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Comparison of the Effect of Anemia on In-Hospital Mortality
in Patients With Versus Without Preserved Left

Ventricular Ejection Fraction

Adriana Lopes Latado, PhDa,*, Luiz Carlos Santana Passos, PhDa, Eduardo S. Darzé, MDb,
and Antônio Alberto Lopes, PhDa

Patients with symptomatic heart failure (HF) frequently have preserved left ventricular
(LV) ejection fractions (LVEFs). Although anemia is a common finding in this patient
population, its prognostic role has not been well studied. This study’s aim was to assess if
the LVEF interferes in the association between anemia and in-hospital mortality in patients
with severe HF. Consecutive patients admitted to an intensive care unit with decompen-
sated chronic HF were prospectively enrolled. The diagnosis of HF was based on clinical
criteria. Patients with LVEFs >45% (on echocardiography) were diagnosed as having
preserved LVEFs. Multivariate analysis was performed to test the independent association
between anemia and in-hospital mortality and to evaluate an interaction between anemia
and systolic function. In all, 303 patients were recruited (mean age 69 � 13 years; 45.5%
women). Preserved LVEFs were present in 34% of the population. The prevalence of
anemia in this group was 58%, compared with 43% in the group with systolic dysfunction
(p � 0.01). Dilated left ventricles, left bundle branch blocks, and valvular dysfunction were
significantly more frequent in patients with systolic heart failure. In-hospital mortality was
similar in the groups with preserved LVEFs and systolic dysfunction (p � 0.71). On
multivariate analysis, anemia was independently associated with in-hospital mortality
(odds ratio 2.7, 95% confidence interval 1.43 to 5.04, p � 0.002). There was no interaction
between anemia and systolic function (p � 0.08 for interaction). In conclusion, anemia was
an independent predictor of in-hospital mortality in symptomatic patients with severe HF,
regardless of whether the patients had preserved or impaired LV systolic function. © 2006

Elsevier Inc. All rights reserved. (Am J Cardiol 2006;98:1631–1634)
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he prognostic role of anemia in patients with heart failure
HF) and preserved left ventricular (LV) ejection fractions
LVEFs) was the subject of 3 recent studies. Brucks et al1
emonstrated a high prevalence of anemia (42%) in patients
ith HF and preserved LVEFs. In that study, anemia was

ssociated with a nonsignificant trend toward worse sur-
ival. More recently, in 2 large cohorts of ambulatory pa-
ients with HF, anemia was an independent risk factor for
ong-term mortality, regardless of whether patients had pre-
erved or impaired LV systolic function.2,3 The aim of this
tudy was to evaluate if the LVEF altered the prognostic
alue of anemia in patients admitted to an intensive care
nit with decompensated chronic HF.

ethods

e consecutively selected patients admitted to the inten-
ive care unit of a tertiary care hospital with decompen-
ated HF from June 1, 2001, to December 1, 2003.
atients had to have �1 hospitalization for symptomatic
F during the previous year. Patients were excluded if
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hey had acute coronary syndromes as their main diag-
oses. This study complied with the Declaration of Hel-
inki,4 and its protocol was approved by the ethics com-
ittee of our institution. All patients provided informed

onsent before inclusion.
Clinical and laboratory data were obtained directly from

atients and their medical charts. The 12-lead electrocar-
iograms and laboratory results used for the analysis were
btained on admission. LVEFs were obtained from 2-di-
ensional echocardiograms and were available for 300 pa-

ients (99%).
HF was defined on the basis of a history of worsening

yspnea or dyspnea at rest and signs of fluid retention or
ow cardiac output.5 After the evaluation of the on-call
hysician, 2 investigators reviewed the patients’ clinical
ata to ascertain the diagnoses of HF before entering the
tudy. If necessary, echocardiographic results were used to
elp the diagnosis of HF. Anemia was defined using the
orld Health Organization’s6 criteria (hemoglobin �12

/dl in women and �13 g/dl in men). Renal dysfunction
as defined as a creatinine level �1.5 mg/dl. Hypona-

remia was considered present at a sodium level �136
Eq/L and severe at a sodium level �130 mEq/L. LVEF
as measured by echocardiography using Teicholz’s or

he modified Simpson’s formula. HF with preserved
VEF was defined by a LVEF �45%. Patients with

VEFs �45% formed the group with systolic HF.

www.AJConline.org
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Quantitative variables were compared using the unpaired
tudent’s t test and are described as mean � SD. Categor-

cal variables were compared using the chi-square test or
isher’s exact test and are described as proportions. Biva-
iate analysis was performed between anemic and nonane-
ic groups and between the groups with reduced and pre-

erved LVEFs. Bivariate associations were described as
elative risks (RRs) and their respective 95% confidence
ntervals (CIs). Stratified analysis and the Breslow-Day ho-
ogeneity test (significance level 20%) were used for the

nitial evaluation of interaction and confounding. Multivar-
ate analysis with nonconditional logistic regression was
sed for the final evaluation of the interaction between
nemia and LVEF on the mortality outcome. Logistic re-
ression models (using a backward strategy) were also used
n multivariate analysis for confounding of the association
etween anemia (the main independent variable) and in-
ospital mortality (the dependent variable). Variables were
elected for confounding analysis if the p values of their
ssociations with anemia were �10% or by their clinical
mportance. The significance level for all other associations
as 5% (2 sided). SPSS version 10 for Windows (SPSS,

nc., Chicago, Illinois) was used for analysis.

esults

hree hundred three patients were evaluated. Their mean
ge was 69 � 13 years, and 45.5% were women. The main
ause of HF was coronary artery disease in half of the
atients, followed by hypertension (25.4%) and primary
alvular heart disease (11.6%). In the overall population,
here were high prevalences of hypertension (78%), diabetes
ellitus (37.5%), atrial fibrillation (21.5%), and renal dys-

unction on admission (32%). HF with preserved LVEFs
as present in 103 patients (34.3%). Among patients with

able 1
aseline characteristics of patients according to left ventricular ejection fr

ariable

ge (yrs)
en
ypertension
iabetes mellitus

schemic etiology
hronic obstructive pulmonary disease
revious stroke
trial fibrillation*
eft bundle branch block*
reatinine (mg/dl)*
reatinine �1.5 mg/dl*
odium (mEq/L)*
odium �130 mEq/L*
nemia*
V dilation (echocardiography)
oderate to severe valvular dysfunction (echocardiography)

n-hospital mortality

* Admission variables.
† Only 300 patients (99%) had information about LVEFs.
V systolic dysfunction, the LVEF was �30% in 132 pa- p
ients (67%). Anemia on admission was also very common
47.5%). In-hospital mortality (52 patients) was 17.3%.

Table 1 lists the distribution of characteristics between
he groups with preserved and reduced LVEFs. Anemia was
ignificantly more frequent in patients with HF with pre-
erved LVEFs than in patients with systolic dysfunction
58.3% vs 42.6%, p � 0.01). There was no difference in
n-hospital mortality between the groups with preserved and
educed LVEFs (18.4% vs 16.8%, p � 0.71).

Sample characteristics in the groups with and without
nemia are listed in Table 2. Patients with anemia (n � 144)
ere older, had lower sodium levels, and had greater fre-
uencies of renal dysfunction, ischemic causes of HF, and
reserved LVEFs than patients without anemia.

Anemia on admission was significantly associated with a
igher risk for death during hospitalization (24.3% vs
0.7% in patients with and without anemia, respectively;
R 2.27, 95% CI 1.33 to 3.88). After stratified analysis, a
ositive association between anemia and mortality occurred
n the group with systolic dysfunction (RR 2.7) and the
roup with preserved LVEFs (RR 1.6) (Table 3). The results
f the Breslow-Day homogeneity test were not significant
p � 0.33).

Clinical variables included in the multivariate models for
onfounding analysis were gender, age, atrial fibrillation,
schemic cause of HF, diabetes mellitus, renal dysfunction,
yponatremia, and LV systolic function. After adjustment,
nemia remained independently associated with in-hospital
ortality (odds ratio 2.7, 95% CI 1.43 to 5.04, p � 0.002;
able 3). An interaction term was included in the multivar-

ate model, and no significant interaction was verified be-
ween anemia and LV systolic function relative to the mor-
ality outcome (p � 0.08 for interaction). We performed
dditional analysis (bivariate and multivariate) excluding

(LVEF)

LVEF† p Value

�45%
� 103, 34%)

�45%
(n � 197, 66%)

0.5 � 12.7 69.1 � 13.4 0.39
52 (51%) (57%) 0.29
85 (83%) 149 (76%) 0.17
34 (33%) 79 (40%) 0.23
48 (47%) 103 (52%) 0.35
12 (12%) 9 (5%) 0.02
15 (15%) 31 (16%) 0.77
21 (21%) 44 (23%) 0.70
12 (12%) 61 (31%) �0.01
1.7 � 1.1 1.5 � 1.2 0.35
35 (34%) 60 (30%) 0.53

139 � 5.5 139 � 6.3 0.67
7 (7%) 14 (7%) 0.94

60 (58%) 84 (43%) 0.01
45 (44%) 181 (93%) �0.01
51 (50%) 125 (64%) 0.02
19 (18%) 33 (17%) 0.71
action

(n

7

atients with HF due to valvular disease (11.6%), and the
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esults were similar (odds ratio 2.4, 95% CI 1.1 to 5.0, p �
.14 for interaction between anemia and LVEF).

iscussion

he present study demonstrated that anemia was a frequent
nding in patients hospitalized for severe decompensated
F (47.5%) and even more prevalent in those with pre-

erved LVEFs (58.3%). Additionally, it was shown, for the
rst time in this specific population, that anemia was an

ndependent predictor of in-hospital mortality, regardless of
hether patients had preserved or impaired LV systolic

unction.
Previous studies have already demonstrated a high prev-

lence of anemia in patients with chronic HF, as well as its
ndependent association with worse long-term survival.7–12

owever, the population used in these studies was com-
osed of ambulatory patients with HF and systolic LV
ysfunction (LVEF �40%), systematically excluding pa-
ients with preserved LVEFs, a group that represents up to
0% of the overall HF population.13 In our study, patients
ith preserved LVEFs constituted 34% of the overall pop-
lation. Therefore, it is necessary to investigate if predictors
f outcomes in systolic HF also have a prognostic impact on

able 2
aseline characteristics of patients with heart failure with and without an

ariable

Yes
(n � 144,

ge (yrs) 72 �
omen 73 (51
ypertension 114 (79
iabetes mellitus 60 (42

schemic etiology 81 (56
hronic obstructive pulmonary disease 12 (9%
revious stroke 25 (18
trial fibrillation* 37 (26
reatinine (mg/dl)* 1.8 �
reatinine �1.5 mg/dl* 58 (40
V dilatation (echocardiography) 104 (73
VEF �45% (echocardiography) 60 (42
odium (mEq/L) 138 �
odium �130 mEq/L* 12 (8%

* Admission variables.

able 3
ssociation between anemia and in-hospital mortality

ariable In-Hospital Mortality Anemia

Yes No

ll patients 35 (24.3%) 17 (10.9%)

LVEF �45% 13 (21.7%) 6 (14.0%)
LVEF �45% 22 (26.2%) 11 (9.7%)
reslow-Day‡

nteraction test§

* RR; † odds ratio, obtained by logistic regression.
‡ Homogeneity test; § chi-square test for interaction between anemia an
F with a preserved LVEF. (
Few studies have examined the association between ane-
ia and adverse outcomes in patients with HF and pre-

erved LVEFs. Brucks et al1 demonstrated a higher read-
ission rate in patients with anemia but did not find a

ignificant difference in late survival of this group in com-
arison with patients without anemia. That study was com-
osed of outpatients with HF and LVEFs �50% but also
ad several exclusion criteria, such as active myocardial
schemia, myocardial infarction, dialysis-dependent renal
ailure, malignancy, hemodynamically significant valve dis-
ase, and prosthetic valve replacement.

More recently, 2 other studies have evaluated the prog-
ostic role of anemia in large cohorts of patients with HF,
ncluding a significant proportion of patients with preserved
VEFs.2,3 Felker et al2 evaluated a large sample of patients
ith symptomatic HF who were referred to diagnostic car-
iac catheterization. Of 4,951 patients, 3,093 had preserved
VEFs (�40%). Their results showed that anemia was an

ndependent risk factor for mortality in groups with pre-
erved and impaired systolic function, and there was no
nteraction between anemia and the LVEF. O’Meara et al3

ublished a substudy of the Candesartan in Heart Failure:
ssessment of Reduction in Mortality and Morbidity

Anemia p Value

No
(n � 159, 52%)

66 � 12 �0.01
65 (41%) 0.09

122 (77%) 0.61
54 (34%) 0.17
70 (44%) 0.03
10 (6%) 0.46
21 (13%) 0.30
28 (18%) 0.10

1.5 � 0.58 �0.01
38 (24%) 0.002

123 (80%) 0.15
43 (28%) 0.01

140 � 6.1 0.03
9 (6%) 0.37

Risk Ratio 95% CI p Value

2.27* 1.33–3.88 0.002
2.68† 1.43–5.04 0.002
1.55* 0.64–3.76 0.32
2.69* 1.38–5.24 0.002

0.33
0.08

.

emia

48%)

13
%)
%)
%)
%)
)

%)
%)
3.7
%)
%)
%)
5.7

)

CHARM) trial with 2,653 patients with HF, of whom 1,069
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ad preserved EF. Once again, anemia was shown to be an
ndependent risk factor for mortality, irrespective of LVEF.
he investigators also showed an interesting inverse corre-

ation between hemoglobin and LVEF, a finding that is
onsistent with our observation of a higher prevalence of
nemia in the group with preserved LVEFs.

The currently available data on the prognostic role of
nemia in HF with a preserved LVEF are not conclusive.
ll described studies had methodologic issues that may in
art limit the generalization of their results to a larger and
ess selected HF population. In the smallest study,1 patients
ere young and ambulatory and were excluded if they had

mportant co-morbidities associated with HF. Although
elker et al2 evaluated the largest cohort of patients with HF
nd preserved LVEFs, their study was a retrospective anal-
sis of a clinical database comprising patients who under-
ent cardiac catheterization and was therefore subject to the

imitations of such studies. In the CHARM substudy,3 the
reatest limitation was related to the population, which was
erived from a clinical trial, with its typically restrictive
nclusion and exclusion criteria.

Unlike the previously mentioned studies, the current
tudy prospectively enrolled consecutive patients with se-
ere decompensated HF, excluding only those with con-
omitant diagnoses of acute coronary syndromes. Thus, our
ample was representative of a large HF population hospi-
alized for worsening symptoms, which in the United States
onstitutes 1,000,000 patients every year.14 Additionally, in
ontrast to other reports, our study evaluated in-hospital
ortality, a short-term outcome.
The present study had some limitations. Our sample was

elatively small, which could have interfered with the results
f more complex statistical analysis. Our results should not
e generalized to the overall HF population. We enrolled
atients with severe decompensated HF, so the results of
his study should be applied only to this specific population.
ur patients had a high frequency of moderate to severe
alvular dysfunction, independent of LVEF. Most of them
ad mitral regurgitation, probably because of LV dilation,
ecause primary valvular heart disease was the main cause
f HF in only 11.6%. However, because the diagnosis of HF
ith a preserved LVEF did not rely on the documentation of

evere diastolic abnormalities, it is possible that the valvular
ysfunction could have been responsible for the HF syn-
rome in some patients with preserved LVEFs. In contrast,

ur risk estimates did not change after the exclusion of
atients with HF and chronic valvular cardiomyopathy. We
id not have detailed information on medical treatments or
evels of recent biomarkers, which could have prognostic
mportance.
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