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Abstract
Background—Reports that patients with heart failure and anemia incur greater costs and
medical resource use have relied largely on data with limited clinical detail.

Methods—HF-ACTION, a large trial of exercise training in heart failure, recorded hemoglobin
at baseline. Medical resource use and hospital bills for inpatient and emergency department visits
were collected throughout the study. We analyzed hemoglobin as a continuous variable to evaluate
relationships with medical resource use and costs over 1 year.

Results—Among 1,763 patients with baseline hemoglobin levels, those with lower hemoglobin
levels tended to be older, African American, and women and to have more severe heart failure.
Lower hemoglobin was significantly associated with more hospital admissions, inpatient days,
outpatient visits, and urgent care or emergency department visits (all P < .005, unadjusted).
Although cost outliers influenced estimates, these observations were distributed across
hemoglobin levels. Mean 1-year costs across hemoglobin levels defined as ≤11, >11–12, >12–13,
>13–14, >14–15, and >15 g/dL were $21,106, $20,189, $16,249, $17,989, $13,216, and $12,492,
respectively (P < .001, unadjusted). Significant associations remained after multivariable
adjustment.

Conclusions—Patients with lower baseline hemoglobin levels experienced progressively
greater resource use and higher costs.
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Reports on the prevalence of anemia in patients with heart failure have ranged from 18% to
38%.1,2 Anemia has repeatedly been associated with poor health outcomes in patients with
heart failure.3,4 There is ongoing debate about whether anemia independently contributes to
poor outcomes or whether its relationship is confounded by coexisting risk factors that lead
to adverse outcomes. Furthermore, it is unclear whether treatment of anemia improves
health outcomes in heart failure. A meta-analysis of case-control, cohort, and randomized
studies suggested that use of erythropoiesis-stimulating agents (ESAs) was associated with
improvements in several markers of heart failure severity.5 Although publication bias and
other biases associated with nonrandomized studies may have contributed to these findings,
a secondary analysis of data from the Correction of Hemoglobin and Outcomes in Renal
Insufficiency (CHOIR) trial demonstrated the need for further study of ESAs in heart
failure,6 and such trials are ongoing (ClinicalTrials.gov identifiers NCT003582157 and
NCT00286182).

Anemia in patients with heart failure is also associated with greater use of medical resources
and higher costs.1,8–11 However, studies reporting these associations were largely based on
retrospective analyses of administrative claims data using diagnosis codes representing
anemia instead of actual hemoglobin levels and did not have disease-specific measures of
heart failure severity or other clinical details.7,8 In addition, some of these studies were
limited to hospitalized patients with heart failure,1,6 elderly patients with heart failure,8

patients undergoing cardiac catheterization in a single tertiary center, and patients treated
outside the United States.11 Furthermore, with the exception of Nordyke et al.,8 who
examined three groups, the studies compared patients with and without anemia instead of
evaluating relationships between hemoglobin level and health resource use and associated
costs.

A recently completed trial funded by the National Institutes of Health, Heart Failure: A
Controlled Trial Investigating Outcomes of Exercise Training (HF-ACTION), provided an
opportunity to use prospectively collected detailed clinical data to examine relationships
between hemoglobin level and measures of medical resource use and costs in patients with
heart failure.12,13 We hypothesized that patients with heart failure and lower hemoglobin
levels incur more hospitalizations, inpatient days, inpatient procedures, emergency
department visits, and outpatient visits than patients with heart failure and higher
hemoglobin levels over 1 year of follow-up. We also hypothesized that 1-year total direct
medical costs would be higher among patients with lower hemoglobin levels than among
patients with higher hemoglobin levels.

Methods
HF-ACTION was a multicenter randomized clinical trial designed to evaluate exercise
training plus usual care compared with usual care alone in patients with chronic heart
failure.14 Patients with New York Heart Association (NYHA) functional class II–IV heart
failure for ≥3 months and left ventricular ejection fraction ≤35% were eligible for
participation. Patients were required to be on optimal heart failure therapies at stable doses
for ≥6 weeks before enrollment (or have a documented rationale for variation, including
patient preference) and had to be sufficiently stable to begin an exercise training program.
Patients were excluded if they had recent or planned major cardiovascular events or
procedures or had conditions that could interfere with exercise training. The primary end
point was all-cause mortality or hospitalization.

A total of 2,331 patients were enrolled at 82 participating centers in the United States (n =
67), Canada (n = 9), and France (n = 6) from April 2003 to February 2007 and were
followed for a maximum of 4 years. The trial collected a wide range of information on
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patient characteristics, heart failure and other clinical measures, laboratory parameters,
health care resource use, and health-related quality of life. Baseline hemoglobin and serum
creatinine levels were recorded from patients’ medical charts and represented the most
recently documented levels up to 1 year before study enrollment.

Medical resource use data were collected quarterly for the first 2 years and yearly thereafter
on all patients participating in the trial. These data included all-cause hospitalizations,
including procedures and length of stay, urgent/emergent care visits, and nonurgent
outpatient visits and procedures. Because all-cause hospitalization was a component of the
primary efficacy end point in the trial, information pertaining to inpatient care was
confirmed and supplemented with review of patients’ medical records.

Estimated total costs included inpatient care and nonurgent, urgent, and emergent outpatient
care through 1 year. As part of the economic evaluation of exercise therapy,13 hospital
billing data were obtained for >80% of hospitalizations and emergency department visits
that occurred during the follow-up period. Department-level hospital charges were converted
to costs with the use of department-specific cost-to-charge ratios derived from each
hospital’s annual Medicare cost report. In cases for which bills for emergency department
visits were not available, the median cost estimated from collected bills was applied as a
proxy. In cases for which bills were not available for inpatient stays, imputed costs were
derived by multiplying the length of stay for each visit by estimates of median daily costs
that corresponded to 1 of 47 potential reasons for hospitalization, with an additional
adjustment to avoid overestimating costs for procedure-based visits typically characterized
by high costs and short stays. Medicare fee schedules were used to assign costs for inpatient
services provided by physicians, outpatient visits, and inpatient and outpatient procedures.
For hospitalizations that continued beyond 1 year, we calculated the daily cost of inpatient
care by dividing the total inpatient cost by the length of stay for the admission and summed
daily costs incurred up to 1 year beyond randomization. A detailed description of the applied
costing methods is available elsewhere.13 Costs were valued in 2008 US dollars.

Statistical Analysis
For baseline characteristics, we report frequencies with percentages for categorical variables
and means with SDs for continuous variables. For reporting purposes, we used integer
values of hemoglobin levels to categorize patients into 6 groups: ≤11 g/dL, >11–12 g/dL,
>12–13 g/dL, >13–14 g/dL, >14–15 g/dL, and >15 g/dL. In our statistical analysis,
hemoglobin level was analyzed as a continuous variable. We used analysis of variance to
evaluate relationships between hemoglobin level and categorical baseline variables and
Pearson correlation tests to evaluate relationships between hemoglobin level and continuous
baseline variables.

Distributions of resource use and costs were right-skewed. Therefore, we report medians
with interquartile ranges along with means and SDs. When evaluating use of medical care,
counts of medical resource use, and costs, we applied generalized linear models.
Specifically, we applied logit links and binomial distributions to model the proportions of
patients with ≥1 medical event (eg, hospital admission). We applied log links to model
exponential functional relationships between hemoglobin level and resource use and
between hemoglobin level and costs. We applied negative binomial distributions to model
the variance terms for 1-year counts of medical resource use and gamma distributions to
model the variance term for total 1-year costs. In the generalized linear models, we also
applied an offset variable to adjust for differential follow-up periods across patients. To
evaluate the potential influence of cost outliers, we winsorized the top 1% and top 5% of the
cost distribution and refitted the model. We also applied a robust regression method
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developed to analyze data with outliers. Specifically, we used a Huber M estimator that
applies reweighted least squares regression across multiple iterations.15

In adjusted analyses, the selection of covariates for each model was based on clinical
relevance, use in previous studies, and bivariate associations with hemoglobin level and with
measures of resource use and costs. Continuous covariates were centered around their
corresponding mean values. Continuous covariates in the models were age, body mass
index, resting heart rate, 6-minute walk distance, left ventricular ejection fraction, serum
creatinine level, blood urea nitrogen level, peak VO2 during cardiopulmonary exercise
testing, and hemoglobin level. Categorical variables in the models were race, hypertension,
diabetes mellitus, prior myocardial infarction, prior coronary artery bypass graft, prior
percutaneous coronary intervention, NYHA functional class, Canadian Cardiovascular
Society angina classification, and variables indicating use of angiotensin-converting enzyme
inhibitors, angiotensin receptor blockers, aldosterone antagonists, β-blockers, nitrates,
calcium channel blockers, loop diuretics, and digoxin. When developing the models, we
evaluated the relative contributions of adding quadratic terms for continuous variables and
evaluated the presence of multicollinearity by estimating variance inflation factors for each
covariate. Also, instead of parameterizing hemoglobin level as a continuous variable, we
evaluated whether the presence of anemia as defined by the World Health Organization (ie,
<13 g/dL for men and <12 g/dL for women) was independently associated with total
medical costs at 1 year. We used SAS version 9.1 (SAS Institute, Cary, North Carolina) for
all analyses.

Results
Of the 2,331 patients enrolled in HF-ACTION, hemoglobin levels were recorded for 1,763
(75.6%). Among patients with baseline hemoglobin values, mean duration of follow-up in
the trial was ~2.5 years. At 1 year, 91.2% of patients were alive and participating in the
study, 4.7% had died, and 4.1% had discontinued participation. Duration of follow-up was
similar across hemoglobin groups at 1 year (log-rank test: P = .49) despite generally higher
proportions of patients with lower hemoglobin levels dying within the first year, ranging
from 8.8% in the group with hemoglobin levels >11 g/dL through 12 g/dL to 2.6% in the
group with hemoglobin levels >14 g/dL through 15 g/dL (P = .001).

Lower hemoglobin level was significantly and positively associated with older age, shorter
6-minute walk distance, higher serum creatinine level, higher blood urea nitrogen level, and
lower peak VO2 (Table 1). Patients with lower hemoglobin level were significantly more
likely to be women, to be African American, and to have more severe heart failure. In
addition, prevalence of hypertension and diabetes were significantly higher among patients
with lower hemoglobin level. Use of chronic medications was similar across hemoglobin
levels, except for nitrates (P = .04) and loop diuretics (P < .001).

Unadjusted Results
Patients with lower hemoglobin level were significantly more likely to be hospitalized at
least once for heart failure (P < .001), cardiovascular reasons (P < .001), or any cause (P < .
001; Table 2). Similarly, lower hemoglobin level was significantly associated with greater
numbers of admissions and inpatient days for heart failure, cardiovascular reasons, and all
causes. The mean number of inpatient days incurred over 1 year from randomization ranged
from 3.6 days per patient among those with baseline hemoglobin level >15 g/dL to 7.6 days
per patient among those with hemoglobin level ≤11 g/dL. Relationships were similar for
emergency department and urgent care visits, with estimates ranging from 0.7 visits per
patient among those with the highest hemoglobin levels to 1.3 visits per patient among those
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with the lowest hemoglobin levels. Outpatient visits for nonurgent care were also
significantly greater among patients with lower hemoglobin level at baseline.

At 1 year of follow-up, cumulative medical costs averaged $16,234 per patient (SD
$39,275). The corresponding median was much lower ($2,975, interquartile range $821–
$16,392). Lower hemoglobin level was significantly associated with higher costs (P < .001;
Table 3). The majority of costs were attributable to inpatient care (Fig. 1). Mean costs were
almost 70% higher among patients with the lowest hemoglobin levels (≤11 g/dL) relative to
those with the highest hemoglobin levels (>15 g/dL).

Cost outliers were influential across hemoglobin groups, yet the negative association
between hemoglobin level and higher costs remained statistically significant after the top
1% and top 5% were winsorized (P < .001; Table 3). When we replaced the top 1% of cost
outliers with the 99th percentile value ($179,853), mean costs were $1,257 lower at $14,977.
When we replaced the top 5% of cost outliers with the 95th percentile value ($64,748), mean
costs were $3,861 lower at $12,373. Among the 89 patients in the top 5th percentile of costs,
20 underwent heart transplant and/or implantation of a left ventricular assist device. Among
those 20 patients, the mean hemoglobin level was 13.2 mg/dL (minimum 10.1, maximum
18.2). For the remaining 69 patients with the highest costs, the mean hemoglobin level was
13.4 mg/dL (minimum 10.2, maximum 17.0). These findings demonstrate that patients
undergoing heart transplant and left ventricular assist device implantation were not clustered
at the lower end of the hemoglobin level distribution. Therefore, neither these patients nor
the larger group of patients with the highest costs (ie, outliers) fully accounted for the higher
costs associated with lower hemoglobin levels.

When we stratified by the World Health Organization definition of anemia, mean total costs
at 1 year were $18,202 (SD $34,101) among 515 patients with anemia compared with
$15,422 (SD $41,206) among 1,248 patients without anemia, a difference of $2,780 (P = .
05).

Adjusted Results
Results from the multivariable regression models indicated that lower hemoglobin level was
significantly associated with more all-cause hospitalizations (means ratio 0.94; P = .01), but
independent relationships between hemoglobin level and cause-specific hospitalizations
were not statistically significant (Table 4). Each 1-unit decrease in hemoglobin level was
associated with a 10% increase in inpatient days (P = .003) and a 7.5% increase in
emergency department or urgent care visits across 1 year (P = .006).

The significant association between hemoglobin level and medical costs at 1 year remained
when we adjusted for baseline clinical characteristics and long-term medication use (Table
4). For each 1-unit decrease in hemoglobin level, expected medical costs at 1 year increased
by 8% (P = .003). This relationship was consistent when the top 1% and top 5% of the cost
distributions were replaced with the 99th percentile and 95th percentile values, respectively.
Results from the robust regression implemented with the Huber M estimator also
demonstrated a statistically significant association between lower hemoglobin level and
higher costs (P = .01). With this modeling strategy, which down-weights the influence of
outliers, each 1-unit decrease in hemoglobin level was independently associated with a $175
increase in 1-year medical costs (95% confidence interval [CI] $25–$291).

Multicollinearity between covariates was not identified across the multivariable models
evaluating the independent association between hemoglobin level and medical resource use
and costs (variance inflation factor <10). Also, the addition of quadratic terms to model the
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relationship between hemoglobin level and outcome variables did not significantly improve
the fit of the model.

When we dichotomized hemoglobin measures according to the World Health Organization
definition of anemia, the results of the multivariable generalized linear models indicated that
anemia was not significantly associated with total costs (means ratio 1.10, 95% CI 0.92–
1.32; P = .29). However, application of the robust regression approach indicated that the
presence of anemia was associated with statistically significant higher medical costs of $616
at 1 year (95% CI $140–$1,092; P = .01).

Discussion
Given the high prevalence of anemia among patients with heart failure, it is important to
characterize the relationship between hemoglobin level and medical resource use and costs.
These analyses demonstrate progressively greater medical resource use and higher costs
among patients with lower baseline hemoglobin levels.

The present study goes beyond simple comparisons of patients with and without anemia by
providing greater detail about resource use and costs across a spectrum of hemoglobin
levels. Most published studies of patients with heart failure have focused on the relationship
between the presence or absence of anemia and downstream medical costs. Allen et al10

evaluated the relationship between anemia and health care costs among patients with heart
failure who underwent diagnostic catheterization at a single center. They estimated mean 1-
year costs of $27,415 for patients with anemia and $23,162 for patients without anemia (in
2002 US dollars), but the cost difference of $4,253 was not statistically significant. Their
estimates were higher than the costs we found: $18,202 for patients with anemia and
$15,422 for patients without anemia. The higher costs reported by Allen et al11 may be a
result of selecting a sample of patients undergoing cardiac catheterization and higher costs
of care at a single tertiary center.

Studies by Nissenson et al1 and Ershler et al9 evaluated the impact of anemia on costs across
selected conditions including heart failure. Because those studies relied on diagnosis codes
to identify anemia, it is likely that hemoglobin levels in the patients were lower than if the
determination had been based on actual hemoglobin levels. Therefore, those studies likely
overestimated the impact of anemia on medical costs. However, a study by Nordyke et al8

used actual hemoglobin levels, grouping patients into categories of <10 g/dL, 10.0–11.9 g/
dL, and ≥12.0 g/dL. Although those authors analyzed medical charges instead of costs, they
also found progressively higher charges among groups with lower hemoglobin levels.

Compared with other published studies evaluating relationships between anemia and
medical resource use and costs, we had a greater ability to adjust for numerous baseline
characteristics, including several related specifically to severity of heart failure. Although
Allen et al11 had access to electronic data on comorbid conditions, laboratory data, and
results from diagnostic catheterization, they did not have heart failure–specific variables,
such as VO2 from cardiopulmonary testing or 6-minute walk distance. Other studies were
more limited, relying on information available in claims data such as basic demographic
information, diagnosis codes representing the presence of comorbid conditions, and
procedure codes.

We consistently found significant associations between hemoglobin level and medical costs
in multivariable regression analyses when we modeled hemoglobin as a continuous variable.
However, when we examined the impact of anemia as defined by the World Health
Organization, we did not find a statistically significant association. Dichotomizing
hemoglobin levels in this way can reduce statistical power and misclassify patients,
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especially those who are close to the hemoglobin threshold conferring anemia. Although our
analyses did not identify a threshold hemoglobin value beyond which medical resource use
and costs were notably higher, stratification into 6 groups on the basis of hemoglobin values
for descriptive reporting revealed a relatively consistent and progressive relationship
between decreasing hemoglobin values and greater medical resource use and costs. These
relationships were generally persistent at 2 years, but we chose not to report the findings
owing to greater incidence of death, which complicates cost comparisons, and considerable
administrative censoring upon completion of the trial.

Simulation studies have demonstrated that modeling cost data is complex, and no single
methodologic approach has demonstrated superiority.16,17 Over the past decade, generalized
linear models, particularly gamma models with log links, appeared to have gained
acceptance and have been widely applied in analyses of medical resource use and cost
data.18 More recently, however, regression approaches that allow for a flexible link function,
such as extended estimating equations,19 have demonstrated better fit, particularly for the
top deciles of distributions representing health care expenditures.18,20 However, successful
implementation of regression using extended estimating equations requires sample sizes on
the order of several thousand observations.16 Because we could not rely on the validity of a
single approach, we applied 2 regression approaches and evaluated the results when limiting
the influence of cost outliers and found consistent results between strategies.

Our findings of negative associations between hemoglobin level and medical resource use
and costs are compelling, given the lower severity of heart failure among patients enrolled in
HF-ACTION. Compared with the general heart failure population, HF-ACTION participants
were generally younger (median age 59 years) and were all deemed to be fit enough to
participate in an exercise training program. Also, given the high use of evidence-based
medical therapy received by HF-ACTION participants, they may have generally received
higher-quality care than that provided to patients in other settings.12

Among patients enrolled in HF-ACTION, almost one-fourth were excluded from our
analysis because they did not have a hemoglobin value recorded at baseline. Costs
associated with hemoglobin testing were not reimbursed as part of the trial. Therefore,
documentation relied on whether the patient’s health care provider ordered the test and
documented the results within the year before enrollment. The availability of only a single
baseline measurement of hemoglobin without an associated date of measurement did not
allow us to evaluate the chronicity of anemia. Given the increasing prevalence of anemia at
older ages and in more advanced phases of heart failure, we expect that hemoglobin
measures may be biased upward, especially given that the “baseline” hemoglobin
measurement could have occurred up to 1 year before baseline. The extent to which this may
have occurred is uncertain, considering that some patients may have received ESAs,
transfusions, or iron supplementation after the hemoglobin measurements used in our
analysis.

Our findings provide a detailed picture of medical resource use and costs across a spectrum
of hemoglobin levels in an outpatient heart failure population. From an epidemiologic
perspective, patients with heart failure are becoming older and are more likely to be female,
and these patients tend to have lower hemoglobin levels. The data we examined suggest that
hemoglobin is an independent predictor of medical resource use and costs, even after
adjustment for age and sex. Therefore, in comparisons of medical resource use or costs
across groups defined by other potential risk factors or treatments, it is insufficient to control
for differences in patients’ age and sex. Hemoglobin level should be included as a covariate
when possible. The estimates we report could also assist researchers undertaking disease
modeling studies to evaluate the potential cost-effectiveness of interventions designed to
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modify hemoglobin levels. However, it is critical to note that we did not present evidence
indicating that changing hemoglobin levels would influence medical resource use or costs.
The relationships between hemoglobin levels and medical resource use or costs may be
attributable to unmeasured confounders. Future studies designed to evaluate serial changes
in hemoglobin levels in patients with heart failure and the associated impact on medical cost
drivers would help to characterize whether both acute and chronic reductions in hemoglobin
levels have similar relationships with medical resource use and costs. High-quality evidence
to evaluate the potential cost impact of increasing hemoglobin levels in patients with heart
failure could be generated from ongoing clinical trials evaluating the efficacy of ESAs in
patients with heart failure and anemia.

In the present large study of well-characterized patients with heart failure, lower hemoglobin
levels were associated with higher costs and greater numbers of hospitalizations, emergency
department or urgent care visits, and outpatient visits. The significant association between
hemoglobin levels and total medical costs at 1 year remained after adjustment for numerous
baseline characteristics and use of evidence-based therapies. This study confirmed that
patients with lower hemoglobin levels used progressively greater medical resources and
incurred higher costs than patients with higher hemoglobin levels.
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Fig. 1.
Components of 1-year total medical costs by hemoglobin level.
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Table 4

Parameter Estimates for Hemoglobin as an Independent Predictor of Medical Resource Use and Total Costs at
1 Year

Resource Use Parameter Estimate for Hemoglobin (95% CI)* P Value

Heart failure admissions 0.93 (0.84–1.02) .12

Cardiovascular admissions 0.96 (0.91–1.02) .19

All-cause admissions 0.94 (0.89–0.99) .01

Inpatient days 0.91 (0.84–0.99) .03

Emergency or urgent care visits 0.93 (0.88–0.98) .006

Nonurgent outpatient visits 0.96 (0.93–0.99) .003

Total medical costs, all observations 0.92 (0.87–0.97) .003

Total medical costs, top 1% winsorized mean 0.92 (0.87–0.97) .001

Total medical costs, top 5% winsorized mean 0.92 (0.88–0.97) .001

*
Parameter estimates represent the relative impact on expected resource use/costs associated with a 1-unit increase in hemoglobin after adjustment

for the variables listed in Table 1.
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