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ABSTRACT
N-terminal-pro-B-type-natriuretic peptide (NT-proBNP) was a predictive marker of cardiovascular
disease (CVD)-related death in chronic dialysis patients. NT-proBNP was also correlated with
markers of inflammation, malnutrition and protein-energy wasting. We hypothesized whether NT-
proBNP was also associated with non-CVD death in chronic dialysis patients. A prospective obser-
vational study for incidence of death in chronic dialysis patients was conducted. Prevalent chronic
dialysis patients (n¼ 1310) were enrolled and followed for 24 months. One hundred forty-four
deaths were recorded. Area under the curve using ROC analysis for NT-proBNP showed: all causes
of death (0.761), CVD-related (0.750), infection and malignancy-related (0.702) and others and
unknown (0.745). After adjusting for age, sex, hemodialysis vintage, cardiothoracic ratio, mean
pre-dialysis systolic blood pressure, dry weight and basal kidney disease, the hazard ratios (95%
confidence intervals) per 1-log NT-proBNP calculated using multivariate Cox analysis were: all
causes of death, 3.83 (2.51–5.85); CVD-related, 4.30 (2.12–8.75); infection and malignancy-related,
2.41 (1.17-4.93); and others and unknown origin, 5.63 (2.57–12.37). NT-proBNP was significantly
associated not only with CVD-relate but also with non-CVD-related deaths in this population of
prevalent chronic dialysis patients.
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Introduction

Numerous factors have been surveyed as predictors of
mortality in hemodialysis patients. In cardiovascular dis-
ease (CVD), death from classical Framingham athero-
sclerotic risk factors, hypertension, dyslipidemia,
smoking, glucose intolerance and left ventricular hyper-
trophy have not been thought sufficient to predict mor-
tality [1]. Blood pressure variability [2,3], chronic kidney
disease related to mineral bone diseases [4,5], inflam-
mation [6,7] and volume status instability or volume
overload [8,9] have been reported as additional risk fac-
tors for CVD death as well as all-cause mortality.
Regardless of the markers surveyed, a single independ-
ent risk factor for all causes of death in hemodialysis
patients remains to be found [1]. While CVD, infections
and malignancies are important causes of death among
hemodialysis patients, the predictive markers of

morbidity and mortality from infectious diseases and
malignancies have not been fully studied.

The N-terminal of the prohormone brain natriuretic
peptide (NT-proBNP) is an N-terminal inactive protein
that is cleaved from proBNP to release active peptide
BNP. NT-proBNP is a biomarker of left ventricular stress
in non-CKD patients [10]. It is also of value as an inde-
pendent predictor of congestive heart failure [11]. Its use
as a predictive biomarker has also been noted in CKD
patients because it has been found to be markedly ele-
vated, especially in hemodialysis patients [12] because
NT-proBNP is degraded by the kidney, whose function is
almost totally diminished in hemodialysis patients, and
proBNP is also degraded by adipose tissue, which is
sometimes much lower in hemodialysis patients [13].
NT-proBNP has also been reported as a marker of
volume overload [14], coronary artery disease [15] and
left ventricular dysfunction [16,17] in dialysis patients.
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In longitudinal studies, it was reported that NT-proBNP
was a predictor for all-cause mortality [14,16,18] and
CVD-related death [14]. However, the number of sur-
veyed patients was relatively small and the causes of
death were not examined. NT-proBNP has recently been
reported to correlate with inflammatory markers (inter-
leukin-6 and C-reactive protein) [19], a malnutrition
marker (serum albumin) [14], and protein-energy-wast-
ing syndrome [19]. From these studies, we hypothesized
that NT-proBNP levels might be associated not only
with CVD-related deaths but also other causes of death.
To this end, we conducted a prospective cohort study
examining the relationship between NT-proBNP levels
and all causes of death, as well as with other causes of
death in a large cohort of chronic hemodialysis
patients.

Methods

Ethical considerations

This study was conducted in accordance with the princi-
ples contained in the Declaration of Helsinki, and was
granted ethical approval by the University of Miyazaki
Research Ethics Committee (No. 516). Informed consent
was not obtained from participants because all data
were anonymized.

Study participants

We enrolled 1310 prevalent chronic hemodialysis
patients (58.8% men, mean age 67.9 years, 112 months
mean hemodialysis vintage) from 27 dialysis centers on
December 31, 2010. Using the same cohort as we previ-
ously reported [20], however, there were some differen-
ces because of different study enrollment process.
Exclusion criteria were: patients <3 months hemodialy-
sis vintage, <18 years old, pregnant women, hospital-
ized patients and patients who did not wish to
participate in the study. Participants were followed for
24 months. During the study period, 65 patients (5.0%)
were transferred to other clinics or hospitals, or lost to
follow-up.

Data collection

Clinical data comprising age, sex, hemodialysis vintage,
basal kidney disease, pre-dialysis blood pressure, dry
weight, cardiothoracic ratio (CTR), cause of death, and
transfer to other clinics or hospitals were collected. All
data on each patient was reported by an attending
physician. This information for each patient was added
to the patient’s own check sheet and the attending

physician checked new events monthly, then the infor-
mation including a questionnaire was sent back to the
University of Miyazaki as we previously reported [20].
Mean pre-dialysis blood pressure was calculated from
three consecutive dialysis sessions. All data were col-
lected and stored in the Dialysis Division of the
University of Miyazaki Hospital.

Each cause of death was reported by attending
physicians and reconfirmed with medical records,
searched by YS and TT if necessary. Causes of death
were defined as we previously reported [20]. CVD death
was defined as death from ischemic or hemorrhagic
stroke, acute myocardial infarction, any cause of con-
gestive heart failure, or rupture of an aortic aneurysm.
Stroke was diagnosed using typical physical findings
and imaging examinations. Acute myocardial infarction
was diagnosed using typical electrocardiogram findings
or an elevation in myocardium-derived enzymes.
Cardiac disease was determined based on a previous
history of ischemic heart disease and/or congestive
heart failure. Ischemic heart disease was defined as a
previous history of being hospitalized or medicated
with drugs for a diagnosis of angina pectoris and/or
myocardial infarction. Congestive heart failure was con-
firmed using an echocardiogram as well as by the
patient requiring hospitalization with symptoms of
dyspnea or edema. In this study, sudden death was
categorized as ‘others’ because we would like to check
the influence of NT-proBNP on valid CVD mortality as
real reasons of sudden death sometimes obscure.

Measurements

NT-proBNP was measured using electrochemilumines-
cence immunoassays (SRL Inc. Tokyo, Japan) using
serum drawn before the first dialysis session. Blood
pressure was measured in the supine position by
trained staff after at least 5-min rest. The CTR was calcu-
lated using a chest X-ray taken before the first dialysis
session.

Statistical analysis

All statistical analyses were performed with SPSS ver-
sion 20.0 J software (IBM Corp., Armonk, NY, USA). Data
are expressed as mean± SD, except for raw NT-proBNP,
which is expressed as median and 25th–75th percentile.
Clinical parameters according to classification of
NT-proBNP quartiles were compared using one-way
analysis of variance or the Kruskal–Wallis test as appro-
priate. Categorical parameters were compared using
the chi-square test. To examine the correlation between
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NT-proBNP and clinical parameters, the Spearman rank
correlation test was used.

The diagnostic performance of NT-proBNP for mor-
tality was assessed by analysis of the receiver operating
characteristic (ROC) curve. The ROC curve was a plot of
sensitivity vs. (1-specificity) for all possible cut-off val-
ues. To identify the optimal cut-off point, we chose the
closest point to the left upper corner of the ROC curve
[21]. Survival curves divided at the cut-off point were
calculated using the Kaplan–Meier method.

We used univariable and multivariable Cox analyses
to examine the independent association between the
level of NT-proBNP and mortality. In the multivariable
analysis, these associations were assessed with adjust-
ments for age, sex, hemodialysis vintage, CTR, pre-dialy-
sis systolic blood pressure, dry weight and basal kidney
disease. p Values<.05 was considered statistically
significant.

Results

Distribution of NT-proBNP

NT-proBNP data were normally distributed in logarith-
mic transformed data but not in raw data. The median
value (25th–75th percentile) of the raw data were 4855
(2209–12358) ng/L, mean value ± SD of the digit num-
ber was 3.74 ± 0.54. These data were clearly elevated
compared with the normal range (<125 ng/L) in
patients without kidney function failure.

Comparison of logarithmic NT-proBNP with other
parameters at baseline

Logarithmic NT-proBNP correlated well with age
(r¼ 0.31, p< .01) (Figure 1(A)) and CTR (r¼ 0.50, p< .01)
(Figure 1(B)), but not with hemodialysis vintage
(r¼ 0.07, p¼ .01) (Figure 1(C)), mean pre-dialysis systolic
blood pressure (r¼ 0.15, p< .01) (Figure 1(D)), or dry
weight (r¼�0.29, p< .01) (Figure 1(E)).

Causes of death

During the study period, a total of 144 deaths were
recorded (Table 1). Among them, 54 were of cardiovas-
cular origin, 33 were of infectious origin, 19 were from
malignancies, and 38 were from other or unknown
reasons.

Characteristics of participants

When the clinical data were compared among survivors
and non-survivors, who were classified into four causes

of death, non-survivors were found to be significantly
older than survivors (Table 2). NT-proBNP, basal kidney
disease, hemodialysis vintage, dry weight, pre-dialysis
systolic blood pressure and CTR were significantly differ-
ent between groups.

Prediction of mortality

To clarify the cut-off point that would distinguish
between a better and worse prognosis, ROC curves and
Kaplan–Meier analyses were performed. Sensitivity and
specificity for all causes of death was assessed using
ROC (Figure 2(A)). For the 2-year all-cause mortality pre-
diction, the area under the curve (AUC) was 0.761 and
the cut-off point was 7400 ng/L. AUC of other causes of
death were: 0.750 for CVD-related death; 0.702 for infec-
tion and malignancy-related death; and 0.745 for others
and unknown cause of death. Using the cut-off point of
all causes of death, the mortality rate was clearly and
significantly divided into better and worse prognoses
using the Kaplan–Meier method (all causes of death,
Figure 2(B); cardiovascular-related death, Figure 2(C);
infection and malignancy-related death, Figure 2(D);
others and unknown cause of death, Figure 2(E)).

We examined the significance of NT-proBNP at pre-
dicting mortality using Cox analysis (Table 3). With uni-
variate analysis, log NT-proBNP was significantly
associated with not only all causes of death but also
CVD-related, infection and malignancy-related, and
others and unknown cause of death. With adjustments
for age, sex, hemodialysis vintage, CTR, mean pre-dialy-
sis systolic blood pressure, dry weight, and basal kidney
disease, in addition to an older age, log NT-proBNP was
still a significant predictor for both CVD related, infec-
tion and malignancy-related, and others and unknown
cause of death. The hazard ratios (95% confidence inter-
vals) per 1-log NT-proBNP calculated using multivariate
Cox analysis were: all causes of death, 3.83 (2.51–5.85);
CVD-related, 4.30 (2.12–8.75); infection and malignancy-
related, 2.41 (1.17–4.93); and others and unknown cause
of death, 5.63 (2.57–12.37).

Discussion

We identified that NT-proBNP was associated with
future infection and malignancy-related or others and
unknown cause of death in addition to CVD-related
deaths in this population of prevalent chronic dialysis
patients.

NT-proBNP accumulates in patients with kidney fail-
ure, especially those on chronic dialysis. Our data
revealed that the accumulated NT-proBNP level was
strongly associated with not only CVD-related deaths
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Figure 1. Comparison between logarithmic NT-proBNP and other clinical parameters at baseline. Logarithmic NT-proBNP corre-
lated with age (r¼ 0.31, p< .01) (A) and cardiothoracic ratio (r¼ 0.50, p< .01) (B), but not with hemodialysis vintage (r¼ 0.07,
p¼ .012) (C), mean pre-dialysis systolic blood pressure (r¼ 0.15, p< .01) (D), or dry weight (r¼-0.29, p< .01) (E). All data were
extracted using Spearman’s rank correlation tests.
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but also non-CVD-related ones. Recently, increasing NT-
proBNP levels during the study period were reported to
be associated with sudden death, cardiovascular events,
and mortality in diabetic dialysis patients [22]. NT-
proBNP was measured only once, then the participants
were followed for a relatively short period (two years),
so we could observe the effects of baseline NT-proBNP
levels on mortality.

NT-proBNP has been reported as a predictor for car-
diovascular mortality in dialysis patients [14].
Furthermore, because NT-proBNP has been reported to
be a marker of volume overload [23] and left ventricular
systolic dysfunction [16–18,24] in dialysis patients, it is
possible that NT-proBNP is a predictive marker. BNP and
NT-proBNP levels have been shown to be superior to

atrial natriuretic peptide levels for the diagnosis of the
presence, severity and prognosis of heart failure in non-
CKD patients [25]. In older aged cohorts, however, BNP
and NT-proBNP levels for the prediction of heart failure
has not been established in the general population [26].
The cohort in the current study also comprised of older
participants, and increments in age were significant
factors for each cause of death. It is noteworthy that
NT-proBNP was still an independent and significant
associated factor not only for CVD-related death but
also for other causes of death.

The reasons that NT-proBNP, considered a circulatory
marker, was associated with non-CVD-related death in
this study are not known. We can speculate that those
patients might have had chronic heart failure resulting
in a chronic pulmonary congestive state, regardless of
severity. Such a state is a known risk factor for morbid-
ity from pneumonia [27,28] and mortality from pneu-
monia [29]. Pneumonia was a dominant cause (over
60%) of infection in our cohort. Recent studies have
reported that NT-proBNP positively correlated with
interleukin-6 and C-reactive protein [19] and inversely
correlated with serum albumin [14], so that NT-proBNP
was considered a marker of inflammation or malnutri-
tion. Also, the receptor for natriuretic peptide A and B
(natriuretic peptide receptor A, NPRA) has been
reported to be involved in immune and inflammatory
reactions [30] as well as in tumor growth [31].
Furthermore, BNP enhanced vascular permeability [32]
via morphological vascular endothelial cell changes.
These are other possible explanations for why NT-
proBNP may be associated with future non-CVD deaths.

ProBNP was also degraded by adipose tissue, which
is sometimes much less in dialysis patients, especially
those with a lower body mass index (BMI) [13]. These
patients presented with malnutrition, inflammation and

Table 2. Comparison between survivors and non-survivors.
Non-survivors

Survivors CVD Infection Malignancy Others/unknown p-value

n 1166 54 33 19 38
Age (years) 66.7 (12.3) 75.6 (11.7) 79.4 (8.8) 75.5 (12.5) 77.1 (10.7) <.001
Sex, men (%) 58.8% 53.7% 63.6% 68.4% 47.4% .458
NT_proBNP (ng/L) 4200 (2030–10535) 13800 (6203–34875) 16604 (5686–31707) 8970 (7224–13376) 17147 (7726–54123) <.001
Log NT_proBNP 3.68 (0.52) 4.21 (0.50) 4.13 (0.47) 3.96 (0.47) 4.31 (0.53) <.001
Basal kidney disease <.001

Diabetes mellitus 23.1% 25.9% 24.2% 31.6% 36.8%
Glomerulonephritis 44.4% 33.3% 21.2% 31.6% 21.1%
Hypertension 12.3% 25.9% 36.4% 26.3% 23.7%
Polycystic kidney 4.8% 0% 6.1% 5.3% 0%
Others/unknown 15.4% 14.8% 12.1% 5.3% 18.4%

Hemodialysis vintage (months) 103.5 (90.0) 99.7 (83.8) 101.3 (93.5) 43.6 (39.5) 69.5 (51.2) .009
Dry weight (kg) 53.6 (11.0) 48.8 (10.3) 45.9 (8.3) 49.5 (9.5) 45.7 (11.6) <.001
Pre-systolic blood pressure (mmHg) 156 (19) 148 (27) 148 (22) 156 (20) 154 (24) .020
CTR (%) 51.3 (5.2) 56.5 (5.5) 54.8 (4.9) 50.7 (5.6) 55.9 (5.8) <.001

Continuous parameters are expressed as mean (SD) and are compared using one-way ANOVA, and categorical parameters are compared using the chi-
squared test. Raw NT-proBNP data are expressed as medians and 25th–75th percentile and compared using the Kruskal–Wallis test. CVD: cardiovascular
disease; CTR: cardiothoracic ratio.

Table 1. Causes of death.
Causes of death n Subtotal

CVD
Congestive heart failure 29
Acute myocardial infarction 9
Brain hemorrhage 8
Brain infarction 6
Rupture of aortic aneurysm 2 54

Infection
Pneumonia 21
Sepsis 10
Others 2 33

Malignancy
Lung cancer 5
Gastric cancer 3
Colon cancer 3
Hepatocellular carcinoma 2
Others 6 19

Others
Sudden death 9
Senile deterioration 4
Respiratory failure 3
Gastrointestinal bleeding 2
Ileus 2
Unknown 18 38

Total 144

CVD: cardiovascular disease.
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Figure 2. Receiver operating characteristic (ROC) curve for all causes of death and Kaplan–Meyer analysis. Sensitivity and specifi-
city for all causes of death was assessed using the ROC curve (A). For the two-year all-cause mortality prediction, the area under
the curve (AUC) was 0.761 and the cut-off point was 7400 ng/L. AUC for other causes of death were: 0.750 for CVD-related death,
0.702 for infection and malignancy-related death, and 0.745 for others and unknown cause of death. Using the cut-off point for
all causes of death, the mortality rate was clearly and significantly divided into better and worse prognoses using the
Kaplan–Meier method (all causes of death (B), cardiovascular-related death (C), infection and malignancy-related death (D), and
others and unknown cause of death (E)). Gray line, NT-proBNP <7400 ng/L; black line, NT-proBNP �7400 ng/L.
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higher proBNP levels concurrently. However, even
though we do not have BMI data, patients with a lower
BMI could have developed an infection.

The reasons why higher NT-proBNP levels are associ-
ated with malignancy-related death are unclear; how-
ever, some of these might be as follows. First,
malignant patients usually have a lower BMI, and as
stated above, these patients have been found to have
higher levels of proBNP [13]. Second, a positive correl-
ation between BNP and C-reactive protein was
observed in cancer patients without heart failure [33].
Altogether, patients with malnutrition and in an inflam-
matory state showed higher proBNP levels because of
reduced degradation by adipose tissue [13] and up-
regulation of BNP at the transcriptional and transla-
tional levels, respectively [34].

In multivariate analysis, increments in pre-dialysis
systolic blood pressure were associated with a better
prognosis, especially for all causes and cardiovascular-
related deaths. In the general population, controlling
and lowering blood pressure is recommended to pre-
vent heart failure; however, for dialysis patients, there is
no accurate optimum blood pressure level. At times,
physicians have observed that an increased dialysis vin-
tage results in lowered blood pressure, yet a lower
blood pressure does not always mean a good
prognosis.

This study had some limitations. The cohort com-
prised of prevalent chronic hemodialysis patients, and
was not an incident cohort. Therefore, some sick
patients might have died before being enrolled in our
study. We could not identify the real cause of death
among sudden death or unknown origin cases. Among
them, there might have been some patients who had
suffered from acute myocardial infarction or stroke. We
did not have echocardiogram data, which have been
reported to show a significant relationship with NT-
proBNP [17,18,24]. In addition, laboratory data were
lacking, as serum albumin and C-reactive protein have
been reported to be strong significant predictors of

mortality [7,8,35]. BMI data, which have been reported
to be negatively correlated with NT-proBNP [36], were
also lacking.
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