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Abstract
Background: Anaemia is associated with elevated levels of natriuretic peptides. Whether the association of anaemia with natriuretic peptides
is independent of other cardiovascular risk factors is unclear.
Methods: This was a cross-sectional study of 809 ambulatory patients with coronary heart disease (CHD) and no history of heart failure (HF).
We evaluated the extent to which the relationship between haemoglobin and N-terminal pro-B-type natriuretic peptide (NT-proBNP) was
explained by differences in cardiovascular risk factors, inflammation, and kidney dysfunction.
Results: Of the 809 participants, 189 (23%) had anaemia (haemoglobin b 13 g/dL). Haemoglobin (as a continuous variable) was inversely
associated with log NT-proBNP (beta coefficient −.28, p b .0001). This association was considerably attenuated after accounting for
cardiovascular risk factors, C-reactive protein, and kidney dysfunction. However, haemoglobin remained independently associated with log
NT-proBNP even after adjustment for these variables (beta coefficient − .11, p = 0.0003). Each 1 g/dL decrease in haemoglobin was
associated with a 20% greater odds of having NT-proBNP in the highest quartile.
Conclusions: The relationship between anaemia and NT-proBNP is largely explained by differences in cardiovascular risk factors, ventricular
function, myocardial ischaemia, inflammation, and kidney function. Nonetheless, haemoglobin appears to be inversely associated with NTproBNP even after adjustment for these risk factors.
Published by Elsevier B.V.
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1. Introduction
Over 5 million Americans have heart failure (HF), and
over a half million new cases are diagnosed annually [1–4].
Anaemia is an independent predictor of incident HF, and of
adverse outcomes in patients with established HF[5–14]. In
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the absence of clinical HF, patients with anaemia have
elevated levels of natriuretic peptides, suggesting that
anaemia may lead to subclinical ventricular dysfunction
[15–18]. However, it is unknown whether the association of
anaemia with natriuretic peptides is explained by differences
in cardiovascular risk factors, systolic or diastolic function,
inflammation, or chronic kidney disease in patients without
HF.
Natriuretic peptides are secreted mainly from the cardiac
atria in response to pressure and volume overload. They
appear to play an important physiologic role in reducing
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intravascular volume by promoting natriuresis, diuresis, vasodilatation, and suppressing the sympathetic nervous
system [19,20]. Pro-B-Type Natriuretic Peptide is secreted
by myocardial cells in response to increased volume and
pressure. This precursor molecule is cleaved to form the
active B-Type Natriuretic Peptide (BNP) and the inactive Nterminal pro-B-type natriuretic peptide (NT-proBNP). Elevations in NT-proBNP concentrations signal disruptions in
processes designed to maintain normal homeostasis for
optimal cardiovascular functioning. Plasma levels of NT-pro
BNP are increased in patients with ventricular dysfunction
and strongly predict morbidity and mortality in patients with
and without heart failure [21,22].
It is unclear why anaemia is associated with elevations in
NT-proBNP and increased risk of HF. One possibility is that
the increased cardiac workload associated with anaemia may
cause stretching of the myocardium leading to ventricular
dysfunction. Another possibility is that the presence of
anaemia may exacerbate underlying coronary heart disease
(CHD), leading to inflammation or ischaemic damage in the
myocardium. Yet another possibility is that the association of
anaemia with elevated levels of NT-proBNP is confounded
by greater impairment in kidney function.
To identify the pathways of association between anaemia
and BNP, we measured haemoglobin and NT-proBNP in a
cross-sectional study of 809 patients with CHD who had no
clinical history of HF. We quantified the extent to which the
inverse association of haemoglobin with NT-proBNP was
explained by differences in cardiovascular risk factors,
systolic or diastolic dysfunction, myocardial ischaemia,
inflammation, and kidney dysfunction.
2. Methods
2.1. Study participants
The Heart and Soul Study is a prospective cohort study
designed to investigate the influence of psychosocial factors
on the outcomes of patients with CHD. Detailed methods
have been described previously [22,23]. Between September
2000 and December 2004, we recruited 1024 participants
with CHD who were identified from administrative databases
at two Department of Veterans Affairs Medical Centers (San
Francisco and Palo Alto) and at one university-based medical
centre (University of California, San Francisco). Eligible
participants had a history of myocardial infarction, angiographic evidence of ≥ 50% stenosis in 1 or more coronary
vessels, history of coronary revascularization, or evidence of
exercise-induced ischaemia by treadmill or nuclear testing.
Patients were excluded if they reported hospitalization for an
acute coronary event ≤6 months previously, were unable to
walk 1 block or were planning to move from the local area
within 3 years. The institutional review board at each of the
sites approved this protocol, and all participants provided
written informed consent. For this cross-sectional study, we
excluded 178 participants who reported a history of HF, and
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37 participants without measurements of haemoglobin or NTpro BNP, yielding 809 subjects for the analysis.
2.2. Predictor variable: haemoglobin
Prior to the study appointment, participants completed an
overnight fast except for taking their regularly prescribed
medications. Venous blood samples were drawn via 21-gauge
butterfly needles into chilled tubes containing ethylenediamine-tetra-acetic acid (EDTA). The Beckman Coulter LH
750 (Fullerton, California) yielded the haemoglobin (Hgb)
values with an inter-assay coefficient of 0.4%. The laboratory
technicians who determined Hgb levels were blinded to the
results of the echocardiogram. We examined haemoglobin
both as a continuous variable and as a dichotomous variable,
with anaemia defined as Hgb b 13 g/dL [24,25].
2.3. Outcome variable: NT-pro BNP
EDTA plasma was frozen at − 80 °C for up to 4 years. We
measured plasma NT-pro BNP levels from thawed samples
using a commercially available immunoassay (Elecsys
proBNP, Roche Diagnostics). The assay range is 5 to
35,000 pg/mL. The intra-assay and inter-assay coefficients
of variation ranged respectively from 1.8% and 2.3% (at NTpro BNP concentrations of 4962 pg/mL) to 2.7% and 3.2%
(NT-pro BNP 175 pg/mL).
2.4. Other measurements
Self-reported age, sex, ethnicity, lifestyle habits, and medical
history were determined by questionnaire. Serum creatinine,
total cholesterol, and C-reactive protein were measured after the
overnight fast. We measured height and weight to calculate
body mass index, and assessed blood pressure using a standard
sphygmomanometer. We assessed kidney function using 3
different measures: (1) 24-hour urinary creatinine clearance
[26], (2) cystatin C [27], and (3) estimated glomerular filtration
rate (eGFR) calculated by the Modification of Diet in Renal
Disease (MDRD) Study formula: eGFR = 186 × (serum creatinine− 1.154) × (age− 0.203) × (0.742 if female) × (1.21 if black)
[28].
All participants underwent resting echocardiography using
an Acuson Sequoia Ultrasound System (Mountain View,
California) with a 3.5 MHz transducer. A complete resting twodimensional echocardiogram, including imaging and Doppler
in all standard views and subcostal imaging of the inferior vena
cava, was performed. We obtained standard two-dimensional
parasternal short-axis and apical 2- and 4-chamber views
during held inspiration; these were planimetered using a computerized digitization system to determine end-diastolic and
end-systolic left ventricular volume and ejection fraction (EF).
We categorized participants as having diastolic dysfunction if
they had LVEF ≥50% and a velocity time integral in their
pulmonary vein that was greater during diastole than during
systole [25]. Left ventricular mass was indexed to height and
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Table 1
Characteristics of 809 study participants with coronary heart disease and no
history of heart failure
Variable

Demographic characteristics
Age (years)
Sex (% male)
Race
White
Black
Other
Body Mass Index (kg/m2)
Lifestyle/habits
Current smoker
Physically active
Regular alcohol use
Medical history
Diabetes
Hypertension
Myocardial infarction
Angioplasty
CABG
Cardiac function
LV ejection fraction
Diastolic dysfunction
LA volume index
Mitral deceleration time
E/A ratio
LV mass index (g/m2)
Inducible ischaemia
Angina weekly or more
Resting heart rate
SBP (mm Hg)
DBP (mm Hg)
Other measurements
Total cholesterol (mg/dL)
Creatinine clearance (mL/min)
Estimated GFR
Cystatin C
C-reactive protein

Hgb b 13 g/dL Hgb ≥ 13 g/dL p value
N = 189

N = 620

70 ± 12
126(67)

66 ± 11
534(86)

b.0001
b.0001

92(49)
47(25)
50(26)
28 ± 6

393(64)
78(13)
148(24)
28 ± 5

.0001
b.0001
.48
.82

28(15)
103(55)
52(28)

126(20)
416(67)
195(32)

.09
.001
.29

62(33)
133(70)
97(52)
65(35)
55(24)

130(21)
423(68)
307(50)
236(38)
205(33)

.0008
.60
.61
.38
.34

.63 ± .09
38(20)
35.6 ± 13
236 ± 61
1.1 ± .51
98 ± 24.6
46(26)
35(19)
68 ± 12
135 ± 22
72 ± 10

.63 ± .08
66(11)
30.9 ± 10.1
246 ± 65
1.04 ± .42
94 ± 23.8
118(21)
104(17)
68 ± 12
133 ± 21
76 ± 11

.78
.0007
b.0001
.06
.14
.048
.11
.59
.93
.26
b.0001

171.2 ± 38.7
70.5 ± 27.5
72.4 ± 27
1.4 ± .81
5.9 ± 10

181 ± 43.1
85.6 ± 27.3
79 ± 21
1.1 ± .33
3.7 ± 5.5

.005
b.0001
.0004
b.0001
b.0001

squared tests for dichotomous variables and t-tests (or nonparametric equivalent) for continuous variables. For the
continuous analyses, we log-transformed NT-proBNP values,
because they were not normally distributed. To determine the
independent association between anaemia and NT-proBNP,
we used linear regression analyses with haemoglobin entered
as a continuous or dichotomous (b13 g/dL) variable as the
primary predictor and log NT-pro BNP as the outcome. We
sequentially adjusted for demographic and lifestyle factors,
medical history, systolic and diastolic function, ischaemia,
inflammation and creatinine clearance. We also used logistic
regression to determine the association of each 1-point decrease in haemoglobin with having NT-proBNP in the highest
quartile. We tested for interactions of anaemia with creatinine
clearance, cystatin C, eGFR, left ventricular ejection fraction,
diastolic dysfunction, and inducible ischaemia. All analyses
were performed using Statistical Analysis Software (Version
9, SAS Institute, Inc.).
3. Results
Of the 809 participants, 189 (23%) had anaemia
(Hgb b 13 g/dL). Subjects with anaemia were older, less
likely to be male or white, more likely to be black, and less
likely to be physically active, compared with subjects who
did not have anaemia (Table 1). Subjects with anaemia were
more likely to have diabetes, diastolic dysfunction, higher
left atrial end systolic volume, and left ventricular hypertrophy. They also had lower diastolic blood pressure,
cholesterol and creatinine clearance, but higher C-reactive
protein than those without anaemia.
Lower haemoglobin was linearly associated with higher
mean levels of log NT-proBNP (Fig. 1). This association was
considerably attenuated after accounting for demographic
and lifestyle factors, medical history, cardiac function, and
C-reactive protein (Table 2). Adjusting for creatinine
clearance alone resulted in a 27% further decrease in the

analyzed as grams/m2. We measured LA volume using
transthoracic echocardiography (using biplane method of
disks in apical 2- and 4-chamber views) and calculated Left
Atrial volume index as left atrial end systolic volume divided
by body surface area. We also measured mitral deceleration
time and mitral flow E/A ratios of peak velocities at early rapid
filling (E) and late filling due to atrial contraction (A).
To determine the presence of myocardial ischaemia, participants underwent full exercise treadmill testing using a
standard Bruce protocol with continuous 12-lead electrocardiographic monitoring. An echocardiogram was performed just
prior to and immediately following exercise. Inducible ischaemia was defined as the presence of a new wall motion abnormality observed at peak exercise that was not present at rest.
2.5. Statistical analysis
We compared differences in baseline characteristics
between participants with and without anaemia using chi-

Fig. 1. Mean (95% confidence interval) concentrations of log NT-proBNP
by haemoglobin level (p b 0.001 for trend).
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beta coefficient (from − .15 to − .11), but haemoglobin was
independently associated with NT-proBNP after adjustment
for all of the above variables.
Although we excluded participants who reported a history of
clinical heart failure, a total of 68 participants had a LVEF ≤50%
and 104 had diastolic dysfunction. After excluding these participants with LVEF ≤50% or diastolic dysfunction, haemoglobin remained associated with log-NT-proBNP in a fully adjusted
model (B coefficient −.12±.03; pb .0001).
Sex was not significantly associated with NT-proBNP in
the model adjusted for demographic and lifestyle factors
(Table 2). However, to verify that sex was not responsible for
the association of haemoglobin with NT-proBNP, we forced
sex into the final model. After adjustment for sex, age, physical
activity, history of myocardial infarction, coronary artery
bypass grafting, LVejection fraction, diastolic dysfunction, LV
mass index, inducible ischaemia, heart rate, systolic and
diastolic blood pressure, cholesterol, CRP, and creatinine
clearance, haemoglobin remained inversely associated with
log NT-proBNP (B coefficient −.09 ± .03; p b .0001).
Of the 189 individuals with anaemia, 38% (72/189) had
NT-proBNP levels in the highest quartile (N 367 pg/ml),
compared with 16% (99/620) of those without anaemia
(p b .0001). Each 1-point decrease in haemoglobin was
associated with 50% greater odds of having high NTTable 2
Association of haemoglobin as a continuous variable with log NT-proBNP
as a continuous variable by linear regression
Model

B coefficient ± SE for p value
haemoglobin

Unadjusted
−.28 ± .03
Adjusted⁎
Demographic factors + lifestyle/habits † −.25 ± .03
Above + medical history‡
−.22 ± .03
Above + cardiac function§
−.20 ± .03
Above + cholesterol and CRP∥
−.15 ± .03
Above + CrCl¶
− .11 ± .03
Above + eGFR but not CrCl
−.14 ± .02
Above + cystatin C but not CrCl or
−.12 ± .02
eGFR

b.0001
b.0001
b.0001
b.0001
b.0001
.0003
b.0001
b.0001

CrCl creatinine clearance, eGFR estimated glomerular filtration rate.
⁎Each model adjusted for all Table 1 variables associated with NT-proBNP
from previous step. Other variables associated with NT-proBNP (at p b 0.05)
were:
†Age, race and physically active.
‡Age, race, physically active, history of hypertension, myocardial infarction,
and coronary artery bypass grafting.
§Age, race, physically active, history of myocardial infarction, coronary
artery bypass grafting, LV ejection fraction, diastolic dysfunction, LV mass
index, inducible ischaemia, heart rate, and systolic and diastolic blood
pressure.
||Age, race, physically active, history of myocardial infarction, coronary
artery bypass grafting, LV ejection fraction, diastolic dysfunction, LV mass
index, inducible ischaemia, heart rate, systolic and diastolic blood pressure,
cholesterol and CRP.
¶Age, physically active, history of myocardial infarction, coronary artery
bypass grafting, LV ejection fraction, diastolic dysfunction, LV mass index,
inducible ischaemia, heart rate, systolic and diastolic blood pressure, choles
terol, CRP, and creatinine clearance.
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Table 3
Association of each 1-point decrease in haemoglobin with having NTproBNP in the highest quartile among 809 patients with coronary disease
and no history of heart failure
Model

Odds ratio (95% CI)

p value

Unadjusted
Adjusted⁎
Demographic factors + lifestyle/habits†
Above + medical history‡
Above + cardiac function§
Above + cholesterol and CRP∥
Above + CrCl¶
Above + eGFR but not CrCl
Above + cystatin but not eGFR or CrCl

1.5 (1.3–1.7)

b.0001

1.5 (1.3–1.7)
1.5 (1.3–1.7)
1.6 (1.3–2.0)
1.3 (1.1–1.6)
1.2 (1.0–1.4)
1.3 (1.1–1.6)
1.2 (1.03–1.5)

b.0001
b.0001
.0001
.001
.05
.007
.02

CrCl creatinine clearance, eGFR estimated glomerular filtration rate.
⁎Each model adjusted for variables associated with NT-proBNP (at p b 0.05)
from previous step. Other variables associated with NT-proBNP were:
†Age, race and physically active.
‡Age, race, physically active, history of hypertension, myocardial infarction,
and coronary artery bypass grafting.
§Age, race, physically active, history of myocardial infarction, coronary
artery bypass grafting, LV ejection fraction, diastolic dysfunction, LV mass
index, inducible ischaemia, heart rate, and systolic and diastolic blood
pressure.
||Age, race, physically active, history of myocardial infarction, coronary
artery bypass grafting, LV ejection fraction, diastolic dysfunction, LV mass
index, inducible ischaemia, heart rate, systolic and diastolic blood pressure,
cholesterol and CRP.
¶Age, physically active, history of myocardial infarction, coronary artery
bypass grafting, LV ejection fraction, diastolic dysfunction, LV mass index,
inducible ischaemia, heart rate, systolic and diastolic blood pressure,
cholesterol, CRP, and creatinine clearance.

proBNP. Although this association was largely attenuated
after adjustment for cardiovascular risk factors and kidney
function, each 1-point decrease in haemoglobin remained
independently associated with 20% greater odds of having
high NT-proBNP (Table 3). We found no evidence for any
interaction of haemoglobin with LV ejection fraction,
diastolic dysfunction, inducible ischaemia, creatinine clearance, cystatin C, or eGFR (all p values for interaction ≥ 0.2).
4. Discussion
We found that anaemia was inversely associated with
circulating levels of NT-proBNP in 809 outpatients with
known CHD and no clinical history of HF. The association
between anaemia and elevated NT-pro BNP was considerably attenuated after accounting for greater systolic dysfunction, diastolic dysfunction, CHD severity, inflammation,
and kidney dysfunction in patients with anaemia. Adjustment for these variables explained approximately 2/3 of the
association. However, even after adjustment for all of these
factors, anaemia remained independently predictive of NTproBNP.
Our findings indicate that, clinical ventricular dysfunction, ischaemia, inflammation and kidney dysfunction are
largely responsible for the association of anaemia with NTproBNP. However, even after adjustment for these risk
factors, anaemia remains independently predictive of
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elevated NT-proBNP concentrations. One prior study of 234
patients with suspected CHD and no history of HF
demonstrated that the association of anaemia with BNP
was independent of left ventricular ejection fraction, left
ventricular end diastolic pressure, extent of CHD, and
estimated creatinine clearance [16]. Our study extends these
findings by demonstrating that the association of anaemia
with natriuretic peptides is also independent of inducible
ischaemia and C-reactive protein. These results raise the
possibility that anaemia may be associated with increased
ventricular pressure and myocardial strain even before
evidence of clinical ventricular dysfunction can be detected.
The relation between anaemia and HF may be caused by
activation of the renin–angiotensin–aldosterone system,
hyperactivity of the sympathetic nervous system, or poor
oxygen carrying capacity, resulting in increased workload on
the heart [29,30]. Three primary factors determine the
amount of oxygen delivered to an organ: blood flow and its
distribution, the blood’s oxygen-carrying capacity, and
oxygen extraction [31]. When the oxygen-carrying capacity
is diminished as in chronic anaemia, the primary haemodynamic mechanism that compensates is an increase in cardiac
output, mediated by lower after-load and consequentially
increased preload. Tissue hypoxia, enhanced nitric oxide
activity, and lower blood viscosity yield vasodilation and
decreased vascular resistance. In response, venous return and
left ventricular filling increase, resulting in an increased left
ventricular end-diastolic volume and maintenance of high
stroke volume.
Greater left ventricular stress may also stem from an
anaemia-associated increase in plasma catecholamines or
other haemodynamic factors. Over time, such haemodynamic alterations may result in increased workload, cardiac
enlargement, and left ventricular hypertrophy. These compensatory mechanisms are most prominent with very low
haemoglobin concentrations. However, an ischaemic heart is
more sensitive than a normal heart to even smaller drops in
haemoglobin, yielding worsening of ischaemia and cardiac
function [32]. In our study population with known CHD and
no history of HF, the finding of anaemia-associated elevated
NT-pro BNP levels, reflective of increased ventricular filling
pressures, may suggest an increased sensitivity and
attempted cardiac compensation for anaemia. This may
also explain why haemoglobin is not as strongly correlated
with log natriuretic peptides in patients who have dyspnoea
from pulmonary problems rather than from CHD [17].
Understanding the mechanisms of association between
anaemia and NT-proBNP may improve our understanding of
cardiac pathophysiology, and help target potential therapies
to prevent the development and progression of HF. Apart
from triggering existent cardiac adaptation, anaemia may
also independently cause hormonal and metabolic effects
that influence cardiac function. Toxic metabolic effects such
as retention of salt and water, decreased renal blood flow, and
neurohormonal activation have been noted in chronic severe
anaemia [33]. Such effects may cause cardiac strain, and

neurohormonal activation may potentiate NT-pro BNP
production. However, the role of metabolic and hormonal
effects in milder anaemia has not been extensively studied.
Strengths of our study include its large sample size and
comprehensive measurement of potential mechanisms,
including systolic function, diastolic function, myocardial
ischaemia, inflammation, and creatinine clearance. However,
a number of limitations should be considered when
interpreting our results. First, the cross-sectional design of
our analysis precludes determining the causal direction of
association between anaemia and NT-proBNP. It is plausible
that NT-proBNP is the result of subclinical ventricular
dysfunction that may also decrease perfusion to the kidney
leading to decreased erythropoietin production and anaemia.
Second, it is possible that low haemoglobin concentration
may reflect haemodilution, and that increases in natriuretic
peptides may be due to volume overload rather than to true
anaemia [34]. However, none of our participants had a
clinical history of heart failure, and all blood samples were
drawn in a fasting state, making it unlikely that lower
haemoglobin concentrations were due to volume overload.
Third, our cohort predominantly consists of men, and as
natriuretic peptide levels may vary by sex, our results may
not generalize to women [17]. Finally, our sample was
restricted to patients with known CHD, and the association
of anaemia with NT-proBNP may differ in patients without
CHD.
In summary, we observed a strong relationship between
lower haemoglobin levels and elevated concentrations of
NT-proBNP in patients with CHD and no history of HF. This
association was largely explained by difference in cardiovascular risk factors, inflammation and kidney dysfunction.
Nonetheless, anaemia remained independently associated
with NT-proBNP even after adjustment for these risk factors.
Acknowledgements
This work was supported by grants from the Department
of Veterans Affairs (Epidemiology Merit Review Program),
Washington, DC; the Robert Wood Johnson Foundation
(Generalist Physician Faculty Scholars Program), Princeton,
New Jersey; the American Federation for Aging Research
(Paul Beeson Faculty Scholars in Aging Research Program),
New York, New York; and Amgen, Inc, Thousand Oaks,
California. None of these funding sources had any role in the
design, collection, analysis, interpretation, or reporting of the
data.
References
[1] Ni H. Prevalence of self-reported heart failure among US adults: results
from the 1999 National Health Interview Survey. Am Heart J
2003;146: 121–8.
[2] McCullough PA, Philbin EF, Spertus JA, Kaatz S, Sandberg KR,
Weaver WD. Confirmation of a heart failure epidemic: findings from
the Resource Utilization Among Congestive Heart Failure (REACH)
study. J Am Coll Cardiol 2002;39: 60–9.

Author's personal copy

A.S. Desai et al. / European Journal of Heart Failure 9 (2007) 886–891
[3] Redfield MM, Jacobsen SJ, Burnett Jr JC, Mahoney DW, Bailey KR,
Rodeheffer RJ. Burden of systolic and diastolic ventricular dysfunction
in the community: appreciating the scope of the heart failure epidemic.
JAMA 2003;289: 194–202.
[4] Wang TJ, Levy D, Benjamin EJ, Vasan RS. The epidemiology of
“asymptomatic” left ventricular systolic dysfunction: implications for
screening. Ann Intern Med 2003;138: 907–16.
[5] Al-Ahmad A, Rand WM, Manjunath G, et al. Reduced kidney function
and anemia as risk factors for mortality in patients with left ventricular
dysfunction. J Am Coll Cardiol 2001;38: 955–62.
[6] McClellan WM, Flanders WD, Langston RD, Jurkovitz C, Presley R.
Anemia and renal insufficiency are independent risk factors for death
among patients with congestive heart failure admitted to community
hospitals: a population-based study. J Am Soc Nephrol 2002;13:
1928–36.
[7] Ezekowitz JA, McAlister FA, Armstrong PW. Anemia is common in
heart failure and is associated with poor outcomes: insights from a
cohort of 12 065 patients with new-onset heart failure. Circulation
2003;107: 223–5.
[8] Horwich TB, Fonarow GC, Hamilton MA, MacLellan WR, Borenstein
J. Anemia is associated with worse symptoms, greater impairment in
functional capacity and a significant increase in mortality in patients
with advanced heart failure. J Am Coll Cardiol 2002;39: 1780–6.
[9] Felker GM, Gattis WA, Leimberger JD, et al. Usefulness of anemia as a
predictor of death and rehospitalization in patients with decompensated
heart failure. Am J Cardiol 2003;92: 625–8.
[10] Mozaffarian D, Nye R, Levy WC. Anemia predicts mortality in severe
heart failure: the prospective randomized amlodipine survival
evaluation (PRAISE). J Am Coll Cardiol 2003;41: 1933–9.
[11] Brucks S, Little WC, Chao T, et al. Relation of anemia to diastolic heart
failure and the effect on outcome. Am J Cardiol 2004;93: 1055–7.
[12] Ralli S, Horwich TB, Fonarow GC. Relationship between anemia,
cardiac troponin I, and B-type natriuretic peptide levels and mortality
in patients with advanced heart failure. Am Heart J 2005;150: 1220–7.
[13] Anand IS, Kuskowski MA, Rector TS, et al. Anemia and change in
hemoglobin over time related to mortality and morbidity in patients with
chronic heart failure: results from Val-HeFT. Circulation 2005;112:
1121–7.
[14] Go AS, Yang J, Ackerson LM, et al. Hemoglobin level, chronic kidney
disease, and the risks of death and hospitalization in adults with chronic
heart failure: the Anemia in Chronic Heart Failure: Outcomes and
Resource Utilization (ANCHOR) Study. Circulation 2006;113: 2713–23.
[15] Tsuji H, Nishino N, Kimura Y, et al. Haemoglobin level influences
plasma brain natriuretic peptide concentration. Acta Cardiol 2004;59:
527–31.
[16] Wold Knudsen C, Vik-Mo H, Omland T. Blood haemoglobin is an
independent predictor of B-type natriuretic peptide (BNP). Clin Sci
(Lond) 2005;109: 69–74.
[17] Wu AH, Omland T, Wold Knudsen C, et al. Relationship of B-type
natriuretic peptide and anemia in patients with and without heart
failure: a substudy from the Breathing Not Properly (BNP) Multinational Study. Am J Hematol 2005;80: 174–80.

891

[18] Willis MS, Lee ES, Grenache DG. Effect of anemia on plasma
concentrations of NT-proBNP. Clin Chim Acta 2005;358: 175–81.
[19] de Lemos JA, Morrow DA, Bentley JH, et al. The prognostic value of
B-type natriuretic peptide in patients with acute coronary syndromes.
N Engl J Med 2001;345: 1014–21.
[20] McFarlane SI, Winer N, Sowers JR. Role of the natriuretic peptide system
in cardiorenal protection. Arch Intern Med 2003;163: 2696–704.
[21] Wang TJ, Larson MG, Levy D, et al. Plasma natriuretic peptide levels
and the risk of cardiovascular events and death. N Engl J Med
2004;350: 655–63.
[22] Bibbins-Domingo K, Gupta R, Na B, Wu AH, Schiller NB, Whooley
MA. N-terminal fragment of the prohormone brain-type natriuretic
peptide (NT-proBNP), cardiovascular events, and mortality in patients
with stable coronary heart disease. JAMA 2007;297(2): 169–76.
[23] Ruo B, Rumsfeld JS, Hlatky MA, Liu H, Browner WS, Whooley MA.
Depressive symptoms and health-related quality of life: the Heart and
Soul Study. JAMA 2003;290: 215–21.
[24] WHO Technical Report Series, vol. 506; 1968. p. 5–37.
[25] Nair D, Shlipak MG, Angeja B, Liu HH, Schiller NB, Whooley MA.
Association of anemia with diastolic dysfunction among patients with
coronary artery disease in the Heart and Soul Study. Am J Cardiol
2005;95: 332–6.
[26] Ix JH, Shlipak MG, Liu HH, Schiller NB, Whooley MA. Association
between renal insufficiency and inducible ischemia in patients with
coronary artery disease: the Heart and Soul Study. J Am Soc Nephrol
2003;14: 3233–8.
[27] Randers E, Erlandsen EJ. Serum cystatin C as an endogenous marker
of the renal function—a review. Clin Chem Lab Med 1999;37:
389–95.
[28] Rule AD, Larson TS, Bergstralh EJ, Slezak JM, Jacobsen SJ, Cosio
FG. Using serum creatinine to estimate glomerular filtration rate:
accuracy in good health and in chronic kidney disease. Ann Intern Med
2004;141: 929–37.
[29] Okonko DO, Anker SD. Anemia in chronic heart failure: pathogenetic
mechanisms. J Card Fail 2004;10: S5–9.
[30] Silverberg DS, Wexler D, Iaina A. The importance of anemia and its
correction in the management of severe congestive heart failure. Eur J
Heart Fail 2002;4: 681–6.
[31] Metivier F, Marchais SJ, Guerin AP, Pannier B, London GM.
Pathophysiology of anaemia: focus on the heart and blood vessels.
Nephrol Dial Transplant 2000;15(Suppl 3): 14–8.
[32] Silverberg DS, Wexler D, Blum M, et al. The use of subcutaneous
erythropoietin and intravenous iron for the treatment of the anemia of
severe, resistant congestive heart failure improves cardiac and renal
function and functional cardiac class, and markedly reduces hospitalizations. J Am Coll Cardiol 2000;35: 1737–44.
[33] Anand IS, Chandrashekhar Y, Ferrari R, Poole-Wilson PA, Harris PC.
Pathogenesis of oedema in chronic severe anaemia: studies of body
water and sodium, renal function, haemodynamic variables, and
plasma hormones. Br Heart J 1993;70: 357–62.
[34] Androne AS, Katz SD, Lund L, et al. Hemodilution is common in
patients with advanced heart failure. Circulation 2003;107: 226–9.

