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Temporal Trajectory of B-Type Natriuretic Peptide in
Patients with CKD Stages 3 and 4, Dialysis, and Kidney
Transplant
Matthew A. Roberts,* David L. Hare,†‡ Ken Sikaris,§ and Francesco L. Ierino†|

Abstract
Background and objectives B-type natriuretic peptide (BNP) concentration predicts outcome in patients
undergoing dialysis. Because survival and cardiovascular risk change across the CKD continuum, serial changes
in BNP were compared in patients at different CKD stages and after kidney transplantation.
Design, setting, participants, & measurements Patients with CKD stages 3 and 4 (CKD 3–4), dialysis patients,
and kidney transplant recipients (KTRs) from one center had two measurements of BNP taken a median of
161 days apart in 2003–2004 and were followed until July 2012. Both BNP-32 (Triage BNP; Biosite Diagnostics)
and NT-BNP-76 (proBNP; Roche Diagnostics) were assayed. The interaction between change in log-transformed
BNP concentration over time and patient group was tested by ﬁtting regression models on panel data with
random effects. Survival after the second measurement was compared by tertile of change in BNP.
Results Patients with CKD 3–4 (n=48), dialysis patients (n=102), and KTRs (n=73) were followed for a median of
5.7, 4.8, and 5.9 years, respectively. The interaction between patient group and BNP measurements over time was
signiﬁcant for NT-BNP-76 (P,0.001) and BNP-32 (P,0.01). Median NT-BNP-76 increased in dialysis patients and
those with CKD 3–4 from 3850 pg/ml (interquartile range [IQR], 1776–12,323 pg/ml) to 18,830 pg/ml (IQR,
6114–61,009 pg/ml; P,0.001) and from 698 pg/ml (IQR, 283–2922 pg/ml) to 2529 pg/ml (IQR, 347–9277 pg/ml;
P=0.002), respectively. Change was not signiﬁcant for KTRs or comparisons made with BNP-32. Survival rate was
signiﬁcantly lower for patients with the highest tertile of change in NT-BNP-76 among patients with CKD 3–4
(P=0.02), but not in the dialysis or KTR groups. In 11 patients who received a kidney transplant during the study,
median NT-BNP-76 decreased from 9607 pg/ml (IQR, 2292–31,282 pg/ml) to 457 pg/ml (IQR, 203–863 pg/ml)
after transplant (P,0.01).
Conclusions The temporal trajectory of BNP differs between dialysis patients and those with CKD 3–4 and KTRs.
This has important implications for the development of BNP-guided management strategies in CKD.
Clin J Am Soc Nephrol 9: 1024–1032, 2014. doi: 10.2215/CJN.08640813

Introduction
Patients with CKD have a high prevalence of left
ventricular (LV) abnormalities and high cardiovascular mortality (1). Because B-type natriuretic peptide (BNP) is released by the left ventricle in
response LV end-diastolic wall stress (2), this biomarker has been studied as a predictor of patient
outcome. Our group and others have demonstrated
that a single elevated BNP concentration strongly
predicts cardiovascular and all-cause mortality in
patients undergoing dialysis (3,4). Concentrations
of BNP are frequently elevated in patients with
CKD, particularly those receiving dialysis, and
more so for the inactive N-terminal end NT-BNP76 than the active 32–amino acid peptide BNP-32
(3). These high BNP concentrations reﬂect intermittent increases in LV wall stress (2), which is highly
deleterious and an important target of successful therapies in chronic heart failure, such as mineralocorticoid
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receptor antagonists (5). In patients receiving hemodialysis, an increase over time of both NT-BNP-76 (6,7)
and BNP-32 (8) was associated with an increased risk
of all-cause mortality. Therefore, assessment of longterm exposure to high LV wall stress by repeated measurement of BNP in patients with CKD is the focus of
this study.
We hypothesized that changes in BNP over time
would be greater in dialysis patients than patients
with CKD stages 3 and 4 (CKD 3–4) or kidney
transplant recipients (KTRs). The primary aim of
this study was to directly compare the change in
BNP-32 and NT-BNP-76 over time in these CKD
groups and to determine which factors are associated with this change. Secondary aims were to conﬁrm the association of change in BNP with
mortality and the fall in BNP following successful
kidney transplantation demonstrated in previous
studies.
www.cjasn.org Vol 9 June, 2014
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Materials and Methods
The baseline BNP concentrations of this prospective cohort
study of patients attending one center (Austin Health, Victoria,
Australia) have been previously reported (3). The Austin
Health Human Research Ethics Committee approved the
study. The clinical and research activities being reported adhered to the Declaration of Helsinki and are consistent with
the Principles of the Declaration of Istanbul as outlined in the
Declaration of Istanbul on Organ Trafﬁcking and Transplant
Tourism.
Study Population
Patients receiving treatment for CKD 3–4, prevalent dialysis patients, and prevalent KTRs were recruited between
August 2003 and August 2004. We deﬁned CKD 3–4 according to an eGFR,60 ml/min per 1.73 m2 on two occasions
using the Modiﬁcation of Diet in Renal Disease (MDRD)
equation 7 (9). Although the CKD-Epidemiology Collaboration equation has replaced the MDRD equation at our institution, the MDRD equation was used at the time patients
were recruited to this study; the patients with CKD 3–4 had
GFR in the lower range, where the MDRD equation performs best (10). Baseline data were recorded, and blood samples were collected at baseline and on one occasion a median
of 161 (interquartile range [IQR], 139–189) days later.
Laboratory Procedures
Blood was collected in serum (for NT-BNP-76) and
EDTA (for BNP-32) tubes and transported on ice to the
laboratory, where it was centrifuged at 3200 g for 10 minutes. Serum and plasma was divided into aliquots and
frozen at 280°C until assayed. For patients undergoing
hemodialysis, blood was drawn from the arterial needle
before the hemodialysis procedure. Otherwise, blood was
processed, stored, and assayed under the same conditions
for all patients in the study.
BNP-32 was measured by a paramagnetic particle
chemiluminescent immunoenzymatic assay (Triage BNP;
Biosite Diagnostics) on a Beckman Coulter Access analyzer
(Beckman Instruments Inc., Chaska, MN), and NT-BNP-76
was measured by an electrochemiluminescence assay
(proBNP, Roche Diagnostics, Indianapolis, IN) on an E170
analyzer (Roche Diagnostics). The total coefﬁcient of variation (CV) at different concentrations of BNP-32 between
40 and 4000 pg/ml is reported to be ,7% (11). The CV at
different concentrations of NT-BNP-76 (494 pg/ml, 7828
pg/ml, and 13,143 pg/ml) is ,6% (12). Cardiac troponin
T (cTnT) was measured by electrochemiluminescence immunoassay (Troponin T; Roche Diagnostics) using the Elecsys
E170 analyzer. A concentration $0.04 ng/ml was considered
detectable.
Statistical Analyses
For comparison of baseline factors between groups, chisquared tests, ANOVA, and Kruskal–Wallis tests were
performed according to distribution. The change in BNP
was categorized into tertiles. Pairwise comparisons of serial BNP were made using the nonparametric Wilcoxon
matched-pairs signed-rank test.
Concentrations of BNP at baseline and follow-up were
compared between patients with CKD 3–4, dialysis patients,
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and KTRs by ﬁtting generalized least-squares regression
models on panel data with random effects. The signiﬁcance
of the difference between the changes over time between
treatment groups was tested as the interaction term between patient group and time of measurement. Factors
that differed between the groups were entered into the
model individually to determine their effect on the interaction. In addition, variables that increased the overall R2 of
the model by the largest amount were sequentially added
to create a multivariate model of this interaction. Concentrations of BNP were log-transformed for this analysis to
give a normal distribution. Intraindividual variability of
BNP was calculated from the SD of the natural logarithm–
transformed BNP values and expressed as the CV according
to the method of Bland, where CV=antilog(intraindividual
SD of log-transformed BNP)21 (13). The association of
change in BNP over time with change in GFR over time
was assessed by inspection of scatter plots of change in
BNP versus change in GFR and by regression on panel
data. A Hausman test was used to determine whether to
use random effects or ﬁxed effects for this analysis.
Patients were followed for all-cause mortality until July 31,
2012. Our earlier study reported shorter-term follow-up (3).
Survival analysis was performed from the date of the second
measurement with censoring at transplantation, death, or
end of study. Separate analyses were performed for BNP32 and NT-BNP-76, and statistical analysis was done using
Stata software, version 11.2 (College Station, TX).

Results
Background Data
Of 252 patients who provided blood at baseline, 5 patients did not meet the deﬁnition of CKD 3–4 and were
excluded from further analysis. Two patients received a
kidney transplant before the second sample was due and
were included in the analysis of change in BNP following
transplant; however, they were excluded from other analyses. There were 59 patients with CKD 3–4, 106 receiving
dialysis (7 on peritoneal dialysis), and 80 KTRs; of these, 10
(17%), 4 (4%), and 9 (11%), respectively, did not give a
second sample (P=0.02). These patients did not differ
from those who provided two samples with regard to
age, sex, history of diabetes, or cardiovascular disease.
Overall, 9 (39%) patients who did not provide a second
sample died (3 in each patient group) compared with 25
(11%) patients who did provide that sample (P,0.001).
Five patients died before the second sample was due.
We thus included 49 patients with CKD 3–4, 102 dialysis
patients, and 71 KTRs with serum available to measure
NT-BNP-76 and 48, 102, and 73 patients, respectively,
with plasma to measure BNP-32.
Dialysis patients had required RRT for a median of 2.6
(IQR, 1.1–9.0) years, and KTRs had undergone transplantation a median of 4.9 (IQR, 2.2–13.6) years previously.
GN was the primary cause of kidney disease in 6% of patients with CKD 3–4, 40% of dialysis patients, and 48% of
KTR. Diabetes was the primary cause of kidney disease in
20%, 13%, and 1% of participants, respectively; hypertension
and vascular disease were the cause in 18%, 9%, and 3%,
respectively. At baseline, dialysis patients had higher systolic
BP, higher C-reactive protein, and lower serum albumin
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levels (Table 1). However, patients with CKD 3–4 were older
and more likely to have diabetes and cardiovascular disease
and had lower GFR than did KTRs.
Change in BNP Concentrations
The intraindividual CVs of NT-BNP-76, based on two
measurements obtained a median of 161 days apart, were
131% for patients with CKD 3–4, 151% for dialysis patients,
and 35% for KTRs. The corresponding values for BNP-32
were 45%, 58%, and 29%, respectively.
The change in concentrations of BNP over time was
signiﬁcantly different among the three groups for both NTBNP-76 (P for interaction between patient group and time
of measurement ,0.001) and BNP-32 (P,0.01). The largest
rise occurred for NT-BNP-76 in patients undergoing dialysis (Figure 1, Table 2). Concentrations of BNP did not
change over time for KTRs. In pairwise comparisons of
nontransformed BNP concentrations, the concentrations
of NT-BNP-76 were signiﬁcantly different between baseline and the second sample in patients with CKD 3–4
(P=0.004) and dialysis patients (P,0.001). No pairwise differences were signiﬁcant for BNP-32.
In the cohort as a whole, NT-BNP-76 was signiﬁcantly
associated with several variables that differed among
groups (Table 1). All of these variables demonstrated signiﬁcant associations with logarithm-transformed NT-BNP76, except for diabetes (Supplemental Table 1). Addition of
each of these variables to the model individually did not
change the signiﬁcance of the interaction between patient
group and time of measurement. In the full model, the interaction remained signiﬁcant (P,0.001) when adjusted for

history of cardiovascular disease, systolic BP, body mass
index, use of renin-angiotensin system inhibitor, serum albumin, hemoglobin, and serum troponin T. For BNP-32,
addition of variables in Supplemental Table 2 individually
also did not change the signiﬁcance of the interaction, and
when adjusted for age, history of cardiovascular disease,
systolic BP, body mass index, use of a b-blocker agent, serum albumin, hemoglobin, and serum troponin T, the P for
interaction was ,0.01.
Associations with Change in BNP
Associations with change in BNP were examined for the
three groups of patients (Table 3). Because the change in BNP
could be positive or negative, the ratio of the second to the ﬁrst
measure was used; this was natural logarithm–transformed
to correct a skewed distribution. The variable most consistently associated with a rise in both forms of BNP in all
groups was cTnT$0.04 ng/ml in sample 2. In dialysis patients, the degree of increase in NT-BNP-76 lessened as
systolic BP increased, and the lowest tertile of change in
BNP-32 had the greatest proportion of patients with a history of heart failure. In CKD 3–4, higher C-reactive protein
was associated with a lower ratio of second to ﬁrst BNP-32.
In KTRs, higher hemoglobin or albumin was associated
with a lower ratio of second to ﬁrst BNP-32 measurements.
However, none of these continuous variable associations was
consistent across the patient groups or for forms of BNP.
Separate analyses of the average effect of changing GFR
over time on the change in BNP in patients with CKD 3–4
and KTRs demonstrated no signiﬁcant effect for NTBNP-76 (P=0.48) or BNP-32 (P=0.35) in CKD 3–4, or for

Table 1. Baseline characteristics of the patients who had two measurements of NT-BNP-76 by treatment group

Characteristic

CKD 3–4 (n=49)

Dialysis (n=102)

Transplant (n=71)

P Value

Age (yr)
Men
Diabetes
Cardiovascular disease
Coronary artery disease
Heart failure
Cerebrovascular disease
Peripheral vascular disease
Smoking
Systolic BP (mmHg)
Diastolic BP (mmHg)
BMI (kg/m2)
Antiplatelet agent
RAS blockade
Statin
b-Blocker
eGFR (ml/min per 1.73 m2)
Hemoglobin (g/dl)
C-reactive protein (mg/L)
Albumin (g/dl)
cTnT-positive (sample 1)
cTnT-positive (sample 2)

67.1611.2
37 (76)
21 (43)
19 (39)
15 (31)
8 (16)
1 (2)
8 (16)
30 (61)
132621
7669
27.3 (24.2–31.8)
24 (49)
33 (67)
26 (53)
17 (35)
24611
12.361.6
3.8 (1.8–7.6)
4.0160.39
9 (19)
10 (21)

62.6614.3
60 (59)
20 (20)
32 (31)
24 (24)
19 (19)
7 (7)
16 (16)
55(54)
145624
78613
24.2 (21.8–27.4)
39 (38)
39 (38)
46 (45)
35 (34)
—
12.161.2
5.0 (3.0–11.8)
3.7660.41
48 (47)
59 (58)

52.8610.7
46 (63)
8 (11)
9 (13)
4 (6)
1 (1)
2 (3)
3 (4)
36 (51)
129614
7766
26.5 (23.3–29.8)
15 (21)
41 (58)
44 (62)
35 (49)
35616
12.961.9
1.6 (0.6–4.6)
4.1260.32
6 (8)
8 (11)

,0.001
0.13
,0.001
0.003
0.001
0.002
0.29
0.05
0.52
,0.001
0.46
,0.001
,0.01
0.001
0.09
0.11
,0.001
0.003
,0.001
,0.001
,0.001
,0.001

Results are similar for patients with two measurements of 32–amino acid BNP (data not shown). Values expressed with a plus/minus
sign are the mean6SD; all other values are the number (percentage) of patients. NT-BNP-76, N-terminal end B-type natriuretic peptide;
BMI, body mass index; RAS, renin-angiotensin system; cTnT-positive, cardiac troponin T$0.04 ng/ml.
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Figure 1. | Concentrations of NT-BNP-76 (A) measured at baseline (sample 1) and 5–6 months later (sample 2) increased in patients with
CKD and dialysis patients, but not kidney transplant recipients. For BNP-32 (B), no significant change was detected. The median and interquartile ranges are based on natural logarithm–transformed values of B-type natriuretic peptide (BNP) and actual values are given on the y axis.
The whiskers represent the data point closest to 1.5 times the interquartile range away from the nearer quartile. BNP-32, 32–amino acid BNP;
NT-BNP-76, N-terminal end BNP.

Table 2. Median (interquartile range) concentrations of BNP-32 and NT-BNP-76 at baseline (first sample) and 5–6 months later
(second sample) and median difference between the two by treatment group

Variable

CKD 3–4

Dialysis

Transplant

BNP-32 (pg/ml)
First sample
Second sample
DBNP-32
NT-BNP-76 (pg/ml)
First sample
Second sample
DNT-BNP-76

n=48
102 (48–252)
103 (34–269)
29 (247 to 39)
n=49
698 (283 to 2,922)
2529 (347–9277)a
778 (257 to 7468)

n=102
218 (93–445)
280 (116–668)
13 (266 to 171)
n=102
3850 (1776–12,323)
18,830 (6114– 61,009)b
13,772 (2058–41,244)

n=73
66 (41–148)
61 (31–161)
24 (220 to 19)
n=71
379 (141–875)
347 (144–981)
2 (274 to 105)

BNP-32, 32–amino acid BNP; BNP, B-type natriuretic peptide; DBNP, change between ﬁrst and second samples.
a
P=0.004 compared with the ﬁrst sample.
b
P,0.001 compared with the ﬁrst sample.

NT-BNP-76 in KTRs (P=0.27). The average effect of 1 ml/min
per 1.73 m2 increase in GFR over the time period lowered the
natural logarithm of BNP-32 by 0.015 (95% conﬁdence interval, 20.063 to 20.007; P,0.001) in KTRs.

Associations of Change in BNP with Mortality
Over a median of 5.7, 4.8, and 5.9 years of follow-up, 16
patients with CKD 3–4 died, as did 45 dialysis patients and 8
KTRs. Survival analysis demonstrated signiﬁcantly poorer
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Table 3. Summary of variables measured at baseline or sample 2 that were associated with change in BNP at the P£0.05 level

Continuous Variables
Variable and Predictor

NT-BNP-76
CKD 3–4
Male sex
cTnT-positive
(sample 1)
cTnT-positive
(sample 2)
Dialysis
SBP (mmHg)
cTnT-positive
(sample 1)
cTnT-positive
(sample 2)
KTR
cTnT-positive
(sample 2)
BNP-32
CKD 3–4
logCRP (mg/L)
Statin use
cTnT-positive
(sample 2)
Dialysis
Heart failure
KTR
Hemoglobin
(per 10 g/dl)
Albumin
(per 1 g/dl)
cTnT-positive
(sample 1)
cTnT-positive
(sample 2)

b-Coefﬁcient (95% CI)

Categorical Variables

P Value

20.01 (20.02 to 0.0)

20.21 (20.38 to 20.03)

Tertile 1,
n (%)

Tertile 2,
n (%)

Tertile 3,
n (%)

P Value

10 (60)
0

11 (69)
2 (13)

16 (100)
7 (44)

0.02
0.004

0

2 (13)

8 (50)

0.001

15 (44)

11 (32)

22 (65)

0.03

17 (50)

15 (44)

27 (79)

,0.01

1 (4)

0

7 (30)

0.002

10 (59)
4 (24)

4 (27)
0

11 (69)
6 (18)

0.05
0.04

11 (32)

2 (6)

6 (18)

0.02

1 (4)

0

5 (21)

0.02

1 (4)

0

7 (30)

0.002

0.05

0.02

20.01 (20.01 to 0.0)

0.02

20.04 (0.07 to 0.0)

0.05

The b-coefﬁcient is the change in the natural logarithm–transformed ratio of the second to the ﬁrst BNP sample for each unit change of
the variable presented. Categorical variables are presented as the number (percentage) in each progressive tertile of change in BNP.
Actual BNP concentrations that deﬁne tertiles are available in Supplemental Table 3. SBP, systolic BP; KTR, kidney transplant recipient;
CRP, C-reactive protein; 95% CI, 95% conﬁdence interval.

survival with the highest tertile of change in NT-BNP-76 in
patients with CKD 3–4 (Figure 2A) but no signiﬁcant difference in survival by tertile of NT-BNP-76 in dialysis patients
(Figure 2B). Survival did not differ by BNP-32 tertile, and no
difference in survival was seen in the KTRs.
Change in BNP after Transplant
When this study commenced, 11 dialysis patients received a kidney transplant and had serum and plasma
available before and after the transplant (Figure 3). The
GFR increased in all patients from a mean of 7.260.9
ml/min per 1.73 m2 to 44.764.9 ml/min per 1.73 m2
(P,0.001). The median BNP-32 was 99 pg/ml (IQR, 57–
223) pg/ml before and 46 pg/ml (IQR, 29–86 pg/ml) after
receiving a kidney transplant (P=0.041). The median NTBNP-76 was 9607 pg/ml (IQR, 2292–31,282 pg/ml) before
and 457 pg/ml (IQR, 203–863 pg/ml) after receiving a kidney transplant (P,0.01).

Discussion
For BNP to become a useful biomarker in the management of patients with all forms of CKD, clinicians must
better understand (1) appropriate clinical decision limits,
(2) what degree of change over time is clinically signiﬁcant, and (3) what management to initiate in response to
the BNP measurement. This study addresses the second
issue in relation to the spectrum of patients with CKD
patients. The amount of change in BNP over time was
greatest for NT-BNP-76 in dialysis patients. Only cTnT at
the time of the second sample was consistently associated
with a greater increase in NT-BNP-76 in the three groups.
We did not conﬁrm the mortality associations of change in
BNP demonstrated previously in dialysis patients (6–8),
but we did demonstrate that patients with CKD 3–4 who
were in the highest tertile of change in NT-BNP-76 had
signiﬁcantly poorer survival compared with those in the
other tertiles.
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Figure 2. | Survival was significantly reduced in patients with the greatest tertile of change of NT-BNP-76 for CKD stages 3–4 (A), but not
dialysis patients (B).

An increase in BNP concentration over time in dialysis
patients has been previously demonstrated for both NTBNP-76 (7,14,15) and BNP-32 (16), although two other
studies demonstrated no signiﬁcant change in these markers (17,18). The concurrent measurement of both forms of
BNP in three groups of patients allowed us to directly
compare patients with CKD 3–4 and KTRs to dialysis patients. Thus, the patients with CKD 3–4 and KTR were
“control” groups, so we can be conﬁdent that the change
in BNP over time in dialysis patients is real.
Dialysis patients have unique factors, such as short-term
effects of the hemodialysis procedure, arteriovenous vascular access, ﬂuctuations in volume status, and highly
prevalent LV abnormalities, that might inﬂuence degree of
change in BNP. All samples in this study were collected just
before the hemodialysis procedure to eliminate effects of
this procedure (19,20). Studies of the effect of vascular access creation on BNP concentrations are inconclusive

(21,22), and studies of BNP as a biomarker of volume overload in patients receiving dialysis also vary in their conclusions (15,16,18).
Interpreting BNP as a marker of volume state requires
knowledge of the underlying LV structure and function.
The change in NT-BNP-76 on serial measurement was
independently associated with the serial change in the peak
early transmitral ﬂow velocity to peak early diastolic mitral
annular velocity ratio, which estimates LV ﬁlling pressure
(14). In hemodialysis patients, the percentage change in LV
mass index over time was signiﬁcantly associated with the
percentage change in log-transformed NT-BNP-76, but not
BNP-32 (23).
Despite a large increase in NT-BNP-76 over time, this
study did not demonstrate a mortality association with
change in BNP in dialysis patients. This may be due to lack
of statistical power. Examination of the survival curves
demonstrates separation of the curves for the ﬁrst 2 years
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Figure 3. | Concentrations of both BNP-32 (A) and NT-BNP-76 (B) were reduced after kidney transplantation. Each line represents an individual patient. Time zero is the date of transplant.

but convergence of particularly the ﬁrst and second tertiles
thereafter. Thus, change in BNP may reﬂect an acute
change in volume state or LV function that inﬂuences
subsequent risk of death, whereas other noncardiac causes
of death might cause more mortality events over the longer
term. In studies with larger sample sizes than ours, the
association of change in NT-BNP-76 or BNP-32 and
mortality was reported at 1 year (6) and at 18 months
(8), respectively. However, the 4D Study reported a signiﬁcant association of doubling of NT-BNP-76 with death
after a longer median follow-up of 4 years (7). We also
demonstrated that patients with CKD 3–4 with greatest
tertile of change in NT-BNP-76 had the poorest survival.
There was no evidence that this was associated with declining GFR.
In some patients in this cohort, a change in GFR did
result in a change in BNP. Eleven patients received a
kidney transplant during the study and demonstrated a
signiﬁcant reduction in BNP concentration in concert with
the rise in GFR. Both BNP-32 (24) and NT-BNP-76 (25)

were reduced after transplant and were inversely associated with measures of kidney function. NT-BNP-76 was
higher after transplant if graft function was delayed (25).
A fall in BNP following restoration of GFR by renal transplantation may result from increased elimination of BNP
or reduction in LV stretch. The relative contribution to the
fall in BNP of these factors requires serial LV imaging to
be determined. A limitation of our study is that prospective serial cardiac imaging, assessment of volume state,
and long-term assessment of cardiovascular events were
not performed.
Distinguishing clinically important change from biologic
variation is important if serial measurement of BNP is to be
clinically useful. In our study, the intraindividual variability of BNP concentrations was high. The reference change
value is the degree of change that is clinically important
and not just attributable to biologic variability. This was
demonstrated in different studies to be 102% for NT-BNP76 in hemodialysis patients (26). In patients with stable
heart failure, this value ranges from 23% (27) to 98% (28).
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Studies to deﬁne a role for routine measurement of BNP
in CKD should be performed in the speciﬁc populations,
and data derived from the NT-BNP-76 assay cannot be
applied to the use of BNP-32 assays. From our data, one
might favor NT-BNP-76 over BNP-32 because the differences between groups were more pronounced and only
NT-BNP-76 demonstrated some mortality associations. In
addition, NT-BNP-76 is more stable in vitro, and the higher
concentration makes it easier to measure than BNP-32 (29).
A different effect of renal elimination between BNP-32 and
NT-BNP-76 has been described (30) but not conﬁrmed by a
study of the dependence of NT-BNP-76 and BNP-32 on
renal clearance (31). Further studies of both markers simultaneously are required to better elucidate the factors causing the differential increase in their concentrations.
Randomized controlled trials in patients with heart failure
have demonstrated a reduced mortality when interventions
are applied in a BNP-driven management strategy (32); in
patients undergoing dialysis, appropriate interventions remain to be identiﬁed. A BNP-guided management strategy
might include improving volume control with dialysis or
titrating medications with prognostic beneﬁt in cardiovascular studies, such as b-blocker therapy, which has been demonstrated to decrease BNP in dialysis patients (33,34).
In conclusion, change in BNP over time differs by stage of
CKD, with the greatest change evident in dialysis patients.
Higher all-cause mortality is associated with rising BNP in
CKD 3–4. Further studies in larger cohorts are necessary to
enable development of clinical decision limits speciﬁc to the
stage of CKD so that BNP-guided management strategies
can be developed for clinical use in these patients.
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Supplementary Appendix:
Rising B-type Natriuretic Peptide in chronic kidney disease III-IV, dialysis and
kidney transplant patients differs between groups and predicts mortality

1

Table S1. Variables with a significant association with log-transformed NT-BNP-76
in all patients together, that differed between groups in Table 1 (CKD, dialysis and
KTR).
Variable

Beta-coefficient (95% confidence

P

interval)
Age (per year)

0.05 (0.03 to 0.06)

<0.001

Hemoglobin (per 10g/dL)

-0.05 (-0.06 to -0.04)

<0.001

C Reactive Protein (per log unit)

0.55 (0.41 to 0.68)

<0.001

Albumin (per g/L)

-0.26 (-0.30 to -0.22)

<0.001

Systolic blood pressure (per

0.04 (0.03 – 0.04)

<0.001

Body Mass Index (per kg/m2)

-0.10 (-0.13 to – 0.06)

<0.001

Diabetes

0.15 (-0.33 to 0.63)

0.53

Cardiovascular Disease

1.38 (0.95 to 1.92)

<0.001

Sex (male)

-0.57 (-0.99 to -0.16)

0.007

Troponin T≥0.04ng/mL

2.4 (2.0-2.8)

<0.001

Renin-angiotensin system

-0.77 (-1.17 to -0.38)

<0.001

1.0 (0.6 to 1.4)

<0.001

mmHg)

inhibition
Antiplatelet agent

2

Table S2. Variables with a significant association with log-transformed BNP-32 in all
patients together, that differed between groups in Table 1 (CKD, dialysis and KTR).
Variable

Beta-coefficient (95% confidence

P

interval)
Age (per year)

0.04 (0.03 to 0.05)

<0.001

Hemoglobin (per 10g/dL)

-0.03 (-0.04 to -0.02)

<0.001

C Reactive Protein (per log unit)

0.27 (0.18 to 0.35)

<0.001

Albumin (per 10g/dL)

-0.15 (-0.17 to -0.12)

<0.001

Systolic blood pressure (per

0.02 (0.01 – 0.03)

<0.001

Body Mass Index (per g/m2)

-0.05 (-0.8 to – 0.03)

<0.001

Diabetes

0.39 (0.10 to 0.67)

0.007

Cardiovascular Disease

1.04 (0.78 to 1.29)

<0.001

Sex (male)

-0.40 (-0.65 to -0.15)

0.002

Troponin T≥0.04ng/mL

1.27 (1.02 to 1.51)

<0.001

Renin-angiotensin system

-0.32 (-0.56 to -0.08)

<0.001

Beta-blocker

0.39 (0.15 to 0.63)

0.002

Antiplatelet agent

0.76 (0.51 to 1.00)

<0.001

mmHg)

inhibition

3

Table S3. Values for tertiles of change in BNP. The “+” or “-“ sign indicates
direction of change.

Tertile 1

Tertile 2

Tertile 3

≤ +144pg/mL

+145pg/mL to

≥ +3,066pg/mL

NT-BNP-76
CKD III-IV

+3,065pg/mL
Dialysis

≤ +3,566pg/mL

+ 3,567pg/mL to

≥ +27,449pg/mL

+27,448pg/mL
KTR

≤ -46pg/mL

-45pg/mL to

≥ +58pg/mL

+57pg/mL
BNP-32
CKD III-IV

≤ -35pg/mL

-34pg/mL to

≥ +16pg/mL

+15pg/mL
Dialysis

≤ -21pg/mL

-20pg/mL to

≥ +133pg/mL

+132pg/mL
KTR

≤ -11pg/mL

-10pg/mL to

≥ +11pg/mL

+10pg/mL

4

