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lasma levels of brain natriuretic peptide (BNP) are use-
ful as objective biomarkers of chronic heart failure 
(CHF).1–5 High plasma BNP levels during hospi-

talization are important prognostic predictors in patients 
with CHF.6,7 We previously reported that the value of BNP 
at discharge is superior to the value of BNP at admission for 
predicting the mortality or morbidity of CHF patients after 
discharge.8 Recently, the baseline value in BNP and changes 
in either BNP over months have been considered predictive 
of outcomes in stable CHF patients.9–13 However, it remains 
unknown whether changes in peptide levels offer significant 
practical advantages over the single most recently available 
measurement of BNP.

In stable outpatients with CHF, there are some available 
data showing the sequential measurements of natriuretic pep-
tides. In the Valsartan in Heart Failure Trial (Val-HeFT) study, 
plasma levels of BNP were significantly increased over sev-
eral months in the placebo group, suggesting that the defini-
tion of stable CHF over several months may be difficult and 
that heart failure (HF) is a progressive disease especially in 
CHF patients with coronary artery disease.9,14 To deter-
mine the value of BNP, it is important to clarify whether the 

change in value represents disease progression or the range 
of biological variation.14 However, there is a notable lack  
of information on the biological variation, even though this 
information is necessary for the correct interpretation of data 
that are collected for monitoring disease progression or treat-
ment in outpatients with non ischemic CHF (NICHF). Fur-
thermore, several studies have shown intra-day, day-to-day 
and week-to-week biological variation in BNP. However, the 
range of biological variation tends to be wide at 16–44% 
based on these reports.15–19 To use these tests for monitoring, 
it is necessary to use an automated assay system with low 
inter-assay and intra-assay coefficients of variations.16,20,21

Therefore, we first evaluated the biological variation (2-
month interval) for BNP using an automated assay system  
in 133 outpatients with NICHF who had remained clinically 
stable after discharge (median 11.6 months). Thereafter, we 
prospectively followed these patients for a mean follow-up 
period of 42 months and evaluated the relationship between 
the cardiac events and the values of BNP (at baseline and 
after 2 months) and the changes of BNP in stable outpatients 
with NICHF.
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Background: To evaluate the biological variation and prognostic value of brain natriuretic peptide (BNP) for 
stable outpatients with nonischemic chronic heart failure (NICHF).

Methods and Results: Biological variation in BNP was evaluated using an automated assay system in 140 out-
patients with NICHF. The stable clinical condition during the 2-month study period was defined as unchanged 
NYHA and unchanged left ventricular ejection fraction; therefore, 7 patients were excluded during the 2 months. 
Thereafter, 133 patients were prospectively followed and the relationship between cardiac events and the plasma 
BNP concentrations (at baseline and after 2 months) were evaluated as well as the changes in BNP. The bio-
logical variation in BNP (2-month interval) was calculated as 22.3%. During a mean follow-up period of 42 months, 
26 patients had cardiac events. According to stepwise multivariate analyses, plasma BNP after 2 months (P= 
0.0002) and % change in BNP (P=0.0067) were significant independent predictors of cardiac events.

Conclusions: These findings indicated that a combination of the absolute value of BNP after 2 months and % 
increase in BNP (2-month interval) is useful for predicting cardiac events in stable outpatients with NICHF.  (Circ J 
2011; 75: 341 – 347)
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Methods
Study Population
The study population was drawn from 453 consecutive symp-
tomatic CHF patients admitted to our institution between 
January 2003 and December 2007 for the management of 
CHF. First, patients who were followed by family doctors 
after discharge were excluded. Second, patients who were 
followed by doctors specialized in coronary intervention or 
arrthythmia were excluded mainly because of the difficulty 
in obtaining informed content. Therefore, 140 consecutive 
outpatients with NICHF who remained clinically stable for 
6 months after hospital discharge were enrolled by doctors 
specialized in HF management. Patients were treated accord-
ing to HF guidelines22 by a HF specialist after discharge. 
Informed consent was obtained from all patients for partici-
pation in the study according to a protocol approved by the 
Committee on Human Investigation at our institution. There 
were 115 men and 18 women aged between 26 and 88 years 
(mean age 60.7o9.5 years). Patients with severe CHF who 
needed cardiac resynchronization therapy, implantable car-
dioverter-defibrillator, or other mechanical supports were 
excluded. In addition, patients with coronary artery disease, 
severe aortic stenosis, renal failure (serum creatinine >2.0 mg/dl), 
liver dysfunction, chronic inflammatory disease and malig-
nancy were excluded.

Study Protocol
This was a prospective study. Stable clinical condition during 
the 2 months study period was defined as stable body weight 
(<o2 kg), unchanged NYHA, unchanged HF medication and 
unchanged left ventricular ejection fraction (LVEF) (<o5%). 
At entry, blood samples were drawn from the antecubital 
vein, after at least 30 min of bed rest in a supine position, and 
LVEF was measured by echocardiography at the same time 
(in the afternoon). After all patients had been followed for  

2 months, plasma levels of neurohumoral factors were re-
evaluated. NICHF patients were defined as patients who had 
previously been admitted to the hospital for management of 
CHF due to systolic HF, which was defined as LVEF <45% (at 
admission) by 2-dimensional echocardiography or ventriculog-
raphy using contrast medium or radioisotope. A HF specialist 
blinded to the plasma levels of neurohumoral factors until 
study completion managed patients by standard regimens, 
such as improvement of symptoms, physical examination and 
pulmonary congestion on chest X-ray. Thereafter, patients were 
observed for 44o6 months (range, 8–73 months). The main end 
points, which were judged independently by researchers, were 
cardiac death or rehospitalization for decompensated CHF.

Measurement of BNP
Samples for the assay of plasma BNP concentration was 
transferred to chilled disposable tubes containing aprotinin 
(500 kallikrein inactivator units/ml). The blood samples were 
immediately placed on ice and centrifuged at 4°C, and the 
plasma was frozen in aliquots and stored at –30°C until assay. 
All samples for BNP were analyzed (double determination) at 
the end of the study. Plasma BNP concentrations were mea-
sured by an automated chemiluminescent enzyme immuno-
assay analyzer exclusive kit (Shionogi, Japan) as previously 
reported.20,23–25 The minimal detectable quantity of human 
BNP using this kit is 2 pg/ml. Inter-assay and intra-assay 
coefficients of variations were 1.3% (n=6) and 1.9% (n=6) 
respectively, for BNP assay. In this study, all blood samples 
were evaluated at the end of the observation term (after  
2 months) by the same lot number to avoid an error margin 
among lots.

Statistical Analysis
All results are expressed as the mean o SD or median [inter-
quartile range]. The biological variation was defined as the 
total coefficient of variation (CVt) (2-month interval). The 
CVt was calculated as the baseline-to-2-month coefficient  
of variation (= SD/mean).15,18,26 The CVt and the analytical 
coefficient of variation (CVa) provided the basis for indi-
vidual biological coefficient of variation (CVi) following 
CVi = (CVt2 – CVa2)1/2. Next, % changes were calculated as 
(level at 2 months – level at baseline)/level at baseline r100%. 
Chi-squared test was used to determine differences between 
groups. Univariate analyses were performed using Student’s 
t-test. Changes in continuous parameters between the base-
line and 2 months later were tested for significance using 
Student’s t-test (parametric data) and Wilcoxon signed-ranks 
test (nonparametric data) for paired data. Since CVt is a posi-
tive value, we evaluated % changes in BNP (2-month inter-
val) to estimate the relationship between cardiac events and 
changes in BNP because changes in BNP are easy to under-
stand in clinical practice. On multivariable Cox proportional 
hazard analyses, the main models were adjusted for age, 
gender and variables considered to reflect the severity of 
NICHF at baseline and those were associated with mortal-
ity on univariate analyses at the P<0.10 level. Kaplan-Meier 
analysis was performed on the cumulative rates of survival 
stratified into 4 groups based on the cutoff value of the BNP 
and % change in BNP, and differences between survival curves 
were analyzed by log-rank test. The sensitivity and specificity 
of BNP and % change in BNP for predicting cardiac events 
were determined, and receiver operating characteristics (ROC) 
curves were constructed. A value of P<0.05 was considered 
significant. Statistical analysis was performed with JMP 6.0 
software for Windows (SAS Institute Inc, Cary, NC, USA).

Table 1. Baseline Patient Characteristics (n=133)

Age (years) 60.7±9.5　　
Body weight (kg) 66.4±11.5

Gender (M/F) 115/18　　
NYHA functional class (I/II/III) 30/69/34

Dyslipidemia, n (%)   26 (19.5)

Diabetes mellitus, n (%)   25 (18.7)

eGFR (ml · min–1 · 1.73 m–2) 66.1±23.4

Etiology of CHF

  Dilated cardiomyopathy, n (%) 101 (77.1)

  Hypertensive heart disease, n (%)   22 (16.5)

  Valvular heart disease, n (%) 10 (7.5)

Atrial fibrillation, n (%)   35 (26.3)

Heart rate (beats/min) 69.9±16.5

Systolic blood pressure (mmHg) 113.1±15.8　　
Diastolic blood pressure (mmHg) 69.3±8.1　　
Baseline therapy

  ACE-I or ARB, n (%) 127 (95.4)

  β-blockers, n (%) 111 (83.6)

  Spironolactone, n (%)   98 (73.7)

  Loop diuretics, n (%) 102 (76.7)

NYHA, New York Heart Association; eGFR, estimated glomerular 
filtration rate; CHF, chronic heart failure; ACE-I, angiotensin-con-
verting enzyme-inhibitor; ARB, angiotensin receptor blockers.
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Results
Baseline Patient Characteristics (Table 1)
Of 140 outpatients with CHF, 1 patient was rehospitalized,  
4 patients required a change in HF medication and 2 patients 
showed a change in LVEF (>o5%) during the first 2 months. 
The remaining 133 outpatients who remained clinically stable 
for 2 months were enrolled in this study. The causes of HF 
were dilated cardiomyopathy (DCM) in 101 patients and hy-
pertensive heart disease in 22 patients. There were 99 patients 
in NYHA functional class I or II and 34 patients in class III. 
Most patients were already receiving the standard oral therapy.

Changes in LVEF, Serum Creatinine and BNP From Baseline 
to 2  Months Later (Tables 2 ,3)
In this study, none of the 133 outpatients showed a signifi-
cant change in hemoglobin, serum creatinine, LVEF or BNP 
during the 2-month study period. Intra-individual variation 
in BNP after 2 months was calculated as 22.3% under stable 
conditions in NICHF patients defined by strict criteria. Dur-
ing a mean follow-up period of 42 months, 26 patients had 
cardiac events; 14 patients were readmitted for decom-
pensated HF and 12 patients had cardiac death, with a mean 
interval of 34.3o4.7 months after discharge.

Univariate and Multivariate Predictors of Cardiac Events  
in 133 Patients With Stable NICHF (Table 4 )
Thirteen variables, including clinical factors, neurohumoral 

factors at baseline and after 2 months, and LVEF at baseline 
and after 2 months, were analyzed by univariate and stepwise 
multivariate Cox proportional hazard regression analysis for 
cardiac events, as shown in Table 4. On univariate analysis, 
5 clinical and neurohumoral factors were significant pre-
dictors of cardiac events. On stepwise multivariate analysis, 
log BNP after 2 months (P=0.0002) and the % change in BNP 
(P=0.0067) were significant independent predictors. In this 
study, the relative risk ratio of log BNP after 2 months was 
9.337 (95% confidence interval, 3.601–24.209) and that of  
% change in BNP was 1.014 (95% confidence interval, 1.014– 
1.023).

ROC Curves for the Ability of BNP After 2  Months and  
% Change in BNP to Predict Cardiac Events  
in NICHF Patients (Figure 1, Table 5 )
Figure 1 shows ROC curves for the ability of BNP after  
2 months and % change in BNP to predict cardiac events  

Table 2. Changes in Haemoglobin, Serum Creatinine, Ejection Fraction and BNP at Baseline and After  
2 Months

Characteristics Baseline 
(n=133)

After 2 months 
(n=133) P value % change (%) 

mean (median)
BMI (kg/m2) 25.1±3.2　　 25.7±2.2　　 NS   0.0 (0.0)

Heart rate (beats/min) 69.9±16.5 69.5±13.7 NS –1.3 (0.0)

MBP (mmHg) 84.3±11.9 82.4±11.2 NS     0.0 (–0.1)

Hemoglobin (g/dl) 13.4±1.9　　 13.3±1.9　　 NS –0.1 (0.0)

Creatinine (mg/dl) 0.97±0.4　　 0.99±0.4　　 NS   0.6 (0.2)

LVDd (mm) 69.7±9.8　　 70.2±9.9　　 NS   3.2 (0.9)

LVEF (%) 43.9±8.4　　 43.6±8.5　　 NS     0.3 (–0.2)

BNP (pg/ml) 140.9 (109.1) [30.1–196.1] 155 (95.5) [28.7–206.0] NS 12.3 (4.5)

Values are shown as mean ± standard devlation or mean (median) [interquartile range].
BNP, brain natriuretic peptide; BMI, body mass index; MBP, mean blood pressure; LVDd, left ventricular diastolic 
dimension; LVEF, left ventricular ejection fraction.

Table 3. Analytical and Biological Variations of BNP

Characteristics CVa (%) CVi (%) CVt (%)
BNP (pg/ml) 1.9 21.2 [12.2–37.8] 22.3 [12.3–39.7]

CVa is given as the median. CVi and CVt are given as the median 
[interquartile range].
BNP, brain natriuretic peptide; CVa, analytical variation; CVi, intra-
individual variations; CVt, combined intra-individual and analytical 
variation.

Table 4. Univariate and Multivariate Predictors of Cardiac Events in 133 Patients With Stable Nonischemic 
CHF

Univariate 
chi-square P value Multivariate 

chi-square P value

Age (years)   2.285 0.127

Gender (male=1)   0.129 0.651

NYHA (III/IV=1, I/II=0)   5.137 0.023

Creatinine at baseline (mg/dl)   3.301 0.058

LVEF at baseline (%)   3.914 0.053

LVEF after 2 months (%)   4.683 0.048

% change in LVEF (%)   2.967 0.086

Log BNP at baseline (pg/ml) 14.657 　0.0002

Log BNP after 2 months (pg/ml) 22.253 <0.0001 14.09　　 0.0002

% change in BNP (%) 21.154 <0.0001   7.363 0.0067

Abbreviations are listed in Tables 1,2.
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in NICHF patients. The cutoff level for BNP after 2 months 
was determined as 189 pg/ml, giving a sensitivity of 69.26% 
and specificity of 86.2% (AUC = 0.84). The cutoff level for 
% change in BNP was determined as 15%, giving a sensitiv-
ity of 84.6% and specificity of 67.6% (AUC = 0.78). Table 5 
shows the characteristics of patients who were divided into  
4 groups based on cutoff levels of BNP after 2 months 
(189 pg/ml) and % change in BNP (15%). Although there 
was no difference in patient characteristics between group A 
(% change in BNP <15%) and group B (% change in BNP 

q15%), cardiac event ratios were significantly higher in group 
B than in group A in both group I (BNP <189 pg/ml after  
2 months) and group II (BNP q189 pg/ml after 2 months).

Kaplan-Meier Lifetime Analysis (Figures 2 ,3)
The patients were divided into 4 groups based on cutoff  
levels of BNP after 2 months and % change in BNP, and 
cumulative survival curves were constructed according to 
Kaplan-Meier survival methods, as shown in Figure 2. The 
hazard ratio of patients with plasma BNP q189 pg/ml and  

Figure 1.  Receiver operating characteristic curves for the ability of brain natriuretic peptide (BNP) after 2 months and % change 
in BNP (2-month interval) to predict cardiac events in stable outpatients with nonischemic chronic heart failure.

Table 5. Selected Patient Characteristics With Absolute BNP Values and % Change in BNP

Characteristics
Group I (n=99) Group II (n=34)

Group A 
(n=65)

Group B 
(n=34)

Group A 
(n=12)

Group B 
(n=22)

Cardiac event, n (%)    2 (3.1) 　     6 (17.6)*   3 (25) 　   15 (68.1)†

Age (years) 61.6±10.6 61.5±10.4 60.2±11.7 59.3±11.8

NYHA class III, n (%)    2 (3.0)    1 (2.9)    11 (91.7)    20 (90.9)

Heart rate (beats/min) 68.8±12.5 67.2±12.4 73.5±14.5 70.9±13.7

MBP (mmHg) 83.7±10.1 82.3±9.2　　 82.9±7.9　　 84.8±11.2

  Atrial fibrillation, n (%)    18 (27.7)      9 (26.5)      3 (25.0)      5 (22.7)

  Diabetes mellitus (%)      9 (13.8)      8 (23.5)      4 (33.3)      4 (18.1)

eGFR (ml · min–1 · 1.73 m–2) 64.2±26.0 69.7±22.2 60.2±20.7 58.3±24.0

Dilated cardiomyopathy, n (%)    46 (70.8)    27 (79.4)   10 (83.3)    18 (81.8)

LVEF after 2 months (%) 44.2±7.1　　 45.1±6.4　　 42.46±7.1　　　　 41.9±7.6

BNP after 2 months (pg/ml) 69.8 (50.1) 
[22.1–126.1]

70.2 (55.6) 
[21.7–126.0]

346.6 (300.4) 
[227.3–416.1]

389.2 (322.5) 
[234.7–521.0]

Baseline therapy

  ACE-I or ARB, n (%)    62 (95.4)    32 (94.1)    11 (91.7)      22 (100.0)

  β-blockers, n (%)    53 (81.5)    28 (82.4)    10 (83.3)    20 (90.1)

Duration of β-blocker treatment (months) 10.2±18.1   9.5±16.4 10.4±19.4 12.5±20.4

Abbreviations are listed in Tables 1,2.
*P<0.01 vs. Group A in Group I; †P<0.05 vs. Group A in Group II.
Values are shown as mean ± standard devlation or mean (median) [interquartile range].
Group I, BNP <189 pg/ml after 2 months; Group II, BNP >– 189 pg/ml after 2 months; Group A, % change in BNP <15%; 
Group B, % change in BNP >–15%.
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% change in BNP q15% was 29.8 compared with those with 
plasma BNP <189 pg/ml and % change in BNP <15% for 
cardiac events (P<0.0001). In addition, and the hazard ratio 
of patients with plasma BNP <189 pg/ml and % change in 
BNP q15% was 7.0 compared with those with plasma BNP 
<189 pg/ml and % change in BNP <15% for cardiac events 
(P=0.017) (Figure 3).

Discussion
Several studies have shown that serial monitoring of BNP 
levels may be useful in minimizing adverse outcomes and 

maximizing QOL in outpatients with CHF.12,24,27,28 However, 
according to ACC/AHA guidelines,29 the value of serial mea-
surements of BNP to guide therapy for patients with CHF is 
not well established by poor evidence partly due to the bio-
logical variation in plasma BNP. Insufficient data on the bio-
logic variation of BNP hamper interpretation of changes in 
these concentrations during disease progression or treatment 
optimization. We, for the first time, evaluated the prognostic 
value of repetitive measurements of BNP in stable out-
patients with NICHF in whom biological variation in BNP 
was estimated.

The concept is that one needs to understand exactly how 

Figure 3.  Cardiac event prediction 
utility of the combination of the cut-
off level of brain natriuretic peptide 
(BNP) after 2 months and % change 
in BNP (2-month interval) in stable 
outpatients with nonischemic chronic 
heart failure.

Figure 2.  Kaplan-Meier curves according to the cutoff level of brain natriuretic peptide (BNP) after 2 months and % change in 
BNP (2-month interval) in stable outpatients with nonischemic chronic heart failure.
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much month-to-month biological variation in the concentra-
tion of BNP may occur, in order to better determine whether 
any change is “more significant” than should be expected 
due to typical biological activity in the body. The strength of 
this study is that the study subjects are a well-characterized 
cohort of NICHF patients, all of whom were apparently clini-
cally stable. In this study, we evaluated % changes in BNP 
instead of biological variation in BNP to estimate the cardiac 
events because changes in BNP are easy to understand in clini-
cal practice, and we showed that both the recent absolute high 
value of BNP (q189 pg/ml) and % increase in BNP (q15%) 
provide important prognostic information in clinically stable 
outpatients with NICHF.

We first investigated the range of biological variation  
values of BNP in patients with stable HF being treated with 
standard drug regimens. Biological variation data deriving 
from treated patients are more realistic for judging the value 
of BNP in HF progression and tailored treatment in daily prac-
tice. Schou et al showed that the week-to-week biological 
variation in BNP was 15% under stable conditions in CHF 
patients defined by strict criteria.17 Wu et al showed that bio-
logical variations obtained on automated BNP assay are con-
siderably lower than those on manual radioimmunoassay and 
point-of-care tests.16 Therefore, BNP was measured using an 
automated assay at baseline and after 2 months. In this study, 
biological variation (2-month interval) in BNP was 22.3% in 
stable NICHF patients. The biological variation in BNP was 
compatible with previous reports of week-to-week biological 
variation18 and relatively smaller than expected, probably due 
to the use of an automated analyzer system. Actually, regard-
ing BNP assay, inter-assay and intra-assay coefficients of 
variations were 4.2% and 5.0%, respectively, by the manual 
method1 and inter-assay and intra-assay coefficients of varia-
tions were 1.3% and 1.9%, respectively, using an automated 
analyzer.20,25

Retrospective analyses from the Val-HeFT study showed 
that stratification of patients into 4 categories according to 
natriuretic peptide levels at 2 time points 2 months apart with 
respect to a threshold concentration provided prognostic infor-
mation in patients with CHF beyond that of a single deter-
mination of baseline natriuretic peptide.14 In the Val-HeFT 
study, plasma levels of natriuretic peptide was significantly 
increased after several months, suggesting outpatients in whom 
CHF was not stable and most of these patients demonstrated 
coronary artery disease. In the present study, we prospectively 
evaluated the pre-specified stable CHF patients without coro-
nary artery disease. As expected, these study patients did not 
show any significant change in clinical parameters including 
LVEF, BNP during the 2-month study period. These varia-
tions in BNP may be related to daily/weekly/monthly shifts 
in hemodynamics, filling pressures, heart rhythm, disease 
progression, sodium and fluid intake.30–34 Indeed, although 
our study patients with NICHF were considered stable, 26 
patients had cardiac events during a mean follow-up period 
of 42 months.

Taken together with the findings of the Val-HeFT study, 
CHF is a progressive disease and the recent value of natri-
uretic peptide is a useful biomarker. The reason % change in 
BNP is useful independent of the recent value of BNP for 
predicting cardiac events remains uncertain. In this study,  
8 of 99 patients with plasma BNP <189 pg/ml at 2 months 
developed cardiac events and 6 of 8 patients demonstrating 
cardiac events had more than 15% change in BNP. Two of 
these 6 patients showed sustained ventricular tachycardia  
on Holter ECG recording during the follow-up period and 

3 patients were rehospitalized for decompensated HF due to 
paroxysmal atrial fibrillation. We speculate that a high % 
increase in BNP (q15%) reflects episodes of increased BNP 
secretion following short-term increases in transmural cardiac 
pressure probably due to arrhythmia.35,36 Actually, previous 
studies reported that changes in BNP occur rapidly after car-
dioversion of atrial fibrillation in patients with CHF.37,38 
Therefore, changes in BNP might be useful independent of 
the recent value of BNP, and might be helpful in the man-
agement of stable outpatients with NICHF.

Study Limitations
In this paper, we defined the biological variation as the CVt, 
which was calculated as the baseline-to-2-month coefficient 
of variation, as described in the method. The 2-month time 
interval for sequential measurements of natriuretic peptides 
was selected in order to combine the evaluation of left ven-
tricular function and volume by echocardiography and it is 
not known whether shorter or longer time intervals would 
influence the prognostic value. The small number of events 
among patients in this series is also a limitation.

Conclusions
In conclusion, both plasma BNP and % increase in BNP after 
2 months were significant independent predictors of cardiac 
events in clinically stable outpatients, suggesting that a com-
bination of the recent absolute value of BNP and % increase 
in BNP are useful for predicting cardiac events in stable out-
patients with NICHF mainly due to DCM.
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