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Abstract

Background—The Seattle Heart Failure Model (SHFM) is a well-validated prediction model of
all-cause mortality in patients with heart failure, but its relationship with generic health status
measures has not been evaluated. We sought to investigate relationships between SHFM scores
and health utility weights, which are necessary to estimate quality-adjusted life-years in cost-
effectiveness analyses.

Methods and Results—We applied mixed linear regression to examine relationships between
baseline SHFM scores and EQ-5D—derived health utilities collected longitudinally in a large
clinical trial. A 1-unit increase in SHFM score (higher predicted mortality) was associated with a
0.030 decrease in utility (< .001) and an additional 0.006 decrease per year (P < .001). With
SHFM score modeled as a categorical variable, EQ-5D utilities for patients with rounded SHFM
scores of 1 or 2 were significantly lower (-0.041 and —0.053, respectively; both < .001) and
declined more rapidly over time (-0.011 and —0.020, respectively; both £<.004) than for patients
with scores of -1.

Conclusion—Patients with higher SHFM-predicted mortality had significantly lower health
utilities at baseline and greater rates of decline over time, compared with patients with lower
SHFM-predicted mortality. These relationships can be applied when examining the cost-
effectiveness of heart failure interventions.
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Introduction

Methods

The development and implementation of disease management programs represent a major
advance in the care of patients with heart failure. These programs are generally associated
with better clinical outcomes, including lower readmission rates and higher survival rates,12
but the specific characteristics of disease management programs vary. As they are
implemented more broadly, heart failure disease management programs are under increasing
pressure to demonstrate their cost-effectiveness in comparison with other approaches to
improving patient outcomes.3

To assist researchers in conducting economic evaluations, our group is developing a
generalized probabilistic disease simulation model to evaluate the cost-effectiveness of heart
failure disease management programs.# The Tools for the Economic Analysis of Patient
Management Interventions in Heart Failure (TEAM-HF) Cost-Effectiveness Model
generates patient-level predictions of survival time using the Seattle Heart Failure Model
(SHFM), an externally validated, multivariable risk model that estimates survival time in
patients with heart failure on the basis of clinical, laboratory, and treatment characteristics.®
The SHFM survival estimates are then adjusted for between-patient differences in health-
related quality of life over time using utility weights to derive estimates of quality-adjusted
life-years (QALYSs), the key measure of effectiveness in cost-effectiveness (or cost-utility)
analyses.

To facilitate development of the TEAM-HF Cost-Effectiveness Model, we previously
examined relationships between SHFM scores and medical resource use and costs and found
that SHFM scores predicted medical resource use and costs among patients enrolled in Heart
Failure and a Controlled Trial Investigating Outcomes of Exercise Training (HF-ACTION).6
In the present study, we explored baseline and longitudinal relationships between SHFM
scores and health utilities, as measured with the EQ-5D, in the same population.

Study Population

HF-ACTION was a multicenter, randomized controlled trial designed to evaluate the
efficacy and safety of aerobic exercise training plus usual care, compared with usual care
alone, in patients with chronic heart failure.” Eligible participants had New York Heart
Association (NYHA) class Il to IV heart failure with left ventricular ejection fraction of
35% or less at baseline. The trial enrolled 2331 patients between April 2003 and February
2007 with a mean follow-up of 2.5 years. The primary end point consisted of a composite of
all-cause mortality or hospitalization and was observed in 65% of patients randomly
assigned to receive exercise training plus usual care versus 68% of patients randomly
assigned to receive usual care alone (hazard ratio [HR], 0.93; 95% ClI, 0.84-1.02; P=.13).8

Health Utilities

The EQ-5D is a widely used generic, multidimensional measure of health status in 5
domains: mobility, self-care, usual activity, pain/discomfort, and anxiety/depression.® It has
been incorporated into numerous clinical trials to evaluate the impact of medical
interventions and to generate estimates of QALY's for use in cost-effectiveness analyses with
proven validity and reliability.19-12 The version of the EQ-5D administered to participants in
HF-ACTION (ie, the EQ-5D-3L) allowed 3 possible response options in each domain,
representing no problem, some/moderate problem, or severe/extreme problem.
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In HF-ACTION, the EQ-5D was administered at baseline, every 3 months for the first year
of follow-up, then annually and at the final study visit. We converted each set of 5 responses
to a single summary index score representing a utility weight. The utility weights were based
on valuation scores collected from a representative sample of the US population, with 1
denoting perfect health and 0 denoting death.13

SHFM Scores

For each patient, 20 variables representing clinical, treatment, and laboratory characteristics
are required to derive the SHFM score.? Three of the required variables (percent
lymphocytes, uric acid, and allopurinol use) were not collected in HF-ACTION. Therefore,
we generated predicted values for percent lymphocytes and uric acid at the patient level
using multivariable linear regression models developed from the original SHFM cohort, and
we assumed no allopurinol use. For patients with missing values for cholesterol (35%),
hemoglobin (24%), or sodium (11%), we imputed the data using mean values. We limited
the analysis to patients with rounded SHFM scores between -1 and 2.

Statistical Analysis

Results

We report means and SDs for continuous variables and frequencies and percentages for
categorical variables. To evaluate the relationships between SHFM scores and health
utilities over time, we applied mixed linear regression modeling, a widely used approach for
analyzing longitudinally collected data. We constructed 2 models. In the first, we analyzed
SHFM scores as a continuous variable; in the second, we analyzed SHFM scores as a
categorical variable using rounded values (-1, 0, 1, and 2). For both models, the dependent
variable was the EQ-5D—derived health utility, and the independent variables included a
variable representing the patient's baseline SHFM score, a variable corresponding to the
timing of the utility assessment relative to baseline (in years), and interactions between
SHFM scores and time to evaluate whether longitudinal changes in health utilities differed
across baseline SHFM scores.

In the base-case analysis, we used utility scores available prior to death. To evaluate the
influence of death on changes in utility scores, we conducted a sensitivity analysis in which
we assigned a utility score of 0 at the time of death for patients who died and included those
values in the regression analyses.

We used SAS version 9.2 (SAS Institute Inc, Cary, North Carolina) for all analyses.

Of the 2331 patients in HF-ACTION, SHFM scores were derived for 2293 (98%). Among
these, 2282 patients had rounded SHFM scores between -1 and 2. Table 1 shows the
baseline characteristics of the study population. Mean age was 59 years, 28% of the patients
were women, 64% had NYHA class Il heart failure, 36% had NYHA class Il heart failure,
and 1% had NYHA class IV heart failure.

The mean utility derived from the EQ-5D administered at baseline was 0.808 (SD, 0.141;
median, 0.82; interquartile range [IQR], 0.76 to 0.86). The mean baseline SHFM score was
0.24 (SD, 0.64; median, 0.18; IQR, —0.20 to 0.63), corresponding to a predicted 1-year
survival rate of 95.0% and an observed 1-year survival rate of 95.2% in HF-ACTION. Table
2 shows mean utilities corresponding to rounded SHFM score groups. The mean utilities
were 0.822, 0.820, 0.783, and 0.768 for the rounded SHFM scores of -1, 0, 1, and 2 (Table
2), corresponding to predicted 1-year survival of 98.5%, 96.0%, 89.6%, and 74.1% and
predicted 3-year survival of 95.6%, 88.6%, 71.8%, and 40.7%.
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Table 3 shows the results of both the base-case and sensitivity analyses evaluating
relationships between SHFM scores and EQ-5D health utilities over time. In the base-case
analysis, when we modeled the SHFM score as a continuous variable, each 1-unit increase
in the SHFM score was associated with a 0.030 decrease in EQ-5D utilities (P < .001).
Although the main effect of time was not statistically significant (£=.16), the interaction
term indicated that EQ-5D utilities decreased by an additional 0.006 points per year with
each 1-unit increase in SHFM score (P < .001). When we modeled the SHFM score as a
categorical variable, patients with rounded scores of 1 and 2 had significantly lower EQ-5D-
derived utilities (-0.041 and —0.053 per year, respectively; P< .01 for both) and experienced
accelerated declines in utilities over time (-0.011 and —0.020 per year, respectively; £ < .004
for both) than patients with rounded scores of —1. EQ-5D—derived utilities for patients with
rounded SHFM scores of 0 did not significantly differ from utilities for patients with
rounded scores of —1 at baseline (—0.002; £=.81) and did not experience an accelerated
decline in utilities over time (-0.005 per year; £=.12). Figure 1 displays the predicted
trajectories of health utilities over the 5-year period for each of the rounded SHFM score
groups for the base-case analysis.

In the sensitivity analysis, for which we included utility scores of 0 to reflect mortality for
patients who died, the longitudinal effects were magnified with an annual utility reduction of
0.0373 for every 1-unit increase in SHFM score (Table 3) when the SHFM score was
modeled as a continuous variable (£ <.001). When we modeled the SHFM score as a
categorical variable (Table 3), patients with rounded scores of 1 and 2 reported significantly
lower utilities than patients with rounded scores of -1 (-0.053 and —0.091, respectively; P
<.001 for both) and experienced accelerated declines in utilities over time (-0.034 and —
0.072 per year, respectively; £<.001 for both). Relative to patients with rounded SHFM
scores of —1 at baseline, EQ-5D utilities were not significantly different for patients with
rounded SHFM scores of 0 (-0.005; P=.67), but these patients experienced significantly
accelerated rates of decline in utilities over time (-0.019 per year; £< .001).

Discussion

In both the base-case and sensitivity analyses of data from HF-ACTION, we found
significant inverse relationships between SHFM scores and EQ-5D health utilities. Patients
with greater risk of mortality according to SHFM scores had significantly lower health
utilities overall and experienced greater rates of decline in health utilities over time,
compared with patients at lower mortality risk. Although the SHFM has been used
extensively as a prediction tool or risk-adjustment factor in investigating clinical outcomes
in heart failure, ours is the first study to examine relationships between SHFM scores and
health utilities over time.

In decision-analytic models evaluating the cost-effectiveness of various therapeutic and
disease management programs in heart failure, physiologic measures and clinical outcomes
such as NYHA class and number of hospitalizations have been widely used to define health
states.14-17 Although NYHA class and readmissions generally represent progression of
disease and are a convenient means of defining health states for decision-analytic models,
health utilities may vary considerably across patients with lower and higher levels of
functioning within a given NYHA class.12:16 In addition, NYHA class, as a subjective
assessment of functional status, has been reported to have considerable variation, and the
interobserver agreement was only 55%.1819 In contrast, SHFM score, derived using a
patient's demographic characteristics and clinical, treatment, and laboratory data, is less
prone to subjective variability. At baseline in HF-ACTION, SHFM scores for patients with
NYHA class Il symptoms ranged from —1.435 to 2.476, which correspond to a predicted 3-
year survival of 97.15% to 23.57%. With the wide application of the SHFM score in both
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clinical practice and research in heart failure, we sought to use SHFM scores to model
changes in health utilities over time as an alternative to NYHA class.

We have nearly completed the development of a Web-based TEAM-HF cost-effectiveness
analysis model to help clinicians and researchers conduct high-quality economic evaluations
of disease management programs in heart failure.* The TEAM-HF cost-effectiveness
analysis model was designed to handle various study designs, including parallel clinical trial
cohorts, pre-post study designs, and hypothetical cases. The model SHFM scores are
generated for hypothetical patients according to input variables specified by the user and
generates predicted estimates of medical resource use, costs, and utility weights across
estimated survival time based on SHFM scores.

Our analysis has several limitations. First, although data on 17 of the 20 variables needed to
compute SHFM scores were collected in HF-ACTION, we did not have patient-level
information on lymphocytes, serum uric acid level, and allopurinol use, and a small
proportion of patients were missing laboratory values. We do not expect that any significant
bias was introduced by imputing percent lymphocytes or uric acid levels using patient-level
characteristics based on externally generated prediction models derived from the original
SHFM cohort, but the assumption that no patients received allopurinol likely biased the
findings toward the null hypothesis of no relationship between SHFM scores and health
utilities. The extent of actual allopurinol use could be expected to range from 4% to 18%, as
reported in the external data sets used to validate the SHFM.® To evaluate the impact of
missing data imputation using the prediction models, we applied alternative imputation
strategies and reevaluated the relationships between SHFM scores and health utilities.
Among the external data sets used to validate the SHFM, patients in HF-ACTION were
most similar to patients in Val-HeFT based on mean NYHA class (2.4 for both).> In Val-
HeFT, the reported mean value for uric acid was 7.5 mg/dL, and the mean value for percent
lymphocytes was 25. We applied these mean values to the HF-ACTION cohort, assumed no
use of allopurinol, and recalculated the SHFM scores. When the SHFM score was modeled
as either a continuous variable or a categorical variable, we obtained consistent results with
similar magnitude of effects as in the base-case analysis. The only exception was when the
SHFM score was modeled as a categorical variable in which the decrease of health utilities
over time for patients with a rounded SHFM score of 2 was not statistically significantly
different from that for patients with a rounded SHFM score of -1 (P=.12). However, we
believe this was due to lack of statistical power, given that the number of patients with a
rounded SHFM score of 2 decreased from 90 to 48.

Second, health utilities were derived in HF-ACTION from the 3-level version of the EQ-5D.
Despite all of the participants having a diagnosis of heart failure, approximately 21% at
baseline and 30% at some point during the follow-up period provided responses indicating
no problems or limitations in each of the 5 domains (mobility, anxiety/depression, self-care,
usual activities, pain/discomfort) represented in the EQ-5D. Although the EQ-5D has been
used extensively and has demonstrated validity and reliability, its ability to discriminate
between small to moderate differences in health status between individuals or over time for
individuals has been identified as a limitation.2 The 5-level version of the EQ-5D was
developed to address this issue,29 but that version was not available at the time HF-ACTION
began enroliment.

Third, HF-ACTION selectively enrolled heart failure patients with the capacity to perform
exercise, so the study population consisted of relatively healthy patients. At baseline, 63% of
the 2331 randomized patients had NYHA class Il symptoms. However, 831 (36%) had
NYHA class Il symptoms. Also, some patients experienced disease progression over 2.5
years of follow-up. Thus, our findings are primarily representative of the decline in health
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utilities that would be expected among NYHA class 11 and class 111 heart failure patients and
underrepresent what would be expected in patients with more advanced disease. We propose
future research examining the relationships between SHFM scores and health utilities
include more heterogeneous heart failure populations, especially NYHA class 1V patients,
and in various clinical settings to evaluate whether our findings can be corroborated and
whether similar relationships exist in patients with more advanced disease.

In conclusion, our findings of significant relationships between SHFM scores and health
utilities at baseline and over time suggest that SHFM scores could be used in the
development of decision analytic models to evaluate the cost effectiveness of various
treatments or disease management programs in heart failure.
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Figure.
Predicted Heath Utilities by Rounded SHFM Scores From the Base-Case Analysis (Model
2)

Note: Predicted health utilities for the rounded SHFM score group of —1 increase non-
significantly over time.
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Table 3

Associations Between SHFM Scores and EQ-5D Health Utilities Over Time
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Base-Case Analysis Sensitivity AnaJysis*
Effect (95% CI) PValue | Effect (95% CI) P Value
Model 1: SHFM Score Modeled as Continuous Variable
Intercept 0.8227 (0.8170 to 0.8284) <.001 | 0.8170(0.8102 to 0.8238) <.001
Change in EQ-5D utilities per 1-unit increase in -0.0300 (-0.0382 to -0.0215) | <.001 -0.0405 (-0.0505 to -0.0305) | <.001
SHFM score
Change in EQ-5D utilities per year -0.0015 (-0.0035 to 0.0006) 0.16 -0.0164 (-0.0195 to -0.0134) | <.001
Additional change in EQ-5D utilities per year per 1- —-0.0062 (-0.0095 to —0.0030) | <.001 -0.0223 (-0.0271 to -0.0176) | <.001
unit increase in SHFM score
Model 2: SHFM Score Modeled as Categorical Variable

Intercept 0.8300 (0.8143 to 0.8457) <.001 0.8277 (0.8089 to 0.8466) <.001
SHFM score group

<-1 [Reference] — [Reference] —

0 -0.0021 (-0.0193 to 0.0151) 0.81 -0.0045 (-0.0251 to 0.0162) 0.67

1 -0.0409 (-0.0596 to —0.0222) | <.001 -0.0528 (~0.0753 to —0.0303) | <.001

22 —-0.0532 (-0.0849 to —0.0217) | 0.001 -0.0910 (-0.1287 to —0.0533) | <.001
Change in EQ-5D utilities per year 0.0035 (-0.0022 to 0.0092) 0.23 0.0013 (-0.0072 to 0.0098)) 0.77

Additional Change in EQ-5D Utilities per Year by SHFM Score group

SHFM score group

-1 [Reference] — [Reference] —

0 -0.0050 (-0.0112 t0 0.0013) | 0.12 -0.0193 (-0.0285 to —0.0010) | <.001

1 -0.0106 (-0.0175 to —0.0037) | 0.0025 —0.0342 (-0.0444 to —0.0241) | <.001

2 -0.0197 (-0.0329 to —0.0065) | 0.0035 -0.0724 (~0.0909 to —0.0538) | <.001

*
Results from the regression model including O utility weights after patients died.

J Card Fail. Author manuscript; available in PMC 2014 May 01.




