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Background: In chronic heart failure (CHF), several plasma biomarkers identify subjects at risk of death over

the midterm. However, their long-term predictive value in the context of other candidate predictors has never

been assessed. This information may prove valuable in the management of a chronic disease with a long

natural history, as CHF is today.

Hypothesis: We aimed to assess the very-long-term prognostic power of a set of biomarkers to identify CHF

patients at highest risk for all-causemortality.

Methods: A group of 106 consecutive outpatients with CHF (85 male and 21 female, median age 56 y) was

followed for 15 years. Echocardiographic tracings and blood samples were collected at study entry to evaluate

cardiac function, plasma atrial natriuretic peptide (ANP), aldosterone, and erythropoietin, and plasma renin

activity. The relationships between biomarkers, clinical and echocardiographic variables, and mortality were

assessed.

Results: After 15 years, 86 of the 106 patients (81%) had died. Multivariate analysis showed that ANP was the

best independentpredictor of survival over several clinical, echocardiographic, and humoral variables (hazard

ratio: 5.62, 95% confidence interval: 3.37–9.39, P < 0.001 for plasma levels < median value of 71 pg/mL).

Plasma renin activity and erythropoietin provided prognostic information in univariate analysis, but lost their

predictive power when adjusted for covariates.

Conclusions: The present study represents the longest available follow-up of patients with CHF evaluating

the prognostic power of multiple biomarkers. It shows that a simple assessment of plasma ANP levels is the

strongest long-term predictor of death in all stages of heart failure.

Introduction
During past years, assessment of cardiac and extracar-
diac endocrine activity gained popularity in risk strat-
ification of patients with chronic heart failure (CHF).
Indeed, a number of circulating peptides and neurohor-
mones increase according to disease progression, reflect-
ing the magnitude of cardiac dysfunction.1 Accordingly,
plasma levels and activity of several biomarkers including
norepinephrine,2 renin,3 endothelin and big-endothelin,4

erythropoietin (EPO),5 atrial natriuretic peptide (ANP),6

and b-type natriuretic peptide (BNP)7 have been shown to
identify subjects at risk of death or worsening of CHF.

The prognostic value of natriuretic peptides has been
studied in patients with CHF and acute and chronic coro-
nary heart disease, and both ANP and BNP have been

This work was supported by a grant from MIUR 2001068248.
The authors have no other funding, financial relationships, or
conflicts of interest to disclose.

demonstrated to powerfully predict cardiovascular mor-
bidity and mortality.7 – 11 Although previous studies have
addressed the prognostic implications of elevated natriure-
tic peptide plasma levels in CHF over the midterm,6,9,12 – 15

their very-long-term predictive value as compared with
clinical, echocardiographic, and other neurohormonal
markers has not been addressed. This information may
prove valuable in the management of a chronic disease
with a long natural history, as CHF is today.16 – 18

The aim of the present prospective follow-up study was
to assess the very-long-term prognostic power of a set of
biomarkers to identify CHF patients at high risk for all-cause
mortality.

Methods
Study Patients

A total of 106 consecutive patients with CHF were recruited
in the outpatient clinic for heart failure at the University
Hospital of Naples (Italy) between 1989 and 1990. The

700 Clin. Cardiol. 33, 11, 700–707 (2010) Received: April 14, 2010

Accepted with revision: June 9, 2010Published online in Wiley Online Library. (wileyonlinelibrary.com)
DOI:10.1002/clc.20813© 2010Wiley Periodicals, Inc.



experimental protocol was approved by the local ethical
committee, and patients gave written, informed consent
before entering the study.

The diagnosis of CHF was based on Framingham
criteria.19 Post-ischemic heart failure was diagnosed based
on coronary angiography and clinical history of myocardial
infarction. Patients were considered to have valve disease-
related CHF after other causes of heart failure were
ruled out, and when moderate to severe valve dysfunction
had been diagnosed before the onset of left ventricular
(LV) dilation, impairment of ejection fraction (EF), or
occurrence of CHF symptoms. Patients were considered
to have idiopathic dilated cardiomyopathy (IDC) when no
underlyingcauses of CHF, including patent abnormalitiesof
coronary angiograms, could be demonstrated.Patients with
unstable angina, end-stage renal disease, and recent acute
cardiac decompensation were excluded from the study.

Laboratory Methods

All blood samples were collected between 8 AM and 9 AM.
Samples were collected on ice and spun immediately;
plasma was then separated and frozen until the time
of assay. Plasma renin activity (PRA) was measured by
radioimmunoassay according to the method described by
Menard and Catt20 (sensitivity, 50 pg per tube angiotensin I;
intra-assay and interassay variability coefficients 6% and
10%, respectively).Plasma immunoreactiveANP levels were
determined by radioimmunoassay as previously described
by our laboratory.21 The radioimmunoassay sensitivity was
1 fmol per tube. Plasma aldosterone concentrations were
estimated by a radioimmunoassay using a commercial
kit (DPC, Los Angeles, CA). Plasma EPO levels were
measuredby using a sensitive immunoenzymaticassay with
a detection threshold of 1 mU/mL (Amgen Diagnostics,
Thousand Oaks, CA). The intra-assay and interassay
coefficients of variation were 2.5% to 10% and 10% to 15%,
respectively.22

Statistical Analysis

Baseline characteristics of the patients are presented as
percentage for dichotomous variables and median value
(range) for continuous variables. Verification of normal
distribution of data was accomplished using histograms
and Kolmogorov-Smirnov test. Neurohormonal plasma con-
centrations showed a logarithmic normal distribution,
and were consequently logarithmically transformed. Dif-
ferences between median levels of plasma neurohormones
among New York Heart Association (NYHA) classes and
quartiles of EF were assessed using Kruskal-Wallis test.
A Pearson correlation analysis was performed between LV
end-diastolic diameter (LVDd), EF, and log-neurohormonal
plasma concentrations. Survival curves were estimated by
means of the Kaplan-Meier method. Differences in sur-
vival were compared using the log-rank test. To evaluate

the significance of predictors of all-cause mortality, hazard
ratios (HR) and 95 percent confidence intervals (CI) were
derived from 2 Cox proportional-hazards regression models
(Model 1 and Model 2). Both multivariate models were
fitted with baseline covariates associated with mortality by
univariate analysis at the 0.1 significance level. Neurohor-
mones where entered as continuous variables in Model 1
and as categorical variables in Model 2 (> vs < median val-
ues). A stepwise backward elimination analysis was applied
for both models, and the P value for entering and staying
in the model was set at <0.05 and <0.1, respectively. The
proportional-hazards assumption was checked by plotting
Schoenfeld residuals summarized by a loess smoothing
line against survival time for continuous variables, and by
the log-minus-log test of proportionality for categorical vari-
ables. Both models were assessed for multicollinearity. All
tests were 2-sided, and a P value of <0.05 was consid-
ered statistically significant.All calculations were generated
using SPSS, version 15.0 (SPSS Inc., Chicago, IL).

Results
Table 1 shows the baseline clinical and echocardiographic
characteristics, as well as plasma biomarkers, of the 106
patients in the study population.

All patients were clinically stable and kept on optimal
medical treatment for CHF according to the therapeutic
options available during the period of follow-up. Of note, use
of β-blockers was not recommended for the treatment of
CHF when the study began and was therefore not recorded
at study entry.

Patients were relatively young, with a median age of
56 years, and predominantly male. The most common
etiology of CHF was coronary artery disease (59.4%), and
median left ventricular ejection fraction (LVEF) was 35%. In
general, patients with advanced LV dysfunction and more
severe symptoms tended to have higher levels of plasma
biomarkers than did patients with less-severe disease.
However, whereas PRA, ANP, and EPO showed a clear
stepwise increase according to the progression of NYHA
class and impairment of EF (Figure 1), aldosterone did not.
As shown in Table 2 and Figure 2, ANP levels exhibited the
most significant correlation with LVDd and EF.

After 15 years of follow-up, 86 of the 106 patients (81.1%)
had died. Detailed information on the causes of death were
available for almost all patients. Deaths were attributed to
progression of CHF (56.9%), sudden death (11.7%), acute
myocardial infarction (6.9%), cardiogenic shock (3.5%), acute
pulmonaryedema (2.3%), pneumonia(2.3%), end-stagerenal
disease (1.2%), stroke (1.2%), pulmonary embolism (1.2%),
other noncardiac causes (10.5%), and nondefined causes
(2.3%).

Mortality rates were significantly higher in patients with
baseline ANP and EPO levels above the median value
(71 pg/mL for ANP and 4.4 mU/mL for erythropoietin),
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Clinical Investigations continued

Table 1. Baseline Characteristics of the Study Population

Characteristic N = 106

Age, y (range) 56 (28–77)

Sex, male, n (%) 85 (80.2)

Etiology of CHF, n (%)

CAD 63 (59.4)

IDC 32 (30.2)

VHD 11 (10.4)

NYHA class, n (%)

I 28 (26.4)

II 27 (25.5)

III 30 (28.3)

IV 21 (19.8)

LVDd, mm, median (range) 64 (43–87)

EF, %, median (range) 35 (10–56)

Heart rate, bpm, median (range) 72 (50–130)

HT, n (%) 26 (24.5)

DM, n (%) 21 (19.8)

Creatinine, mg/dL, median (range) 1.1 (0.7–1.6)

ANP, pg/mL, median (range) 71 (2–971)

EPO, mU/mL, median (range) 4.4 (1–131)

Aldosterone, pg/mL, median (range) 88 (10–1002)

PRA, ng/mL/h, median (range) 2.6 (0.3–26)

CHF treatment, n (%)

ACEIs 51 (48.1)

Cardiac glycosides 32 (30.2)

Diuretics 64 (60.4)

Nitrates 26 (24.5)

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ANP,

atrial natriuretic peptide; CAD, coronary artery disease; CHF, chronic

heart failure; DM, diabetes mellitus; EF, ejection fraction; EPO, ery-

thropoietin; HT, hypertension; IDC, idiopathic dilated cardiomyopathy;

LVDd, left ventricular end-diastolic diameter; NYHA, New York Heart

Association; PRA, plasma renin activity; VHD, valvular heart disease.

with clear and early separation of curves and marked
stepwise increase in the cumulative incidence of mortality
(Figure 3C,D). On the contrary, baseline PRA and aldos-
terone did not stratify long-term prognosis (Figure 3A,B).

Among all of the available clinical variables, age, NYHA
class, LVEF, LVDd, heart rate, use of diuretics at study
entry,PRA (as continuousvariable),EPO, and ANP (both as
continuous and categorical variables) emerged as predictors
of death by univariate analysis (Table 3).

Independent predictors of all-cause mortality at 15 years
were calculated from 2 different Cox regression models.

As ANP and EPO showed high correlation (r = 0.54,
P < 0.01), they were considered mutually exclusive and
separately entered into the models. Although EF showed
significant correlation with ANP plasma levels (r = −0.60,
P < 0.001), we decided to keep the variable in the model,
as EF is a well-known predictor of death in CHF.

When the first Cox regression model (Model 1) was
fitted with all of the covariates predictive of mortality
at the 0.1 significance level by univariate analysis, only
plasma ANP and age independently predicted long-term
survival, with ANP emerging as by far the most powerful
independent predictor of all-cause mortality (Table 3). ANP
and age independently predicted death even when the
neurohormone was entered into the second multivariable
model (Model 2) as a dichotomous variable, with NYHA
class emerging as a significant independent predictor of all-
cause mortality (Table 3). After exclusion of ANP, EPO did
not independently predict survival, whereas EF emerged
as a significant independent predictor in both models
(Table 3). Excluding from the analysis patients with atrial
fibrillation (n = 13), which has an independent influence
on ANP plasma levels, did not substantially affect ANP HRs
(3.28, 95% CI: 2.4–4.49, P < 0.001 in Model 1, and 3.79, 95%
CI: 2.00–7.20, P < 0.001 in Model 2).

Discussion
The main finding in our study is that baseline ANP
provides the strongest long-term prognostic information
on all-cause mortality in patients with mild to severe CHF.
Indeed, while other biomarkers did not predict survival
(aldosterone) or failed to provide prognostic information
when adjusted for other covariates (PRA and EPO), ANP
predicted death from any cause independently from other
well-known prognosticators.

Among a number of studies aimed to determine the
prognostic value of various biomarkers in CHF, ANP
consistently was shown to predict survival over the
midterm.6,9,12,14,15 However, this is the first time that a
biomarker is reported to predict survival in CHF better
than any other clinical or functional predictors over such
a long observational period. In a follow-up study on a
large population of CHF patients, Berger et al15 found
the N-terminal fragment N-ANP to be the best independent
predictor of a combined endpoint of death and urgent cardiac
transplantation at 2 and 3 years. Of note, when the full
spectrum of CHF severity was considered, N-ANP showed
to be superior to BNP in predicting the outcome. These
findings are consistent with those of Selvais et al,23 who
reported that N-proANP was better than BNP in predicting
3-year mortality. In a direct comparison of N-ANP, N-BNP,
and BNP, Hülsmann et al6 reported that mortality-risk
estimationwas similar for the 3 peptides.However,mortality
after 43 months was 0 in patients with normal N-ANP levels,
being 4% and 6% in patients with normal values of N-BNP
and BNP, respectively.6
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Figure 1. PRA, aldosterone, ANP, and EPO plasma levels according to NYHA class and quartiles of EF (first: >44%; second: 34%–44%; third: 24%–33%;

fourth: <24%). Significances are by Kruskal-Wallis test. Abbreviations: ANP, atrial natriuretic peptide; EF, ejection fraction; EPO, erythropoietin; NYHA, New

York Heart Association; PRA, plasma renin activity.

In general, comparison among biomarkers is difficult
due to differences in study design and populations.
Therefore, single biomarkers may be ranked differently
according to the clinical stage of the patients and the
length of the follow-up.15 This likely reflects differences
in the pathophysiology of each biomarker. Plasma ANP
mostly reflects atrial-wall stretch, but its secretion from
the ventricles increases according to the progression
of CHF. On the contrary, BNP is secreted from the
ventricles.24 With progression of CHF, LV dysfunction
couples with additional factors, such as mitral regurgitation
and worsening of diastolic dysfunction, that may increase
more atrial than ventricular wall stress. This may explain

why BNP powerfully predicts the short-term risk of sudden
death in milder stages of CHF, whereas N-ANP takes over
in predicting death owing to progressive heart failure in
more diseased subjects and in longer follow-up. In our study
population, the rate of sudden death is lower than expected
based on other studies in CHF patients.25– 27 However, our
population comprises a considerable number of patients
with severe symptoms, who are known to be more prone
to die from progressive heart failure rather than sudden
death.28,29

In 1994, we first reported that plasma EPO increases
according to NYHA class progression in patients with heart
failure.22 In 2 previous analyses on small populations, plasma

Table 2. Correlation Between Echocardiographic Variables and Biomarkers

Variable PRA, ln ANP, ln Aldosterone, ln EPO, ln

EF (%) r = −0.36, P = <0.001 r = −0.60, P = <0.001 r = −0.11, P = 0.25 −0.42, P = <0.001

LVDd (mm) r = 0.18, P = 0.05 r = 0.42, P = <0.001 r = 0.03, P = 0.74 0.14, P = 0.13

Abbreviations: ANP, atrial natriuretic peptide; EF, ejection fraction; EPO, erythropoietin; LVDd, left ventricular end-diastolic diameter; PRA, plasma renin

activity.
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Clinical Investigations continued
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Figure 3. Overall survival among patients with CHF according to median plasma levels of (A) PRA, (B) aldosterone, (C) ANP, and (D) EPO. P < 0.001 for ANP
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Table 3. Hazard Ratios for All-Cause Mortality in Univariate and Multivariate Analyses

Univariate Analysis Multivariate Analysis

Variable UnadjustedHR (95% CI) P Value Model 1, Adjusted HR (95% CI) P Value Model 2, Adjusted HR (95% CI) P Value

Age 1.06 (1.03–1.09) <0.001 1.02 (1.0–1.05) 0.03 1.05 (1.02–1.08) <0.001

DMa 1.65 (0.99–2.73) 0.05 . . . NS . . . NS

CHF etiologyb 1.49 (0.95–2.33) 0.07 . . . NS . . . NS

CHF severity (NYHA)c 2.94 (1.89–4.56) <0.001 1.73 (1.05–2.85)d NS 1.79 (1.12–2.87) 0.01

LVEF 0.95 (0.93–0.97) <0.001 0.96 (0.94–0.98)d <0.01 0.96 (0.94–0.98)d NS

LVDd 1.06 (1.03–1.09) <0.001 NA NA NS

Heart rate 1.03 (1.01–1.04) 0.002 . . . NS . . . NS

Use of diureticse 2.78 (1.73–4.44) <0.001 . . . NS . . . NS

Log ANP 4.15 (2.60–6.61) <0.001 3.15 (2.34–4.25) <0.001 NA

Log EPO 1.46 (1.22–1.74) <0.001 d NS NA

Log PRA 1.23 (0.96–1.56) 0.08 . . . NS NA

ANP (categorical)f 6.23 (3.80–10.20) <0.001 NA 5.62 (3.37–9.39) <0.001

EPO (categorical)g 1.97 (1.28–3.04) <0.01 NA d NS

Abbreviations: ANP, atrial natriuretic peptide; CI, confidence interval; DM, diabetes mellitus; EF, ejection fraction; EPO, erythropoietin; HR, hazard ratio;

LVDd, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; NA, not applicable; NS, not significant; NYHA, New York Heart

Association; PRA, plasma renin activity.
a Presence vs absence of diabetes.
b Ischemic vs nonischemic etiology.
c NYHA classes III and IV vs NYHA classes I and II.
d Hazard ratios are given for Model 1 and Model 2 not incorporating ANP as a covariate (high collinearity with EPO).
e Presence vs absence of diuretics in drug therapy.
f ANP> vs ≤ median value (71 pg/mL).
g EPO> vs ≤ median value (4.4 mU/mL).

EPO independently predicted survival in CHF patients over 2
to 3 years.5,30 In our study, erythropoietinpredicted survival
only in univariate analysis, losing its prognostic power when
adjusted for other covariates. Marked difference in the
length of follow-up is the most convincing explanation for
this discrepancy.

As far as the length of the observational period is
concerned, data on the very-long-term prognostic value
of biomarkers in CHF are sparse. Alehagen et al31 reported
that N-ANP, N-BNP, and BNP provide long-term (ie, 6 yrs)
prognostic information on the risk of cardiovascular death
in a population of subjects with ‘‘possible’’ heart failure.
Unlike our present analysis, <50% of patients in that study
had either systolic or diastolic dysfunction according to
Doppler echocardiography.31 In one of the few long-term
follow-up studies on neurohormonal prognosticators, Van
Beneden et al4 found that big endothelin-1 and endothelin-1
were superior to natriuretic peptides in predicting survival
over a 7-year follow-up. However, this was true only for a

small subgroupof selectedpatientswith severeCHF (NYHA
classes III and IV).

Different studies have reported an improvement in
survival from CHF over the past decades.32 – 35 As the
natural history of CHF is progressively prolonging, its
epidemiological impact is gradually increasing. In this view,
the availability of biomarkers that may help long-term
prognostic stratification will certainly assist the complex
clinical approach and management of the disease.

Study Limitations

Some limits of our study need to be mentioned. First,
as a reflection of the length of the observational period,
treatment standards for CHF have been markedly changing
throughout the time course of our study, and patient
therapy has been gradually updated with the introduction
of β-blockers and aldosterone antagonists, up-titration of
angiotensin-converting enzyme inhibitors, as well as the
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Clinical Investigations continued

introduction of cardiac resynchronization therapy and
implantable cardioverter-defibrillators.

Second, we assessed plasma levels of the C-terminal
fragment ANP and not N-ANP. However, the correlation
between ANP and N-ANP is very high, and ANP has been
reported to lose its prognostic power in multivariate models
only after adjustment for N-ANP.36

Finally, we did not assess BNP, because at the end of
the 1980s the scientific community was not clearly aware of
the role of BNP in the pathophysiology of CHF. However,
ANP and BNP act differently in specific disease states24,37,38

and provide independent prognostic information according
to disease progression and mode of death.9,12,13,23,39

Conclusion
This study represents the longest available prospective
follow-up of patients with CHF assessing the prognostic
implications of a set of biomarkers in comparison with
multiple well-known predictors of death. It brings up the
evidence that a simple assessment of ANP plasma levels is
the strongest predictor of death in all stages of heart failure
over the very long term.

References
1. Schrier RW, Abraham WT. Hormones and hemodynamics in heart

failure. N Engl J Med. 1999;341:577–585.
2. Madsen BK, Keller N, Christiansen E, et al. Prognostic value of

plasma catecholamines, plasma renin activity, and plasma atrial
natriuretic peptide at rest and during exercise in congestive heart
failure: comparison with clinical evaluation, ejection fraction, and
exercise capacity. J Card Fail. 1995;1:207–216.

3. Latini R, Masson S, Anand I, et al. The comparative prognostic
value of plasma neurohormones at baseline in patients with heart
failure enrolled in Val-HeFT. Eur Heart J. 2004;25:292–299.
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