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ABSTRACT

Background: There are conflicting data on the usefulness of B-type natriuretic peptide (BNP) and N-ter-
minal proBNP (NT-proBNP) in the optimization of therapy for heart failure (HF). Discordant results may
be explained by the intra-individual variability of these peptides. This study evaluates the intraindividual
variability of BNP and NT-proBNP and the impact of the covariates of age, sex, and renal function.
Methods and Results: Stable HF patients attending our unit were included. Blood samples were drawn 1
hour apart on 2 occasions 1 week apart. Forty-five patients were enrolled (69.6 6 12.1 years, 64% male,
84% systolic HF). Within-hour and within-week intraindividual variability were: 6.9% and 21.1% for
NT-proBNP; 14.6% and 28.4% for BNP (P ! .01 for within-hour comparison of BNP and NT-proBNP).
Reference change values over 1 week for NT-proBNP and BNP were 49.2% and 66.2%, respectively.
There were no significant relationships identified between variability and age, gender, or glomerular filtra-
tion rate.
Conclusion: There is considerable intraindividual variability in these peptides in stable HF patients.
Changes of approximately 50% and 66% for NT-proBNP and BNP from week to week are needed to
indicate an altered clinical status and caution should be exercised in interpreting serial changes in these
peptide levels when monitoring patient responses to treatment or clinical status. (J Cardiac Fail
2007;13:50e55)
Key Words: Intraindividual variability, Heart failure drug titration, Chronic disease management, Clinical
assessment.
B-type natriuretic peptide (BNP) and N-Terminal
proBNP (NT-proBNP) are cardiac markers used to aid the
diagnosis and management of heart failure. Evidence of
value has been shown in screening for asymptomatic left
ventricular systolic dysfunction,1 aiding the new diagnosis
of heart failure, establishing prognosis in heart failure and
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postinfarction2e5 and in the triage of patients in the
emergency room with acute dyspnea.6

Recently, BNP has been evaluated in monitoring and
titrating heart failure treatments in an effort to individualize
and optimize therapy.7 It has been shown that patients do
better when angiotensin-converting enzyme inhibitors are
titrated according to BNP and NT-proBNP concentrations
compared with clinical judgement.7,8 In contrast, the addi-
tion of BNP as a guide to b-blocker titration did not alter
clinical status,9 whereas other research has found that
BNP levels do not always correlate with health status or
clinical outcomes.10,11 Finally, data from our own unit indi-
cate that changes in BNP are not a sensitive predictor of
proven clinical deterioration.12

An explanation for these discordant results may be the
analytic and biologic variability of BNP and NT-proBNP.
0
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Taken together, these give the total intraindividual variabil-
ity, which can be used to determine the reference change
value or the magnitude of change in serial results that can
be considered ‘‘real’’ change.13

There are a limited number of studies addressing
natriuretic peptide variability in heart failure. Wu et al
have demonstrated significant variation in BNP levels in
both healthy individuals and a small number of heart failure
patients.14 Bruins et al recently demonstrated similar find-
ings in a larger cohort of stable heart failure patients.15

However, it is known that age, gender, and renal function
affect natriuretic peptide levels;16,17 yet, to date, there are
no data on the impact of these factors on intraindividual var-
iability. The aims of this study were to determine the intra-
individual variability of BNP and NT-proBNP over 1 hour
and over 1 week in a stable heart failure cohort. We also
aimed to identify independent predictors of within-hour
and within-week variability of these peptides in this sample.

Methods

Design

This was a single-center study, approved by the medical ethics
committee of St. Vincent’s University Hospital and fulfilled the
conditions of the Declaration of Helsinki. Patients were recruited
from St. Vincent’s University Hospital Heart Failure Unit.
Informed consent was obtained from all patients.

Patient Population

Consecutive consenting heart failure patients reviewed at the
unit over a 3-month period and deemed clinically stable by the
attending physician were invited to participate in the study. Clin-
ical stability was defined as no change in clinical status or medi-
cations in the 4 weeks before recruitment. Patients with both
systolic dysfunction and preserved systolic function heart failure
and those older than age 18 years were included.

Study Protocol

Patients were given 2 appointments with the Heart Failure Unit.
The appointments were arranged for the same time of day, 7 days
apart. At both appointments, the patients were interviewed and ex-
amined to assess clinical stability. Current medications were noted
at both visits. The same equipment was used throughout the study to
assess blood pressure, heart rate, and body weight. At both visits,
patients were requested to lie in a supine position for 30 minutes
after physical examination and intravenous cannulation. Parallel
blood samples were then collected for NT-proBNP and BNP analy-
sis at 30 minutes (Time 1) and at 90 minutes (Time 2). Blood for cre-
atinine analysis was collected at Time 2 only at both visits.

Within-hour intraindividual NT-proBNP and BNP variation was
calculated from the 2 measurements taken 1 hour apart (Time 1 and
Time 2) on Day 1 of the study. Within-week intraindividual varia-
tion was calculated from the measurements taken at Time 1 on
Day 1 of the study and the corresponding measurements taken 1
week later. We also examined within-hour variability using the sec-
ond visit and within-week variability using the second time point.
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Analytical Methods

BNP Analysis. Samples for BNP assessment were drawn
into Vacutainer tubes containing EDTA (Becton Dickinson, Ox-
ford, UK). All samples were analyzed within 10 minutes of collec-
tion using the Triage BNP test (Biosite Corporation, San Diego,
CA), a point-of-care analyzer that employs murine monoclonal
and polyclonal antibodies in a fluorescence immunoassay.18,19

NT-proBNP Analysis. Samples for NT-proBNP assess-
ment were drawn into Vacutainer tubes containing EDTA (Becton
Dickinson, Oxford, UK). Within 2 hours of blood collection, all
samples were transported to the laboratory, centrifuged, and the
separated plasma EDTA was placed in storage at �20�C until
time of analysis. NT-proBNP concentrations were measured
on the Elecsys 1010 system (Roche Diagnostics, Lewes, UK).
The assay is an electrochemiluminescent sandwich immunoassay
that employs 2 polyclonal antibodies that recognize epitopes
located in the N-terminal part (1e76) of proBNP (1e108).20,21

Creatinine Analysis. Samples for creatinine assessment
were drawn into Vacutainer tubes containing EDTA (Becton Dick-
inson, Oxford, UK). All samples were transported to the labora-
tory, centrifuged, separated, and transferred into daughter plastic
tubes and stored at �20�C before analyses. Creatinine concentra-
tions were measured on the Beckman Synchron LX20 analyser
(Jaffe reaction). Creatinine clearance was estimated using the
National Kidney Foundation approved Modification of Diet in
Renal Disease formula (MDRD-4 variable, abbreviated formula)
and was based on age, gender, plasma creatinine level (mmol/L),
and race (white). 22

Total Coefficient of Variation (CVT). The total coeffi-
cient of variation (CVT) of an analyte is composed of both analytic
variation and biologic variation. Each patient’s within-hour CVT

for both NT-proBNP and BNP was calculated from the standard
deviation of the respective values at time 0 and 60 minutes.
Within-week CVT was calculated from the Time 1 measurements
taken on both days of the study.

Analytical Coefficient of Variation (CVA). Analytical
coefficient of variation (CVA) or imprecision describes the
reproducibility of the measurement of an analyte. The CVA for
the BNP assay used in this study was assessed from duplicate
measurements of 23 patient samples.23 The CVA for the
NT-proBNP methodology used in this study was estimated from
the mean and standard deviation of two control sera (PreciControl
Cardiac 1, Lot No 16886799; PreciControl Cardiac 2, Lot No
16886699, Roche Diagnostics, Lewes, UK) assayed 20 times in
separate runs.

Intraindividual Coefficient of Variation (CVI). Intra-
individual coefficient of variation (CVI) is the random variation
that occurs around a homeostatic setting point in an individual.
The mean CVT and CVA values for NT-proBNP and BNP were
used to derive the mean CVI using the following formula:

Mean CVI5
�
mean CV2

T �mean CV2
A

�½

Reference Change Value (RCV) Calculation. To esti-
mate what constitutes a clinically meaningful change in BNP
and NT-proBNP, reference change values (RCVs) over 1 week
were calculated using the following formula:24

RCV5
ffiffiffi
2
p

x Zx CVT ; where Zða50:05Þ51:65
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Statistical Analysis

Data are presented as mean 6 standard deviation (SD) and
frequencies and percents as appropriate unless otherwise stated.
The Mann-Whitney nonparametric test was used to make compar-
isons between CVT values above and below median BNP and
NT-proBNP baseline values. The Wilcoxon nonparametric test
was used to compare within-hour and within-week variation
between NT-proBNP and BNP. For univariable and multivariable
analysis, nonnormal variables were log-transformed. Linear re-
gression was used to assess the independent predictors of both
within-hour and within-week variation in BNP and NT-proBNP.
Predictors introduced into the univariable and multivariable
models are outlined in Table 1. Both within-hour variation in
BNP and NT-proBNP were dichotomized using the estimated
RCVs (Table 2) to examine if within-hour variation was predictive
of within-week variation. All analysis was conducted using SPSS
(Statistical Package for the Social Sciences, version 11).

Results

Forty-five patients were enrolled in this study. The
baseline demographics for this population are presented
in Table 1. This sample is representative of a community-
based heart failure population (69.6 6 12.1 years, 64%
male, 84% systolic heart failure, 62% ischemic etiology).

There was no symptomatic change, change in volume
status, or medications (cardiac and noncardiac) between
Week 1 and Week 2. Creatinine and body weight measure-
ments were also similar (Week 1 versus Week 2: 167.0 6

196.7 mmol/L versus 166.9 6 196.8 mmol/L, P 5 .89 and
83.0 6 18.2 Kg versus 83.3 6 18.2 Kg, P 5 .16, no patient

Table 1. Baseline Demographics of Study Sample

Demographics
Mean 6 Standard
Deviation/n (%)

n 45
Age: median (range) 70.4 (38e89)
Gender: male 29 (64%)
New York Heart Association: I 10 (22%)
II 26 (58%)
III 9 (20%)
Weight (kg) 83 6 18
Body mass index (kg/m2) 33.5 6 13.9
Systolic blood pressure/diastolic blood

pressure (mm Hg)
133/72 6 22/15

Heart rate (bpm) 66 6 10
Ischemic 28 (62%)
Hypertensive 13 (29%)
Systolic dysfunction 38 (84%)

Medications
Angiotensin-converting enzyme

inhibitor/ARB
40 (89%)

b-blocker 38 (84%)
Nitrate 24 (53%)
Statin 28 (62%)
Diuretic 43 (96%)
Digoxin 13 (29%)

Biochemical markers Median (range)
Creatinine (mmol/L) 118 (51e871)
GFR (mL/min) 52 (5e152)
B-type natriuretic peptide (pg/mL) 158 (5e758)
N-terminal proBNP (pg/mL) 781 (49e10,492)

ARB, angiotensin receptor blocker; GFR, glomerular filtration rate.
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with change of weight O1 kg). There was no significant
change in within-week BNP (Week 1 versus Week 2:
219.4 6 210.3 pg/mL versus 210.4 6 224.6 pg/ml, P 5

.88) and NT-proBNP (Week 1 versus Week 2: 1385.4 6

1912.4 pg/mL versus 1305.1 6 1685.9 pg/ml, P 5 .39).
Similarly, there was no significant change in within-hour
BNP (0 min versus 60 min: 219.4 6 210.3 pg/mL versus
200.2 6 189.3 pg/mL, P 5 .12) and NT-proBNP (0 min
versus 60 min: 1385.4 6 1912.4 pg/mL versus 1359.2 6

1751.2 pg/mL, P 5 .12).

Variability

Figure 1 displays the median and interquartile within-
hour and within-week variation for both BNP and
NT-proBNP. Table 2 provides mean (SD; range) of all
variability calculations and demonstrates that there were
no differences in estimates of variability over 1 hour
when either visit 1 or visit 2 was used. Furthermore there
were no differences in the estimates of the within-week
variation when either the 0- or 60-minute assay was used.

We dichotomized the BNP and NT-proBNP values using
median baseline absolute values as a cutoff. Individuals
above the median did not have significantly higher variabil-
ity for either biomarker (all P O .05).

The CVA, CVI, and RCVs of both within-hour and within-
week variation in BNP and NT-proBNP are shown in Table 3.
Within-week variation was greater than within-hour varia-
tion for both analytes (P ! .01). The observed CVA was
greater for the BNP measurements on the triage meter
(13.7%) than for the NT-proBNP measured on the Roche
Elecsys (2.8%); both figures were in accordance with the sup-
pliers’ data ranging between 9.9% and 12.2% for BNP and
2.4% and 3.2% for NT-proBNP. Both the within-hour and
within-week mean CVT were greater for BNP than for NT-
proBNP respectively (within-hour: 14.6 6 12.5% versus
6.9 6 7.2% P ! .01; within-week: 28.4 6 23.4% versus
21.1616.8%, P 5 .06). Similarly, the RCV percentage
values were greater for BNP than for NT-proBNP. No statis-
tical differences were found between variability for above
and below the median values for either BNP or NT-proBNP.

Predictors of Within-Hour and Within-Week Variation
in Log BNP and Log NT-proBNP

Univariable analysis demonstrated a trend toward a rela-
tionship between GFR and log-transformed within-hour
variation in BNP (b 5 0.06, P 5 .07). In univariable anal-
ysis within-hour variation in BNP (dichotomized by
RCV540.4%) was significantly predictive of within-week
variation (b 5 0.30, P 5 .04). However, multivariable anal-
ysis (controlled for gender and age) did not identify any
independent predictors of within-hour or within-week
variation in either log transformed BNP or NT-proBNP.

Discussion

The results of this study provide further insight into the
usefulness of BNP in the management of heart failure. In
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contrast to the group means in which no significant differ-
ences were observed, the data demonstrate sizable intrain-
dividual variability in clinically stable patients. This is
evident both within 1 hour and in samples taken 1 week
apart. The difference over 1 week is particularly large,
with RCV values of 49.2 and 66.2% for NT-proBNP and
BNP, respectively. This variability was as marked above
and below the median values for this population. Although
within-hour variability was a univariable predictor of
within-week variability in log-transformed BNP, there
were no independent predictors of variability identified. Of
particular note is that age, gender, and renal functiondfac-
tors known to alter natriuretic peptide levels16,17ddid not
influence the variability in this setting.

The uses and applications of BNP and NT-proBNP in the
assessment and management of heart failure are increasing.
In this context, it is somewhat surprising that there are few
data on the critical issue of variability of these peptides, par-
ticularly in the stable heart failure population. This is of im-
portance in view of the growing interest in the use of
natriuretic peptide levels in guiding medical therapy in heart
failure. There are conflicting data on the value of this
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Fig. 1. Box plot of the distribution of within-hour and within-week
variability in BNP and NT-proBNP. This is a summary plot based
on the median, quartiles, and outlier values. The box represents
the interquartile range. The whiskers are lines that extend from
the box to the highest and lowest values, excluding outliers
(marked by circles in the figure). A line across the box indicates
the median.
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approach, possibly reflecting the emerging data demonstrat-
ing significant variability in observed values.14,15 Our data
confirm previous observations of large intraindividual vari-
ability initially made by Wu et al14 in a small number of heart
failure patients and later demonstrated by Bruins et al.15

The implications of this study are clear, especially when
taken in conjunction with previously reported data. Care
should be taken in interpreting changes in natriuretic pep-
tide levels when monitoring a patient’s response to therapy
or in the assessment of the patients’ clinical status. It is
worth noting that standard successful heart failure treat-
ments have been shown to reduce average NT-proBNP
and BNP levels by up to 35% and 50%, respectively.7,25e28

There is difficulty, however, for the clinician in relating
such data to the management of an individual patient. For
example, it may be difficult to attribute a reduction of
50% in BNP levels in an individual patient over 1 week
to a clinical or therapeutic intervention, given that this re-
duction is less than the RCV obtained in this study for
this peptide. These observations may explain the variable
results reported to date on the use of natriuretic peptides
in guiding therapy and also underlines data from our own
unit where changes in BNP where not a sensitive indicator
of clinical deterioration.12

Several issues including preanalytic factors, analytical
variability and biologic variability can contribute to total
intraindividual variability. The methods used in this study
attempted to minimize the impact of the preanalytic factors
through careful patient preparation and blood collection pro-
tocol. Furthermore, by obtaining samples at the same time of
day we controlled for potential circadian variability in BNP,
a possible contributor to biologic variation.29 Despite these
methods, we still observed a significant variability. The
greater mean total variation values for BNP compared with
NT-proBNP are explained by higher analytic variation as
the biologic variation was similar for both tests.

Table 3. Analytical Variability (CVA), Biological
Variability (CVI), and Reference Change Values (RCV)

for BNP and NT-proBNP

Within-Hour Within-Week

NT-proBNP BNP NT-proBNP BNP

CVA % 2.8 13.7 2.8 13.7
Mean CVI % 6.3 5.0 20.9 24.8
Mean CVT % 6.9 14.6 21.1 28.4
RCV % 16.1 34.0 49.2 66.2
Table 2. Mean (SD; range) Within-Hour Variability (%) at Visit 1 and Visit 2, and Mean (SD; range) Within-Week Variability (%)
at 0 Minutes and 60 Minutes for B-type Natriuretic Peptide and N-terminal proBNP

Within-Hour Variability Within-Week Variability

Visit 1 Visit 2 0 Min 60 Min

B-type natriuretic peptide 21.1 (20.8; 0e108.0) 21.3 (18.9; 1.1e101.9)* 43.3 (46.4; 0e206.9) 39.4 (38.2; 0e185.7)*
N-terminal proBNP 9.9 (9.9; 0.2e35.1) 7.6 (6.8; 0.1e28.6)* 31.4 (29.8; 0.9e149.4) 29.4 (28.1; 0.8e116.0)*

*P O .05.
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These data raise the issue of comparative merits of both
assay methods in the serial monitoring of natriuretic pep-
tides in heart failure patients. On one hand, Cotlove
et al24 proposed that analytic variation should not signifi-
cantly affect the clinical use of the biomarker and should
be lower than or equal to half the biologic variation. The
analytical variability for NT-proBNP and BNP was 2.8%
and 13.7%, respectively, and therefore, using Cotlove’s cri-
teria, there are theoretical concerns about the use of the
BNP assay in this setting. On the other hand, as the biolog-
ical variation increases over time these theoretical concerns
may recede. Furthermore, NT-proBNP was measured
within the laboratory on an automated platform, whereas
BNP was measured using a point-of-care assay. Improved
assay variability with the lab-based system would be
offset by considerable practical advantages in the use of a
point-of-care assay.

The similar biologic variations obtained in this study for
both peptides suggest that they may be altered by common
factors. The causes of variability are not clear but may be
influenced by physical exertion, fluid intake, subtle changes
in intraventricular pressure/volume status, and alterations in
peptide clearance mechanisms such as C-type receptors,
which require further study. Furthermore, we could define
no independent predictors of this variability in particular
with regard to age, gender, and renal function, factors
known to influence natriuretic peptide levels.

There are a number of potential limitations to this work,
in particular the small numbers, which may affect the
power of the statistical models used. Also, individual
variations in degrees of exertion or volume/food intake be-
fore the study day visits are difficult to quantify and may
account for some of the variability. However, all attempts
to avoid this were made by ensuring samples were taken
at the same time at each visit and patients were rested for
30 minutes before initial phlebotomy. On the contrary, it
may be a limitation that many precautions have been
applied to reduce variability, because this does not reflect
daily practice and the effective variability is probably
larger. A further limitation is the assumption that clinically
determined stability is a ‘‘gold standard’’ and that the var-
iability observed represents true intraindividual variability
and not change in health status. We have no information
on biologic and total variability beyond 1 week, although
it is likely that variability will continue to increase as the
follow-up interval lengthens. Furthermore, we have no
comparative information on the biologic variability in
healthy volunteers as the study was conducted in a selected,
stable heart failure population. Finally, different patterns of
biologic variability may be observed in acutely decompen-
sated patients, although it is likely that variability will only
be increased in this setting.

Conclusions

Although analytic variability of BNP is greater than
NT-proBNP, both assays have high biologic variability,
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which increases with time. This study suggests that changes
approximating 50% and 66% for NT-proBNP and BNP, re-
spectively, are needed to support a clinical suspicion of
change in status over 1 week. Natriuretic peptides have
a well-defined role as rule-out tests, in which differences
in analytic variability may not be critical. However, further
research is warranted to understand this variability and
determine how serial measurements of either BNP or NT-
proBNP are to be used to guide heart failure management.
Until then, clinical assessment of these patients must remain
the gold standard in heart failure management and natri-
uretic peptides should only be interpreted in this context.
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