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Cardio-renal interaction: impact of renal function and anemia on the 
outcome of chronic heart failure

Abstract The purpose of this study is to investigate the 
effects of renal function and anemia on the outcome of 
chronic heart failure (CHF). We targeted 711 consecutive 
patients who were hospitalized at the Division of Cardiol-
ogy of Fujita Health University Hospital during a 5-year 
period. The subjects were divided into four groups accord-
ing to their estimated glomerular fi ltration rate (e-GFR) 
calculated using the Modifi cation of Diet in Renal Disease 
(MDRD) formula. Intergroup comparisons were conducted 
for underlying heart diseases, clinical fi ndings at the time of 
hospitalization, treatment, and outcome. Moreover, the 
patients were divided into two groups according to their 
serum hemoglobin concentration at the time of hospitaliza-
tion, using 12.0 g/dl as the dividing point, to study the effects 
of anemia on the outcome. In the group with decreased 
renal function, the average age was higher, and ischemic 
heart disease and associated conditions such as hyperten-
sion and diabetes mellitus were observed in most of the 
patients. In addition, the rate of anemia development and 
the plasma B-type natriuretic peptide concentration were 
also high. The greater the deterioration in renal function, 
the poorer the outcome became (P < 0.0001). Chronic heart 
failure complicated by anemia showed an especially poor 
outcome (P < 0.0001). As this study showed that renal func-
tion and anemia signifi cantly affected the outcome of CHF, 
it is clear that the preservation of renal function and the 
management of anemia are important in addition to the 
conventional treatments for CHF.

Key words Chronic heart failure · Cardio renal anemia syn-
drome · Chronic kidney disease · Anemia · Prognosis

Introduction

Chronic heart failure (CHF) is a systemic syndrome caused 
by various heart diseases. Its prevalence has been increasing 
every year in Japan due to aging of the population. Further-
more, heart failure carries a poor prognosis, comparable 
to that of malignant tumors. Because the involvement 
of renal failure and anemia in the outcome of CHF has 
become clear, the cardio-renal interaction has been actively 
studied.1–3 Silverberg et al.4 suggested the a new concept of 
cardio renal anemia syndrome and emphasized the impor-
tance of renal function in CHF. Nephrologists have also 
suggested that chronic kidney disease (CKD) is an indepen-
dent risk factor for cardiovascular diseases.5–8 In this study, 
the effects of renal function and anemia on the outcome of 
CHF were examined in patients with CHF admitted to our 
hospital.

Materials and methods

Patients with CHF who were hospitalized at the Division of 
Cardiology of Fujita Health University Hospital during the 
5-year period from January 1, 2000 to December 31, 2004 
were targeted for this study. Of 738 consecutive patients 
with a rapid deterioration of CHF, 711 patients were 
included, and their clinical fi ndings and long-term outcome 
were investigated retrospectively. Twenty-seven patients 
were excluded from the study because they were already 
undergoing chronic hemodialysis. The average duration of 
follow-up prognosis was 791 ± 597 days. To determine the 
prognosis for those patients who had changed hospitals or 
stopped coming to our hospital, they or their families were 
contacted by telephone or letter to determine their survival 
status after following the necessary consent protocol.

The subjects were divided into four groups according 
to their estimated glomerular fi ltration rate (e-GFR) as 
follows: Group I (90 ml/min/1.73 m2 or more), Group II 
(60–89 ml/min/1.73 m2), Group III (30–59 ml/min/1.73 m2), 
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and Group IV (30 ml/min/1.73 m2 or less). Estimated glo-
merular fi ltration rate was calculated using the serum cre-
atinine concentration at the time of hospitalization, age, 
and sex, and the formula of Modifi cation of Diet in Renal 
Disease (MDRD): 194 × SCr−1.094 × Age−0.287 × 0.739 (if 
female).9–11 The groups were then compared for any under-
lying heart diseases, clinical fi ndings at the time of hospital-
ization, treatments, and outcome. Additionally, the subjects 
were divided into two groups according to their serum 
hemoglobin concentration at the time of hospitalization, 
using 12.0 g/dl as the dividing point (a nonanemic group 
with 12.0 g/dl or more, and an anemic group with less than 
12.0 g/dl) to study the effects of anemia on outcome.

A rapid deterioration of CHF was diagnosed and treated 
by two or more cardiologists on the basis of the Framing-
ham diagnostic criteria for heart failure.12 Cardiomyopathy 
or ischemic heart diseases were defi ned according to heart 
catheterization, echocardiography, or previous diagnosis. A 
rapid deterioration of CHF was defi ned as a case with heart 
failure symptoms of II or higher in accordance with the New 
York Heart Association (NYHA) classifi cation. Under the 
NYHA standard, some types of underlying heart disorder 
exist for a certain period of time as a result of discontinua-
tion of medication or infection and require hospital treat-
ment for the patient. Cases of acute heart failure associated 
with conditions such as acute coronary syndrome (ACS), 
acute myocarditis, and infective endomyocarditis were 
excluded from this study.

Hypertension was defi ned as systolic blood pressure 
≥140 mmHg, diastolic blood pressure ≥90 mmHg, or previ-
ous history. Diabetes mellitus was defi ned as fasting plasma 
glucose concentration ≥126 mg/dl, hemoglobin A1c ≥6.5%, 
or a history of previous treatment. Anemia was defi ned as 
a serum hemoglobin concentration of <12 g/dl on admis-
sion. Hyperlipidemia was defi ned as serum total cholesterol 
concentration ≥220 mg/dl, or serum low-density lipopro-
tein-cholesterol concentration ≥140 mg/dl, or previous 
treatment.

Statistical analysis

Baseline characteristics of patients in the four groups speci-
fi ed above were compared using χ2 test for dichotomous 
variables and Student’s t-test for continuous variables. The 
crude survival curves were generated by the Kaplan–Meier 
method and compared with the Mantel–Haenszel log-rank 
test. Cox proportional hazards analyses were done to deter-
mine the association of e-GFR with all-cause mortality 
(over the entire follow-up period), adjusted for age, sex, 
NYHA functional classifi cation, Killip classifi cation, con-
comitant medication use, and any other variables that sig-
nifi cantly differed between the patients with or without 
kidney disease or that predicted mortality in the multivari-
ate model. As a sub-analysis, death risk of CKD and/or 
anemia in CHF patients are shown using the odds ratio. All 
analyses were performed using the JMP statistical software 
package (version 5).

Results

Clinical fi ndings (Table 1)

Patients, sex, and age

Group I consisted of 88 patients (46 male patients, average 
age 58.5.1 ± 17.9 years), Group II of 235 patients (149 male 
patients, average age 68.8 ± 13.4 years), Group III of 263 
patients (146 male patients, average age 71.7 ± 12.8 years), 
and Group IV of 125 patients (59 male patients, average 
age 72.1 ± 11.5 years). The average age increased signifi -
cantly in parallel with the deterioration of renal function 
(P < 0.0001).

Basal heart disease

In the groups with good renal function (Groups I and II), 
higher rates of dilated cardiomyopathy (DCM) were 
observed in comparison with the other groups (P = 0.027). 
The rate of ischemic heart diseases increased in parallel 
with decreasing renal function (P < 0.0001).

Clinical fi ndings at the time of hospitalization

According to the NYHA functional classifi cation and the 
Killip classifi cation, the greater the deterioration in the 
patient’s renal function, the more severe was the patient’s 
condition (P = 0.0001, P = 0.012). Although no signifi cant 
differences were observed between the groups in terms of 
blood pressure or heart rate, the systolic blood pressure 
tended to be higher in the groups with poorer renal function 
(P = 0.006). The serum hemoglobin concentration decreased 
as the renal function worsened (P < 0.0001). The plasma 
B-type natriuretic peptide (BNP) concentration increased 
as the renal function deteriorated, and in Group IV, it 
increased to more than twice the level of that in Group I. 
In the echocardiographic fi ndings, Left ventricular ejection 
fraction (LVEF) of Group III was lowest at 37.2% ± 15.4% 
(P = 0.001). Left ventricular mass index (LVMI) increased 
as the renal function deteriorated (P = 0.021).

Anemia (Table 2)

The anemic group consisted of 318 patients, accounting for 
44.7% of all the patients. Patients in the anemic group were 
older, had poorer renal function, and showed high plasma 
BNP concentration. Neither the NYHA function classifi ca-
tion nor the Killip classifi cation differed signifi cantly 
between the two groups. The LVEF was excellent in the 
anemic group.

Therapy (Table 3)

Treatment of heart failure

The drugs administered in the acute phase of a rapid dete-
rioration of CHF and at the time of hospital discharge are 
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shown in Table 3. In the acute phase, carperitide (hANP) 
was frequently used in each group. Catecholamines and 
nitrates were frequently used in the patients with poor renal 
function. At the time of hospital discharge, loop diuretics 
were most frequently administered in all four groups. 

Angiotensin-converting enzyme inhibitor (ACE-I) and/or 
angiotensin II receptor blocker (ARB) and spironolactone 
were used frequently but comparatively less so in Group 
IV. Nitrates and Ca channel blockers were frequently used 
in the groups with poor renal function.

Table 1. Baseline characteristics of the study population according to their e-GFR on admission

e-GFR

(n = 711)

Group I
≥90
(n = 88)

Group II
60–89
(n = 235)

Group III
30–59
(n = 263)

Group IV
<30
(n = 125)

P value

Age (years) 58.5 ± 17.9 68.8 ± 13.4 71.7 ± 12.8 72.1 ± 11.5 <0.0001
Male : Female 46:42 149:86 146:117 59:66 0.162
Basal heart disease (%)
 IHD 19.3 37.4 44.1 52.8 <0.0001
 Valvular disease 25.0 21.3 22.4 17.6 0.412
 Hypertension 10.2  8.5  8.7 12.8 0.414
 DCM 13.6 13.2 9.1  4.0 0.027
 Others 27.9 22.6 15.1 12.3 0.005
Complication (%)
 Diabetes mellitus 23.9 28.5 35.4 56.8 <0.0001
 Hypertension 34.1 56.2 61.6 66.4 <0.0001
 Hyperlipidemia 20.5 25.5 34.6 34.4 0.020
 Atrial fi brillation 46.7 46.0 32.4 23.2 <0.0001
 VT, Vf 11.4 11.1 13.7  5.6 <0.0001
Characteristics
 NYHA functional classifi cation 3.3 ± 0.6 3.4 ± 0.6 3.5 ± 0.6 3.6 ± 0.6 0.0001
 Killip classifi cation 2.0 ± 0.6 2.1 ± 0.7 2.2 ± 0.7 2.3 ± 0.7 0.012
 Observation period (days) 1114 ± 593 857 ± 596 701 ± 545 630 ± 608 <0.0001
 Systolic BP (mmHg) 131 ± 30 140 ± 31 138 ± 33 148 ± 35 0.006
 Diastolic BP (mmHg) 70 ± 19 75 ± 18 75 ± 22 74 ± 20 0.221
 Heart rate (beats/min) 99 ± 24 97 ± 27 100 ± 28 97 ± 23 0.456
 BUN (mg/dl) 17.0 ± 8.3 18.1 ± 6.6 25.2 ± 11.0 48.9 ± 19.5 <0.0001
 Serum creatinine (mg/dl) 0.5 ± 0.1 0.7 ± 0.1 1.1 ± 0.3 2.9 ± 1.5 <0.0001
 Hemoglobin (g/dl) 13.1 ± 2.3 12.7 ± 2.2 12.4 ± 2.3 10.1 ± 2.1 <0.0001
 BNP (pg/ml) 696 ± 795 694 ± 626 957 ± 965 1456 ± 1335 <0.0001
Echocardiogram
 LVEF (%) 42.7 ± 17.6 42.1 ± 15.4 37.2 ± 15.4 41.2 ± 12.9 0.001
 LVDd (mm) 51.4 ± 11.5 52.2 ± 11.7 52.7 ± 10.5 49.9 ± 9.8 0.077
 LVDs (mm) 40.9 ± 13.3 41.5 ± 13.3 42.9 ± 11.7 40.0 ± 10.4 0.134
 IVS (mm) 10.4 ± 3.1 11.0 ± 3.5 11.0 ± 3.0 11.9 ± 2.9 0.001
 PW (mm) 11.3 ± 2.8 11.9 ± 2.6 11.6 ± 2.5 12.5 ± 2.9 0.003
 LVMI (g/m2) 166.5 ± 75.3 178.0 ± 69.8 182.6 ± 73.7 193.4 ± 70.2 0.021

e-GFR, estimated glomerular fi ltration rate; IHD, ischemic heart disease; DCM, dilated cardiomyopathy; VT, ventricular tachycardia; Vf, ven-
tricular fi brillation; NYHA, New York Heart Association; BP, blood pressure; BNP, B-type natriuretic peptide; LVEF, left ventricular ejection 
fraction; LVDd, left ventricular end-diastolic diameter; LVDs, left ventricular end-systolic diameter; IVS, interventricular septum; PW, posterior 
wall; LVMI, left ventricular mass index

Table 2. Baseline characteristics of the study population according to their hemoglobin concen-
tration on admission (n = 711)

Hb ≥12.0 g/dl Hb <12.0 g/dl P value

n (%) 393 (55.3) 318 (44.7)
Age (years) 66.2 ± 14.6 72.8 ± 12.8 <0.0001
Male : Female 269:124 131:187 <0.0001
NYHA class 3.5 ± 0.6 3.5 ± 0.6 0.697
Killip class 2.1 ± 0.7 2.2 ± 0.7 0.419
BUN (mg/dl) 21.5 ± 11.3 31.6 ± 19.0 <0.0001
Serum creatinine (mg/dl) 1.0 ± 0.5 1.5 ± 1.3 <0.0001
eGFR (ml/min/1.73 m2) 65.2 ± 34.9 47.5 ± 30.3 <0.0001
Hemoglobin (g/dl) 14.0 ± 1.4 10.0 ± 1.4 <0.0001
BNP (pg/ml) 759 ± 808 1 129 ± 1 099 <0.0001
LVEF (%) 38.0 ± 15.8 43.0 ± 14.6 <0.0001

Hb, hemoglobin; NYHA, New York Heart Association; e-GFR, estimated glomerular fi ltration 
rate; BNP, B-type natriuretic peptide; LVEF, left ventricular ejection fraction
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Hemodialysis

The patients who underwent any sort of hemodialysis during 
hospitalization and those who were transferred to chronic 
hemodialysis after their hospital discharge were compared. 
In Group I, hemodialysis was performed for 2 out of 88 
patients (2.3%), one of whom was transferred to chronic 
hemodialysis. In Group II, hemodialysis was performed for 
4 out of 235 patients (1.7%), 3 of whom died during hospi-
talization. In Group III, hemodialysis was performed in 12 
out of 263 patients (4.6%), 5 of whom died during hospital-
ization. In Group IV, hemodialysis was performed in 42 
out of 125 patients (33.6%), 18 of whom died during 
hospitalization.

Outcome

The cumulative survival rates of the four groups are shown 
in Fig. 1 using Kaplan–Meier curves. The follow-up rate of 
the study population is 98.5%. Paralleling the deterioration 
in renal function, the outcome worsened (P < 0.0001). The 
in-hospital death rates were 6 cases (8.0%) (5 cases of heart 
failure and one case of myocardial infarction) in Group I, 
14 cases (6.2%) (10 cases of heart failure, one case of myo-
cardial infarction, one case of sudden death, and 2 cases of 
other causes) in Group II, 30 cases (11.0%) (20 cases 
of heart failure, 5 cases of myocardial infarction, 3 cases of 
sudden death, and 2 cases of other causes) in Group III, and 
31 cases (22.5%) (22 cases of heart failure, 5 cases of sudden 
death, 3 cases of cerebrovascular disease, and one case of 
other cause) in Group IV. According to the presence or 

absence of anemia, a poorer outcome was noted in the 
anemic group (P < 0.0001) (Fig. 2).

In Table 4, the results of a multivariable analysis using 
the Cox proportional hazard model are shown. The follow-
ing three items were detected as predictors of mortality: 
(1) an e-GFR <60 ml/min/1.73 m2 (hazard ratio 1.865, 
P = 0.0004), (2) a serum hemoglobin concentration 
<12.0 g/dl (hazard ratio 1.622, P = 0.004), and (3) a plasma 
BNP concentration ≥700 pg/ml (hazard ratio 1.466, 
P = 0.019).

In the present study, when the risk of death in CHF 
patients with neither CKD nor anemia was set at 1.0, the 
odds ratio of death in CHF patients with CKD alone was 
1.84 (95% confi dence interval [CI]: 1.13–2.99), and in CHF 

Table 3. Therapy of the study population according to their e-GFR (n = 711)

Therapy (%)
(n = 711)

Group I
≥90
(n = 88)

Group II
60–89
(n = 235)

Group III
30–59
(n = 263)

Group IV
<30
(n = 125)

P value

Acute phase
 Carperitide 77.3 72.8 77.9 84.0 0.112
 Nitrates 17.0 30.6 30.4 41.6 0.002
 Catecholamines 18.2 15.7 28.9 39.2 <0.0001
 PDE III inhibitor 8.0 2.6 0.8 3.2 0.004
 Respirator 11.4 10.2 18.3 20.0 0.0001
 IABP 4.5 3.8 5.3 3.2 0.764
 Hemodialysis 2.3 1.7 4.6 33.6 <0.0001
Discharge
 Loop diuretics 90.2 89.5 94.4 85.6 0.243
 ACE-I/ARB 82.9 90.4 87.4 68.0 <0.0001
 ACE-I 54.9 50.7 45.9 30.9 0.0004
 ARB 31.7 44.3 48.9 40.2 0.025
 β-Blocker 51.2 53.9 62.3 50.5 0.124
 Spironolactone 89.8 75.8 76.6 34.0 <0.0001
 Nitrates 25.6 37.4 37.7 49.5 0.001
 Calcium channel blocker 11.0 21.9 21.6 51.5 <0.0001
 Pimobendan 22.0 13.2 15.6 17.5 0.449
 Statin 24.4 26.5 33.8 30.9 0.240
 Digitalis 43.9 41.1 41.6 23.7 0.008
 Hemodialysis 2.3 1.7 4.6 33.6 <0.0001
 Chronic hemodialysis 1.1 0.4 1.9 16.8 <0.0001

e-GFR, estimated glomerular fi ltration rate; PDE III, phosphodiesterase III; IABP, intra-aortic 
balloon pumping; ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor 
blocker

Fig. 1. Cumulative survival rate by baseline estimated glomerular fi l-
tration rate (e-GFR). Paralleling the deterioration in renal function, 
the outcome worsened
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patients with both CKD and anemia it was 3.88 (95% CI: 
2.38–6.31) (Fig. 3).

Discussion

Chronic heart failure carries a poor prognosis. In this study, 
factors that infl uence the prognosis of CHF were investi-
gated using the Cox hazard model. As a result, e-GFR, 
anemia, and BNP were identifi ed as prognostic factors. It is 
well known that the heart and kidneys are closely related 
and that heart failure and renal failure signifi cantly affect 
the outcome in patients with CHF.13–15 However, few studies 

have been done on the infl uence of both renal function and 
anemia in the prognosis of CHF patients in Japan.

In the present study, approximately 60% of all subjects 
had an e-GFR of less than 60 ml/min/1.73 m2, indicating the 
presence of CKD. It was further clarifi ed that the cumula-
tive survival rate in all four e-GFR groups signifi cantly 
decreased as renal function decreased. Similarly, the report 
of McAlister et al.13 suggested that decreased renal function 
greatly affects the outcome of heart failure. Although LVEF 
has long been considered a major determinant of outcome 
in heart failure, in recent years numerous reports have 
claimed that decreased LVEF does not greatly affect the 
outcome.16–18 Various reports have instead demonstrated 
that renal dysfunction is an important factor determining 
the outcome of heart failure6.

In cases of favorable renal function, the effect of ANP 
and BNP increases urinary volume, and the fl uid volume in 
blood vessels is controllable. However, in cases of declining 
renal function, CHF symptoms such as lung congestion do 
not improve, and CHF further deteriorates. In the present 
study, the prognosis of CHF patients with CKD was not 
good. Our comparison of the drugs being administered at 
the time of hospital discharge showed that the rates of use 
of ACE-I, ARB, and spironolactone were lower in the 
groups with lower renal function, presumably because these 
drugs may elevate serum potassium concentration in the 
presence of decreased renal function. However, in CASE-
J,19 it has been reported that the lower the renal function is, 
the greater the renoprotective effect of ARB becomes. This 
suggests that ARB might be effective especially in patients 
with decreased renal function. It has also been demon-
strated in various clinical trials that inhibition of the rennin-
angiotensin-aldosterone system inhibits progression of 
renal dysfunction and improves the outcome of heart 
failure.20 The low-frequency use of these drugs in the groups 
with decreased renal function in the present study may have 
been one of the causes underlying the difference in the 
outcome.

Anemia is known to decrease the effi ciency of systemic 
oxygen delivery, thereby resulting in increased heart rate, 
cardiac output, and heart strain.21 Correction of anemia is 
therefore useful for the treatment of heart failure because 
it decreases both the heart rate and myocardial oxygen 
consumption.22 Our results showed that the outcome was 
poorer in the anemic group than that in the group without 
anemia. Many reports have similarly shown that anemia 

Table 4. Multivariate predictor of all-cause mortality by Cox proportional hazard model

Predictor Category P value Hazard ratio 95% CI

e-GFR (ml/min/1.73 m2) <60 vs ≥60 0.0004 1.865 1.324–2.627
Hemoglobin (g/dl) <12.0 vs ≥12.0 0.004 1.622 1.168–2.253
BNP (pg/ml) ≥700 vs <700 0.019 1.466 1.066–2.016

Hazard ratio and 95% confi dence intervals (CI) were adjusted for age, sex, New York Heart 
Association functional classifi cation, Killip classifi cation, primary heart diseases, diabetes melli-
tus, hypertension, hyperlipidemia, and left ventricular ejection fraction. The index of BNP is a 
central value
CI, confi dence interval; BNP, B-type natriuretic peptide; e-GFR, estimated glomerular fi ltration 
rate

Fig. 2. Cumulative survival rate by baseline hemoglobin (Hb) level. 
Paralleling the deterioration in anemia, the outcome worsened

Fig. 3. Result of odds ratio according to chronic kidney disease and 
anemia. When the risk of death in chronic heart failure (CHF) patients 
with neither chronic kidney disease (CKD) nor anemia was set at 1.0, 
the odds ratio of death in CHF patients with CKD alone was 1.84 (95% 
confi dence interval [CI]: 1.13–2.99), and in CHF patients with both 
CKD and anemia it was 3.88 (95% CI: 2.38–6.31)
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worsens the outcome of heart failure.23–25 In our study, the 
outcome was worse in patients with serum hemoglobin con-
centration of less than 12 g/dl. Our results suggest that 
efforts should be made to maintain a serum hemoglobin 
concentration of 12 g/dl in patients with heart failure. Sub-
jects with decreased renal function had decreased produc-
tion of erythropoietin and frequently had renal anemia. 
Silverberg et al.26 have reported that active correction of 
anemia using erythropoietin preparations and intravenous 
iron can help the heart function to recover while also inhib-
iting the progress of renal dysfunction. Similar treatments 
have been reported to help improve the NYHA functional 
classifi cation while also reducing the number of hospitaliza-
tions.27 In patients with both renal dysfunction and anemia, 
it is therefore important to consider administering an eryth-
ropoietin preparation. Among potential therapies, the use 
of erythropoietin-stimulating factor agents, usually together 
with iron to increase red blood cell production, represents 
a possible though not yet proven option.

It has been reported that if BNP is high in CHF patients, 
prognosis is poor.28,29 Although no signifi cant differences 
were observed among the four groups in our study in regard 
to the LVEF conventionally used in the clinical stratifi ca-
tion of heart failure, the degree of heart failure according 
to the NYHA functional classifi cation and the Killip classi-
fi cation, as well as the degree of heart failure according to 
the plasma BNP concentration, were shown to increase in 
severity as renal function decreased.30,31 During heart failure, 
the secretion of ANP and BNP increases in association with 
atrial enlargement and cardiac chamber dilation. As men-
tioned earlier, in the patients with good renal function, 
endogenous ANP and BNP increased the urine volume 
thereby mitigating heart failure, whereas in the patients 
with decreased renal function, the urine volume did not 
increase suffi ciently despite the increases in endogenous 
ANP and BNP, and the amount of circulating blood did not 
decrease. As a result, heart failure was exacerbated. In the 
patients with decreased renal function, the plasma BNP 
concentration therefore further increased and reached sig-
nifi cantly high concentration. It has been surmised that the 
heart strain associated with decreased renal function and 
anemia likely increased the plasma BNP concentration. 
This suggests that anemia in patients with heart failure 
needs to be carefully managed. Decreased renal function 
and anemia are key factors associated with worsening heart 
failure. It is thus necessary to keep in mind the potential 
occurrence of cardio renal anemia syndrome during treat-
ment of CHF.

Limitations

First, we used each patient’s baseline weight in calculating 
their e-GFR. Although some patients were believed to be 
fl uid overloaded on examination by experienced heart 
failure clinicians, it is possible that the baseline weight of 
some patients was higher than their true “dry” weights. 
Second, our cohort was derived from patients referred to 
only one hospital; as such, it does not represent an unselected 

population of CHF patients. However, our sample is con-
secutive and similar demographically and clinically to heart 
failure cohorts recruited in the community. The diagnoses 
of heart failure and comorbidities were rigorously con-
fi rmed at baseline, LVEF and the serum creatinine level 
were assessed objectively at baseline, and all clinical 
and laboratory data were collected prospectively during 
follow-up.

Conclusion

Chronic heart failure is associated with a poor prognosis. It 
has traditionally been believed that a decreased LVEF is 
the key indicator for formulating a prognosis. However, this 
study clarifi ed that the degrees of renal function and anemia 
greatly affected the outcome of heart failure. In heart 
failure, it is not easy to recover heart function. Attempts to 
directly enhance the force of cardiac contractions increase 
the frequency of use of inotropic agents. However, these 
drugs tend to worsen the outcome of patients with heart 
failure. We therefore believe that when managing heart 
failure, it is important to improve extracardiac factors 
whenever possible, for example, by correcting neurohu-
moral factors and anemia.
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