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Objectives: To examine N-terminal pro-brain natriuretic peptide (NT-proBNP) variability in plasma and urine
samples of patients with stable heart failure (HF) during a 24-month follow-up.
Design: Prospective study.
Setting: Teaching hospital based study.
Patients: 74 clinically and functionally stable patients (NYHA class 2¡0.5) out of 114 patients diagnosed
with HF were followed up, and NT-proBNP plasma and urine levels were measured at baseline, 12 and
24 months.
Results: Significant differences in mean urinary levels (p,0.01) were found during follow-up, but no changes
were found in plasma. Bland–Altman plots showed few variations in plasma percentages in the three intervals
(stage I–basal; stage II–stage I; stage II–basal) with a coefficient of reproducibility (CR) of 22%, 21% and 25%,
respectively. Changes in NT-proBNP urinary levels had a CR of 7.1%, 6.8% and 9.4% at the three intervals,
respectively. A good correlation was found between plasma and urinary levels of NT-proBNP (p,0.001) and
between the different NT-proBNP plasma (p,0.001) and urine measurements (p,0.001).
Conclusions: NT-proBNP plasma and urine levels show good stability in a 24-month follow-up of patients
with stable heart failure. Thus, assessment of urinary and plasma NT-proBNP concentrations may be a useful
tool for monitoring patients with HF during follow-up. The results suggest that variations in peptide
concentrations exceeding 22% in plasma and 7% in urine in a 12-month follow-up and 25% and 9% in a 24-
month follow-up may indicate pathophysiological changes.

C
ardiac natriuretic peptides are a family of hormones
secreted by cardiomyocytes, in response to ventricular
volume expansion and pressure overload.1 They have

potent diuretic, natriuretic and vascular smooth-muscle-relax-
ing effects and interact with the hormonal and nervous
system.2 3

The potential clinical usefulness of assays for natriuretic
peptides, especially B-type natriuretic peptide (BNP) or the N-
terminal fragment of proBNP (NT-proBNP), for screening of
heart disease,4 for stratification of patients with congestive
heart failure (HF),5 for detection of left ventricular systolic and/
or diastolic dysfunction,6 7 and for differential diagnosis of
dyspnoea,8 has been confirmed recently. Furthermore, the Task
Force of the European Society of Cardiology for the Diagnosis
and Treatment of chronic HF recommended that a natriuretic
peptide assay should be included in the first step of the
algorithm for the diagnosis of HF together with electrocardio-
graphy and chest x ray findings, on the basis of their strong
negative predictive value.9

Previous studies have evaluated the biological variation of
BNP and its related peptides in both healthy people10 and
patients with chronic HF.11 12 Higher variability was found in
BNP than in NT-proBNP plasma levels, because of its pulsatile
pattern of release and its rapid turnover.13 The diagnostic
accuracy and prognostic relevance of the assay of cardiac
natriuretic peptide was also evaluated in detail in all clinical
settings, including their use as screening methods in asympto-
matic subjects, as a diagnostic test in primary care, emergency
department, coronary care unit, cardiological ambulatory and
hospital care settings.14 Furthermore, urinary NT-proBNP levels
have been proposed as a valuable tool for diagnosis and
prognosis.15 Although the follow-up of change in NT-proBNP
levels is an established tool, studies determining simultaneously

the changes in urine and plasma over time in patients with
clinically stable HF have never been published. This would allow
us to know the usefulness of this peptide in the clinical arena. We
hypothesised that NT-proBNP levels in plasma and urine may
change over time even in patients with stable HF, limiting its
diagnostic and prognostic power.

Therefore, the purpose of this study was to analyse
simultaneously NT-proBNP variability in plasma and urine
samples during a 24-month follow-up, in a cohort of patients
with clinically and functionally stable HF. We also investigated
the plasma/urine ratio stability over time.

PATIENTS AND METHODS
Patients
The patients comprised 114 consecutive patients with HF
(mean (SD) age 64 (13) years, 72% male) who had been
diagnosed according to American Heart Association16 and
European Society of Cardiology9 heart failure criteria. An
electrocardiogram, chest x ray examination, modified
Naughton protocol and echo-Doppler study were performed.
The cause of HF was multifactorial: 45% ischaemic cardiomyo-
pathy, 40% dilated cardiomyopathy, 12% hypertensive cardio-
myopathy and 3% valvulopathy. Patients in atrial fibrillation,
with acute coronary syndromes, acute or chronic liver disease,
and pulmonary and renal diseases were not eligible. Of the 114
patients, 40 were not included in the study: 17 had died, 21 had
undergone non-fatal cardiac events and 2 could not be located.

Seventy-four patients met the criteria for inclusion and
stability, mean (SD) age 65 (11) years (range 39–86), and 74%

Abbreviations: CR, coefficient of reproducibility; E/A, flow velocity in
early diastole and during atrial contraction ratio; EF, ejection fraction;
HF, heart failure; NT-proBNP, N-terminal pro-brain natriuretic peptide
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were male. The cause of HF was 49% ischaemic cardiomyo-
pathy, 33% dilated cardiomyopathy, 14% hypertensive cardio-
myopathy and 4% valvulopathy. All patients had been receiving
stable medical treatment for at least 2 months before the study,
with ACE inhibitors, diuretics, b blockers, aldosterone antago-
nists, digoxin, calcium channel blockers and angiotensin
receptor antagonists II. The glomerular filtration rate was
calculated using the modified diet in renal disease equation.17

All patients were followed up until the end of the study at
month 24, with a three-stage sample collection: basal,
12 months (stage I) and 24 months (stage II). Informed
consent was obtained from each patient and the project was
approved by the hospital ethics committee and conducted in
accordance with the guidelines of the Declaration of Helsinki.

Sample collection
Samples were collected under standardised conditions to
minimise sources of preanalytical variation. A venous blood
specimen was taken by venepuncture between 08:00 and 10:00
with the subjects in a sitting position for at least 30 minutes.
Subjects also provided a urine sample, the first urine of the
day.18 Plasma samples were immediately centrifuged at 1300
rpm, 4 C̊, for 10 minutes, and the urine samples were
centrifuged twice at 13 200 rpm, 4 C̊, for 30 minutes to avoid
possible NT-proBNP measurement interference produced by the
precipitation of salts in urine. Both plasma and urine samples
were aliquoted and stored in cryotubes at –80 C̊ until further
analysis.

Measurement of NT-proBNP levels
NT-proBNP plasma and urine levels were determined in
duplicate using an electrochemiluminescence immunoassay
(ElecsysHproBNP from Roche Diagnostics, Germany) based on
the sandwich principle.19 20 The results are expressed as pg/ml
(equivalent to ng/l, SI units). The lower detection limit was
5 pg/ml, and intra-assay variation was 2.6%.

Echo-Doppler study
The echo-Doppler study was performed with standard echo-
cardiographic systems equipped with a 2.5 MHz transducer
used by the hospitals taking part in the study in their routine
clinical practice. For each patient, four consecutive beats were
measured and averaged for each Doppler variable. Standard
apical and parasternal long-axis views were recorded on
videotape and analysed at a central laboratory, using a
computerised system (Eco-dat; Software Medicina SA,
Madrid, Spain), blinded to the results of the NT-proBNP assay.

The ejection fraction (EF) was determined by the area–length
method and calculated as 100 6 ((telediastolic volume 2

telesystolic volume)/telediastolic volume). Pulsed-wave Doppler
was used to measure peak flow velocity in early diastole (E
wave) and during atrial contraction (A wave) at valve level; the
E/A ratio was calculated, and the E wave deceleration time was
also measured.

Statistical analysis
Continuous variables were expressed as mean (SD) and
categorical variables as a number of patients or percentage.
Results for each variable were tested for normality using the
Kolmogorov–Smirnov method. NT-proBNP plasma and urine
concentrations exhibit a non-normal distribution and were log
transformed (and proved to be normalised) before parametric
correlation analysis. Temporal changes in peptide levels and
ventricular variables were analysed using the paired Student’s t
test, and categorical variable changes were compared using the
McNemar test. To correlate temporal changes in NT-proBNP
urine and plasma levels with changes in EF, E/A, deceleration
time and modified Naughton protocol, Pearson’s coefficient
was determined. Correlation between NT-proBNP plasma and
urine levels at baseline, stage I and stage II was also determined
using Pearson’s coefficient, and correlation with either plasma
or urine levels at the different stages (basal, stage I and stage
II).

To compare both NT-proBNP plasma and urine levels over
two different time intervals (stage I 2 basal; stage II – basal;
stage II – stage I), we used the statistical method of Bland and
Altman.21 22 In this graphical method the percentage of change
of the averages ((NT-proBNP stage I – NT-proBNP basal)/
average stage I + basal)) is plotted against the average of the
two NT-proBNP measurements. This expression is useful to
normalise and compare the data without taking into account
the magnitude of the NT-proBNP measurement. Based on this
approach, the limits of agreement were determined by the
mean difference plus or minus the coefficient of reproducibility
(CR), where CR was calculated as 1.96 6SD of the percentage
of changes. In this case, a high CR indicates poor reproduci-
bility. A p value ,0.05 was considered significant for all
measures. All statistical analyses were performed using the
statistical package for social sciences (SPPS 10.1) software
(SPSS Inc., Chicago, Illinois, USA).

RESULTS
Table 1 summarises natriuretic peptide plasma and urine levels,
clinical characteristics and left ventricular functional measures
in the three stages for our 74 patients with stable HF. Statistical
differences in systolic blood pressure, ejection fraction and

Table 1 Clinical characteristics of the 74 patients with
heart failure over the entire study (basal, stage I = at 12
months, stage II = at 24 months)

Variable Basal Stage I Stage II

Age (years) 65 (11) 66 (11) 67 (11)
SBP (mm Hg) 128 (20) 130 (22) 125 (19)*
Heart rate (bpm) 76 (14) 73 (11) 75 (12)
Total cholesterol (mg/l) 1940 (4460) 1860 (310) 1830 (370)
Sodium (mEq/l) 139 (3) 140 (3) 140 (3)
Potassium (mEq/l) 4.6 (0.5) 4.7 (0.4) 4.5 (0.5)
GFR (ml/min/1.73 m2) 71 (22) 74 (21) 71 (21)
Packed cell volume (%) 42 (5) 42 (5) 42 (5)
BMI (kg/m2) 28 (5) 28 (6) 28 (4)
Hypertension (%) 50 54 57
Diabetes mellitus (%) 41 46 49
Smoking (%) 13 7 8
NYHA class 2 (0.5) 2.1 (0.5) 2.1 (0.6)
Treatment (%):

ACE inhibitors 79 75 74
Diuretics 76 79 77
b Blockers 60 65 70
Aldosterone antagonists 46 49 43
Digoxin 25 20 26
Calcium channel blockers 14 13 16
ARA II 10 11 15

Modified Naughton
protocol (s) 632 (36) 611 (34) 585 (31)
EF (%) 38 (10) 36 (11)* 36 (9)*
E/A 1.0 (0.6) 1.0 (0.6) 1.2 (0.8)
DT (ms) 214 (71) 199 (54) 201 (69)
Plasma NT-proBNP (pg/ml) 1237 (1737) 1241 (1748) 1043 (1153)
Urine NT-proBNP (pg/ml) 83 (23) 92 (28)� 89 (17)�
Plasma/urine NT-proBNP ratio 13 (15) 11 (11) 10 (9)*

Results are shown as mean (SD) unless otherwise indicated.
ACE, angiotensin-converting enzyme; ARA II, angiotensin receptor
antagonist; BMI, body mass index; DT, deceleration time; E/A, flow velocity
in early diastole and during atrial contraction ratio; EF, ejection fraction;
GFR, glomerular filtration rate; NT-proBNP, N-terminal pro-brain natriuretic
peptide levels; NYHA, New York Heart Association; SBP, systolic blood
pressure.
Significant difference versus basal levels: *p,0.05; �p,0.01.
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urine NT-proBNP were seen with respect to the basal stage
(p,0.05, p,0.05 and p,0.01, respectively). Haematological
and biochemical values, age, body mass index, left ventricular
diastolic function variables, plasma NT-proBNP, NYHA func-
tional class and treadmill results did not show any statistical
change.

When we analysed the scatter of NT-proBNP levels at each
stage—basal, stage I and stage II—we noted that few patients
had NT-proBNP levels .¡1 SD in basal (plasma 27%, urine
20%), stage I (plasma 27%, urine 7%) and stage II (plasma 28%,
urine 20%). Urinary levels of NT-pro-BNP showed less
variability between our patients with HF than between plasma
levels at all stages (basal: 1.90 (0.1) vs 2.85 (0.43); stage I: 1.95
(0.09) vs 2.84 (0.46); stage II: 1.94 (0.07) vs 2.83 (0.41),
respectively).

Figure 1 shows the mean levels of urine and plasma NT-
proBNP over the entire study. Urinary levels were lower than
NT-proBNP plasma levels (p,0.001). We found significant
changes in urinary levels (p,0.01), but no differences were
found in NT-proBNP plasma levels.

We also calculated the mean (SD) plasma/urine NT-proBNP
ratio over the entire study (basal: 13 (15); stage I: 11 (11), stage
II: 10 (9)) and found significant differences between stage II
and basal levels (p,0.05).

Figure 2 shows the Bland–Altman plots for changes in NT-
proBNP plasma levels over each of the intervals studied (A:
stage I – basal; B: stage II – stage I; C: stage II – basal). In the A
interval, 70 patients (94.6%) fell within 1.96 SDs of the mean.
The mean (SD) percentage change of peptide levels agreement
was –0.4 (11.4), with a CR of 22.4%. In the B interval, 69
patients (93.2%) fell within range of 1.96 SD with a mean
percentage of change of –0.31 (10.7) and CR of 21%. Finally, in
the C interval, 68 patients (91.9%) fell within 1.96 standard
deviations of the mean, with a mean change of –0.86 (12.7) and
CR of 24.9%.

Figure 3 shows the changes in NT-proBNP urinary levels in
the A, B and C intervals. The percentage of patients within 1.96
SDs of the mean was slightly higher than plasma levels (94.6%,
96% and 94.6%, respectively). Furthermore, the values of the
mean (SD) percentage change and CR were 2.52 (3.61) with a
CR of 7.1%; 20.55 (3.49) with a CR 6.8% and 2.18 (4.78) with a
CR 9.4%, respectively. For both plasma and urine samples
agreement, the Bland–Altman plots did not show a skewed
distribution on NT-proBNP. Thus, high reproducibility within
different measurements, without analytical bias, was estab-
lished in our group of patients with clinically and functionally

stable HF. This reproducibility was better in urine samples than
in plasma.

We calculated (fig 4), the correlation between plasma and
urinary peptide levels at the three stages (p,0.001).
Furthermore, when we analysed the correlation between the
different NT-proBNP measurements, we also found good
correlation between plasma (p,0.001) and urine levels
(p,0.001) (fig 5). Nevertheless, a slightly higher coefficient
of correlation was obtained in plasma than in urine

Figure 1 Urinary and plasma logarithm of NT-proBNP levels during a 24-
month follow-up. Measurements represent the mean at basal (1), stage I (2)
and stage II (3). NT-proBNP, N-terminal pro-brain natriuretic peptide
levels; stage I, 12-month follow-up; stage II, 24-month follow-up. **p,0.01
with respect to basal levels.

Figure 2 Bland–Altman plot showing agreement between the logarithm of
NT-proBNP plasma levels percentage change against the average of the
logarithm of NT-proBNP plasma levels in basal + stage I (A), stage I + stage
II (B) and basal + stage II (C). The solid line represents the mean of the
percentage change. The dashed lines define the limits of agreement
(standard deviation of percentage of change 61.96 SD). NT-proBNP,
N-terminal pro-brain natriuretic peptide; SD, standard deviation; stage I,
12-month follow-up; stage II, 24-month follow-up.
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NT-proBNP: basal versus stage I (r = 0.77 and r = 0.52) and
stage I versus stage II (r = 0.77 and r = 0.60) (fig 5).

DISCUSSION
NT-proBNP is a useful marker for diagnosis of left ventricular
dysfunction, offers diagnostic and prognostic value and may be
useful for guiding treatment in patients with HF either in
plasma7 9 23 or urine samples,15 24 on the basis of a high negative
predictive value. Previous studies have evaluated the biological
variation of BNP and NT-proBNP plasma levels in both healthy

people and patients with chronic HF over a short interval of
time (within a day and week to week).10 11 Recently, Bruins et al
have found higher variability in BNP than in NT-proBNP
plasma levels,11 because of its pulsatile pattern of release and its
rapid turnover,13 in patients with chronic HF.

In this work, we investigated simultaneously the biological
variation of plasma and urine NT-proBNP levels in a 24-month
follow-up of patients with stable HF who were given standard
medical treatments. Any influences deriving from fluid
intake, fluid infusion, exercise and circadian rhythm25228 were

Figure 3 Bland–Altman plot showing agreement between the logarithm of
the NT-proBNP urine levels percentage change against the average of the
logarithm of NT-proBNP urine levels in basal + stage I (A), stage I + stage II
(B) and basal + stage II (C). The solid line represents the mean of the
percentage change. The dashed lines define the limits of agreement (mean
of percentage of change 61.96 SD). NT-proBNP, N-terminal pro-brain
natriuretic peptide; SD, standard deviation; stage I, 12-month follow-up;
stage 2, 24-month follow-up.

Figure 4 Scatter plots of the association between log-transformed values
of plasma and urine NT-proBNP levels in basal (A), stage I (B) and stage II
(C). NT-proBNP, N-terminal pro-brain natriuretic peptide; stage I, 12-
month follow-up; stage II, 24-month follow-up.
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minimised by using the first urine of the day and by taking the
blood samples at the same time interval (08:00–10:00).
Furthermore, we believe that the data obtained from our
treated patients are more clinically useful for judging plasma
and urine NT-proBNP variation than the data reported from
untreated or asymptomatic patients.

In our 74 patients with clinically and functionally stable HF
there were neither clinical events nor significant differences in
the functional class or ventricular function. But a 2% change in
EF in stages I and II with respect to basal values was seen and
could potentially be attributed to the methodology used.29 For
the natriuretic peptide levels, our data indicate that both
plasma and urine NT-proBNP remain quite stable over time.
Nevertheless, we have found significant differences for urine
determinations in stages I and II compared with basal levels,
whereas plasma NT-proBNP remains unchanged. As a conse-
quence, the plasma/urine NT-proBNP ratio also showed
significant changes in stage II with respect to basal levels (10
(9) versus 13 (15)).

Another consideration of natriuretic peptide stability is that
NT-proBNP plasma and urine levels are strongly correlated in
the three different stages. As we have shown in previous work,16

urinary levels reflect plasma levels,15 and this finding was
confirmed in the three stages. Furthermore, we obtained a good
correlation over the entire study between plasma levels and
urine levels at the three stages, the correlation coefficients
being slightly higher for the plasma levels. These findings show
the high stability seen in both NT-proBNP urine and plasma
samples.

On the other hand, previous studies have established that the
estimated biological variation (within a day or week to week)
for natriuretic peptide should be ,30%.10 12 However, the
percentage change in our patients with HF over the entire
study (24-month follow-up) did not reach an SD value .13%
for plasma levels and .5% for urine levels over any of the three
intervals. Only a small group of patients showed a percentage
change surpassing these percentages at the different intervals
of time, in blood and urine samples. This difference between
results may occur because NT-proBNP levels were closely
regulated by specific pathophysiological mechanisms and these
variations reflect changes in the activation of the neuroendo-
crine system, and there were no changes in our left ventricular

haemodynamic and functional parameters. Furthermore, the
NT-proBNP immunoassay methods were not precise14 30 and
this influence on total variability has to be taken into account in
analysing our results.

One important practical consequence of this study is the
establishment of an NT-proBNP percentage change, from
which we can monitor the progress of these patients. Thus,
we suggest that all NT-proBNP measured variations, with a
coefficient of reproducibility (.1.96 SD percentage change)
above 22% in NT-proBNP plasma concentration and 7% for
urine, may be considered of potential clinical value in a 12-
month follow-up study. Both plasma and urine NT-proBNP
showed an expected increase in percentages of 3% and 2%,
respectively, for a longer follow-up of 24 months. Increases
greater than this must be evaluated by the clinicians because
the natriuretic peptide system has a close relationship with
neuroendocrine network activity and this variability may
indicate the presence of a clinical change.

Study limitations
We have to admit that a larger group of patients would have
provided additional information. However, the strict inclusion
criteria to be followed to form a group of 74 stable patients
during a 2-year follow-up study give our results even greater
value.

Another important consideration is that we selected patients
with stable HF without clinical or functional changes, but we
cannot rule out the possibility of subtle changes in neurohor-
monal and immunology systems that might potentially
influence the variability of the natriuretic peptide levels.
However, we think that because of this, our data are more
useful for judging the clinical variations in plasma and urine
NT-proBNP levels, and they have evident practical application.

It is known that the drugs given can influence peptide levels.
Some studies show a decrease in plasma BNP levels in patients
who receive treatment with spironolactone31 or with furose-
mide.32 Furthermore, one study concludes that renal excretion
of NT-proBNP is modified by enalapril,33 but it remains to be
determined if this is a direct effect of ACE-I. Thus, in order to
extrapolate our results, sample collection during a follow-up
study should be carried out in a stable therapeutic setting
similar to that presented in our work. Another aspect to

Figure 5 Correlation between basal and
stage I (A); and stage I and stage II (B) log-
transformed values of NT-proBNP plasma
levels and for NT-proBNP urine (C) and (D),
respectively. NT-proBNP, N-terminal pro-
brain natriuretic peptide; stage I, 12-month
follow-up; stage II, 24-month follow-up.
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consider is the influence that age may have on our results. The
age of our patients is representative of a usual cohort of subjects
with this diagnosis. However, the results possibly would not be
the same in a follow-up of patients of different ages.34

It has been reported that the measurement of ventricular
function is more precise when magnetic resonance is used.35

Nevertheless, the fact that examinations were all performed in
a centralised manner by a cardiologist helps us have confidence
in the reliability of our results.

CONCLUSIONS
This study shows that there is good stability in NT-proBNP
plasma and urine levels in a 24-month follow-up study of
patients with clinically and functionally stable HF. As a
consequence, assessment of urinary and plasma NT-proBNP
concentrations may be a useful tool for monitoring the follow-
up of patients with HF. Measured variations in peptide
concentration, exceeding 22% in plasma and 7% in urine in a
12-month follow-up and 25% and 9% in a 24-month follow-up,
may indicate pathophysiological changes.
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