 If the quantitative and qualitative assessments disagreed, the summary qualitative
measure was used. The measure obtained closest to but after the index date of study entry
was used. Patients without a documented LVEF measurement were excluded from the
cohort (N=6,998; 18.9%).

Variables included in the respective models were chosen a prioribased on previously
published HF prognostic models3- and availability within the VDW. We determined the
presence of coexisting illnesses based on diagnoses or procedures using relevant ICD-9
codes, laboratory results, or filled outpatient prescriptions from health plan databases, as
well as site-specific diabetes mellitus and cancer registries. We collected baseline and
follow-up data on diagnoses and procedures based on previously described 1ICD-9 codes and
CPT procedure codes.20 We ascertained available ambulatory results for blood pressure,
cholesterol measurements, and hemoglobin level on or before the index hospitalization and
during follow-up from health plan ambulatory visit and laboratory databases. Some
potentially available factors known to correspond with risk were nonetheless excluded due
to technical issues. Covariates notably missing from model construction included medication
use, serum natriuretic peptide levels, and measures of renal function.

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 prior
studies.1* 17 Hospitalizations were determined from each site's VDW. Hospitalizations for
HF were identified from each site's VDW based on a primary discharge diagnosis for HF
using the same inclusion criteria ICD-9 codes described previously.

Statistical Analysis

All analyses were conducted using SAS statistical software, version 9.1 (Cary, NC). We
characterized baseline patient demographic and clinical characteristics stratified by LVEF
categories. Continuous variables were categorized using cut points chosen based on
clinically meaningful values. Missing covariate data for continuous variables were treated as
a separate category. Due to large sample size, in addition to P-values we also calculated D-
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values from the standardized difference between means across LVVEF strata to compare the
magnitude of difference between groups. We considered a value of d > 0.1 to signify a
meaningful difference.

We constructed multivariable extended Cox regression models for each outcome stratified
by LVEF category. All variables listed in Table 1 were considered for model inclusion and
those with a p-value <0.2 at baseline comparison for each outcome within each LVEF strata
were included in the final regression model. Subjects were censored at the time they
disenrolled from the health plan or reached the end of study follow-up on December 31,
2008; patients were also censored at the time of death for hospitalization models. We
applied a robust sandwich estimator to account for clustering of multiple observations within
the same subject and explored whether additional adjustment for clustering at the site level
was necessary.

In order to assess whether the association of a potential predictor variable differed based on
LVEF category, we calculated interaction model results for HF-PEF versus HF-REF and
separately for HF-BREF versus HF-REF for each of the 3 outcomes. In order to maintain
simplicity for interpretation, we dichotomized categorical variables at the median value. We
calculated p-values and hazard ratios associated with each interaction (e.g., gender*LVEF
category) for the outcome of interest. Due to the systematic nature of the analysis thereby
creating multiple comparisons, we chose to highlight only those interactions with a P-value
of <0.01 (recognizing that a highly conservative Bonferroni correction for approximately
150 tests of interaction would use a P-value of 0.0003 for significance).

We identified 30,094 adults with HF. Their mean age was 74 years, and 46% were women
(Table 1). Overall, 49.5% of patients had HF-PEF, 16.2% had HF-BREF, and the remaining
34.3% had HF-REF. There was a high burden of co-morbidity across all LVEF categories.
Median follow-up was 1.8 years (interquartile range 0.8-3.1). During follow up 8,060
(26.8%) patients died, 8,108 (26.9%) were hospitalized for HF, and 20,272 (67.4%) were
hospitalized for any reason. In comparison to the study cohort, patients excluded due to
absence of an LVEF measure were older (mean age 75.6 v. 73.7 years, p <0.001), more
often white (78.9% v. 75.3%, p <0.001), trended towards more often female (47.3% v.
46.0%, p=0.06), had more prevalent HF (73.0% v. 60.1%, p<0.001), had less myocardial
infarction (12.3 v. 13.9%), and generally had more comorbidity, including cerebrovascular
disease (23.0% v. 21.1%, p<0.001), diabetes (26.2% v. 24.0%, p<0.001), dementia (10.0%
V. 7.3%, p<0.001), and chronic lung disease (43.3% v. 41.1%); during follow up there was
not a significant difference between death (27.8% for those without a measure of LVEF,
p=0.08) but lower rates of HF hospitalization (22.6%, p<0.001) and all-cause hospitalization
(63.4%, p<0.001).

In multivariable Cox models for all-cause death (Figure, Panel A), advanced age and severe
anemia showed the strongest association with the outcome across all strata of LVEF
(recognizing that models did not include a measure of renal function). Only systolic blood
pressures <100 mmHg showed significant association with increased mortality. Past medical
history factors were either neutral or weakly associated with death, except for prior coronary
revascularization which was associated with survival.

In multivariable models for hospitalization from HF (Figure, Panel B), advanced age and
anemia continued to be strong predictors of the outcome across all strata of LVEF. Only
patients older than age 85 years appeared to have a significantly increased risk of HF
hospitalization. Hypertension, more than hypotension, was predictive of HF hospitalization.
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A variety of medical history carried small increased risk of HF hospitalization; notably prior
coronary revascularization was not associated with hospitalization from HF.

Multivariable models for all-cause hospitalization (Figure, Panel C) were quite similar to
those for HF hospitalization, despite the majority of all-cause admissions having a non-HF
primary discharge diagnosis code. Anemia continued to show the largest adjusted hazards
ratios for the outcome. Progressive hypertension was increasingly predictive of all-cause
hospitalization; systolic blood pressure <100 mmHg was also associated with an increase in
all-cause hospitalization, creating a U-shaped association for systolic blood pressure overall.
Advanced age was not predictive of all-cause hospitalization, except for mild associations in
the HF-BREF group and at age =85 years in the HF-REF group.

We found that multivariable models for each of the 3 outcomes were highly consistent
across HF-PEF, HF-BREF, and HF-REF patients (Figure; complete data included as tables
in the supplemental material). In simplified interaction models (Table 2), very few of the
risk factors had a significant interaction with LVEF for any of the 3 outcomes (using P-value
<0.01). For the outcome of all-cause mortality, only a baseline history of dyslipidemia and
hypertension performed differently by HF-PEF versus HF-REF and only low-density
lipoprotein differed by HF-BREF versus HF-REF. For the outcome of heart failure
hospitalization, only systolic blood pressure differed by HF-PEF versus HF-REF and only
age differed by HF-BREF versus HF-REF. For the outcome of all-cause hospitalization,
only systolic blood pressure differed by HF-PEF versus HF-REF and only age and
hemoglobin differed by HF-BREF versus HF-REF.

Discussion

Within a large, contemporary, multicenter cohort of patients with HF, we found that
commonly available risk factors carried surprisingly similar prognostic information for a
variety of outcomes across all LVEF categories. Despite the existence of a variety of
published HF risk models, this systematic assessment of relative risk factor performance
across three LVEF strata for death, HF-related hospitalization, and all-cause hospitalization
within a diverse, representative HF population provides novel HF risk information. For
example, the popularized Seattle Heart Failure Model* was derived and validated in
randomized trial populations of patients with HF-REF. Its performance has subsequently
been tested in a variety of other cohorts, including patients with a range of LVEF,21.22 byt
this piece-meal approach makes comparisons of individual risk factor performance across
different LVEF categories more difficult. Others have begun to look at the comparative
prognostic performance of single risk factors by LVEF categories, such as a recent analysis
showing that for a given serum B-type natriuretic peptide level the prognosis is essentially
the same for patients with HF-PEF as those with HF-REF.23 Here the analytic approach was
specifically designed to provide information on comparative risk factor performance across
a wide range of covariates by LVEF categories. We essentially found that none of the risk
factors consistently interacted with LVEF.

While LVEF dictates responsiveness to certain HF therapies,?4 our data demonstrate that
common risk factors have quite similar prognostic performance across major strata of
LVEF. The number of statistically significant differences in risk factor performance across
LVEF strata in our models were not much different than would have been predicted by
chance alone. We conclude that a parsimonious approach to HF risk modeling is appropriate
in most circumstances, at least for discrimination among singular endpoints. This may have
important practical implications for HF risk stratification efforts, particularly since LVEF
has been difficult to automatically extract from most electronic medical records without
manual chart review.
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Our findings extend those of previous HF risk studies, particularly into the population of
patients with HF-PEF and HF-BREF. Our results are consistent with several smaller studies
of hospitalized patients with HF-PEF, which have observed higher risks of hospitalization in
patients with diabetes, depressive symptoms, and anemia2>-2’.

Potential Limitations

Conclusion

Due to the large sample size, some associations within individual risk models may be
statistically significant but not clinically meaningful. More important, even with the relative
power of this sample size we found strikingly few statistically and even fewer clinically
significant differences between risk models, strengthening the primary conclusion that risk
factor and overall model performance was quite similar within LVEF strata. Second, insured
populations in our participating health plans may not be fully representative of the general
population. Nevertheless, the breadth of geographic and demographic diversity represented
across 4 geographically diverse health plans, as well as the community-based nature of
health care delivery, suggest that findings from our cohort are likely to be highly
generalizable to HF patients with any level of LVEF in “real-world” practice settings. This
is in stark contrast to previously reported studies focused on highly selected patient samples
enrolled into clinical trials or referral-based tertiary care academic medical centers. Finally,
model construction did not include an exhaustive list of all previously known risk factors for
adverse outcomes in HF. For example, measures of renal function, natriuretic peptide levels,
and medication utilization were absent from the list of independent variables. Unlike the
construction of risk models for clinical use where the goal is to optimize prognostic
performance, the purpose of this analysis was to compare the relative performance of a
variety of predictor variables across clinically important LVEF categories for common
clinical end points. While inclusion of additional predictor variables may have led to
quantitative adjustments in the reported adjusted hazards ratios (e.g., degree of association
of anemia in a model with and without a measure of kidney dysfunction), meaningful
relative comparisons across LVEF strata and clinical outcomes should qualitatively not be
contingent upon a single variable. Additionally, both natriuretic peptide levels and measures
of renal function have been shown to be strongly predictive in both HFPEF and HFREF
populations such that their addition to the current analysis would not be expected to disrupt
the overall symmetry seen with the current list of covariates?3.

This study systematically assessed predictor covariate performance across clinically
important LVVEF strata for relevant clinical outcomes. We found that in a large
contemporary HF population, despite important therapeutic distinctions currently dictated by
LVEF, risk assessment was strikingly similar regardless of LVEF. These data suggest that
HF risk models using traditional risk markers can be applied to broad HF populations.
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Clinical Summary

Heart failure (HF) is generally associated with high morbidity and mortality, but
prognosis can vary significantly between patients. A variety of risk models exist to help
risk stratify patients, thereby refining patients' and families' expectations for the future,
guiding decisions around aggressiveness of care, and enabling for case mix adjustment in
institutional outcome measures. Although HF is a syndrome with important differences in
response to therapy by left ventricular ejection fraction (LVEF), existing models are
typically derived and validated without careful consideration of potential differences in
risk factor performance by LVEF. Therefore, we systematically assessed the relative
performance of risk factors across clinically important LVVEF strata for the relevant
clinical outcomes of death and hospitalization. We found that in a large contemporary HF
population, risk assessment was strikingly similar regardless of LVEF; we identified no
clinically important interactions between LVEF and a wide range of predictor variables.
These data suggest that it is unlikely for LVEF-specific HF risk models to provide
markedly better prognostic information than general HF risk models; a parsimonious
approach of HF risk modeling using traditional risk markers derived from broad HF
populations appears reasonable.
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A. Death
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B. HF HOSp Preserved Borderline Reduced
LVEF LVEF LVEF

Age group, year
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Medical History

Prevalent heart failure
Acute myocardial infarction
Unstable angina
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Ischemic stroke or TIA

Other thromboembolic event
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C. All-Cause Hosp Preserved Borderline Reduced
LVEF LVEF LVEF

Age group, year
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Other thromboembolic event

Atrial fibrillation or flutter °
Ventricular fibrillation or tachycardia

Mitral or aortic valve disease °
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Cardiac resynchronization therapy
Implantable cardioverter defribillator
Pacemaker
Dyslipidemia .
Hypertension .
Diabetes mellitus .
Hospitalized bleed o
Diagnosed dementia
Diagnosed depression 0
Chronic lung disease .
Chronic liver disease
Mechanical fall *
Systemic cancer
Hemoglobin, g/L
>16 -
15.0-15.9 -

o

[

o".‘.‘.’

¢
¢

14-149
13.0139
120129 °
11.0-11.9 °
10.0-10.9 Py
9099 P
<90 -
Missing -
Systolic blood pressure, mmHg
2180 -5
160-179 *
140-159 .
130-139 o
121-129 pd

.

.

¢
ot
ot td

]
)

3]
¢

110-120

100-109

<100 °
Missing -
Total cholesterol, g/dL

>240 >
200-240 Y
<200 °
Missing. P
LDL cholesterol category, g/dL

>200

160-199
130-159
100-129
70-99
<70
Missing
Serum sodium, mmol/L
2150
140-149
130-139
<130
Missing

14 o0 . - P Y *
h I{m ;Hn I, '
..} i“hu fo44 i...-o..* )

°
5
5
°
5
8
5

01 1.0 100

Figure.

Multivariable predictors of various clinical outcomes among 30,056 adults with heart failure
and documented left ventricular systolic function assessment (2005-2008). Panel A: death
from any cause across LVEF strata; Panel B: hospitalization for heart failure across LVEF
strata; Panel C: hospitalization for any cause across LVEF strata. HDL included in
modeling, but not shown in Forest plots; see supplemental material for full model details.
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