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Abstract
Objectives: Cardiovascular and renal diseases are closely related. Brain natriuretic peptide (BNP) and urinary
albumin are established predictors for cardiac and renal morbidities, respectively. To date, no reports have
investigated the combined predictive value of BNP and urinary albumin for long-term cardiovascular–renal events in
patients with chronic kidney disease (CKD). The aim of this study was to investigate this theme.

Methods: Four hundred eighty-three patients with CKD were enrolled into this study and followed-up for 10 years.
The endpoint was cardiovascular–renal events.

Results: During the median follow-up period of 109 months, 221 patients developed cardiovascular–renal events.
Log-transformed BNP and urinary albumin were identified as independent predictors for cardiovascular–renal
events, with a hazard ratio of 2.59 (95% confidence interval [CI], 1.81–3.72) and 2.27 (95% CI, 1.82–2.84) for
BNP and urinary albumin, respectively. For the combined variables, the group with high BNP and urinary albumin
had a markedly higher risk (12.41-times; 95% CI 5.23–29.42) of cardiovascular–renal events compared with that
of the group with low BNP and urinary albumin. Adding both variables to a predictive model with basic risk factors
improved the C-index (0.767, 0.728 to 0.814, p=0.009), net reclassification improvement (0.497, p<0.0001), and
integrated discrimination improvement (0.071, p<0.0001) more than each of them alone.

Conclusions: This is the first report to demonstrate that the combination of BNP and urinary albumin can stratify
and improve the predictability of long-term cardiovascular–renal events in CKD patients.
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Introduction

In patients with chronic kidney disease (CKD), a decrease in
the glomerular filtration rate (GFR) and an increase in urinary
albumin levels are associated independently with an increased
risk of end-stage renal failure and cardiovascular death.1,2

Conversely, in patients with cardiac disease, renal function is
impaired through hemodynamic involvement, such as decreased
renal blood flow and/or venous congestion, and activation of
the renin–angiotensin and sympathetic nervous systems.3 The
umbrella term, cardiorenal syndrome (CRS), has been used to
refer to a disorder of the heart and kidneys where acute or
chronic dysfunction in one organ may induce acute or chronic
dysfunction in another organ.

Biomarkers are helpful in assessing these conditions. Urinary
albumin, a representative urinary biomarker, is related to
cardiovascular disease (CVD) and death as well as to renal
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prognosis.4 Brain natriuretic peptide (BNP), a representative
cardiac biomarker, was shown to be useful as a diagnostic,
prognostic, and therapeutic indicator of heart failure (HF).5 To
date, there have been no reports that investigate the combined
predictive value of BNP and urinary albumin for long-term
cardiovascular–renal events in patients with CKD. The aim of
this study is to investigate this theme.

Methods

Study participants
Patients were selected from the cohorts that were enrolled in

our previous studies6–8 between February 2009 and September
2010. The inclusion criteria were as follows: (1) urinary albumin
>30 mg/g Cr or estimated GFR (eGFR) <60 mL/min/1.73 m2;
(2) eGFR >15 mL/min/1.73 m2; (3) a follow-up period of at
least 1 year; and (4) BNP and urinary albumin were measured
at enrollment.

Outcome assessment
The study participants were followed-up clinically until

April 2020. The primary endpoint was the composite of the
occurrence of cardiovascular events and progression of renal
dysfunction. Cardiovascular events were defined as HF requiring
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hospitalization, myocardial infarction, angina pectoris requiring
a therapeutic intervention, stroke, aortic dissection, or aortic
aneurysm rupture. The Framingham criteria for HF9 was
used. Stroke was defined as the presence of clinical signs
of focal or global disturbances in cerebral function caused by
cerebrovascular damage. Progression of renal dysfunction was
defined as the doubling of serum creatinine (Cr) or the initiation
of renal replacement therapy.

Ethics
All procedures that involved human participants were

performed in accordance with the ethical standards of the
institutional and/or national research committee and with the
1964 Declaration of Helsinki and its later amendments or
comparable ethical standards. This study was approved by the
Ethics Committee at the Fujita Health University School of
Medicine (authorized number: HM20-059). Informed consent
was waived because of the retrospective nature of the study.

Statistical analyses
Normally distributed variables are expressed as the

mean±standard deviation, whereas nonparametric data are
presented as the median and interquartile range. Intergroup
differences were evaluated using a one-way analysis of variance,
and the Kruskal–Wallis and Chi-square tests were used for
continuous and categorical variables, respectively. Cumulative
incidence rates of cardiovascular–renal events were estimated
using the Kaplan–Meier method, and intergroup differences
were compared using a log-rank test. BNP levels were divided
into low (<40 pg/mL), moderate (40–100 pg/mL), and high
(>100 pg/mL) categories, in accordance with the JCS 2017/
JHFS 2017 Guideline on Diagnosis and Treatment of Acute and
Chronic Heart Failure.10 Urinary albumin levels were divided
into normal to mild (30 mg/g Cr), moderate (30–300 mg/g Cr),
and high categories (>300 mg/g Cr) in accordance with the
Kidney Disease Improving Global Outcomes (KDIGO) CKD
guidelines.2 Hazard ratios (HRs) and 95% confidence intervals
(CIs) for cardiovascular–renal events, cardiovascular events, or
renal events were calculated for each factor using the Cox
proportional hazards analysis after adjusting for age, sex, systolic
blood pressure, hemoglobin, high-density lipoprotein (HDL)-
cholesterol, low-density lipoprotein (LDL)-cholesterol, eGFR,
history of CVD, and diabetes. To assess whether the accuracy
of predicting endpoints would improve after combining BNP and
urinary albumin in a baseline model using the already known
risk11–13 score, we calculated the C-index, net reclassification
improvement (NRI), and integrated discrimination improvement
(IDI). The C-index, which is defined as the area under the
receiver operating characteristic curve between the individual
predictive probabilities for endpoints and the incidence of
endpoints, was compared using the baseline model.14 The
NRI is a relative indicator of how many patients showed an
improvement in the predicted probability for the endpoints.
The IDI indicates the average improvement in the predicted
probability for the endpoints after adding variables to the baseline
model.15 A p-value <0.05 was considered statistically significant.
Statistical analyses were performed using SPSS version 25.0
(IBM Corp., Armonk, NY, USA).

Results

Baseline characteristics
Patient selection is shown in Figure 1, and 483 patients were

enrolled. Study population characteristics are summarized in
Table 1. The mean age was 67±13 years, and the prevalence
of male sex, diabetes, smoking, and history of CVD was 62.7%,
57.8%, 32.1%, and 18.0%, respectively. Systolic and diastolic
blood pressure was 130 (122–140) mmHg and 71 (67–78) mmHg,

Figure 1 Flowchart of patient selection

Table 1 Patient demographic information (n=483)

All patients (n=483)
Male sex (%) 62.7
Age (years) 67±13
Hypertension (%) 74.1
Diabetes (%) 57.8
Hyperlipemia (%) 41.4
Smoking (%) 32.1
History of cardiovascular disease (%) 18.0
 Old myocardial infarction (%) 5.8
 Heart failure (%) 6.6
 Stroke (%) 5.6
Systolic blood pressure (mmHg) 130 (122–140)
Diastolic blood pressure (mmHg) 71 (67–78)
Albumin (g/dL) 4.1±0.5
Hemoglobin (g/dL) 12.5±2.0
HDL-cholesterol (mg/dL) 57±18
LDL-cholesterol (mg/dL) 113±33
eGFR (mL/min/1.73 m2) 40.2 (26.9–57.1)
hsCRP (mg/dL) 0.07 (0.03–0.17)
BNP (pg/mL) 31 (16–72)
Urinary albumin (mg/g Cr) 176 (46–601)
ARB (%) 66.0
ACEI (%) 18.2
β-blocker (%) 17.2
CCB (%) 53.2
Statins (%) 39.5
Aspirin (%) 22.2

HDL, high-density lipoprotein; LDL, low-density lipoprotein; eGFR,
estimated glomerular filtration rate; hsCRP, high-sensitive C-reactive
protein; BNP, brain natriuretic peptide; ARB, angiotensin receptor
blocker; ACEI, angiotensin-converting enzyme inhibitor; CCB, calcium
channel blocker
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respectively. The eGFR was 40.2 (26.9–57.1) mL/min/1.73 m2.
Clinical characteristics on the basis of the BNP category are
shown in Table 2, and those on the basis of the urinary albumin
category are shown in Table 3. The most common primary
disease was diabetic nephropathy followed by nephrosclerosis
and primary glomerular disease (Table 4).

Correlated factors for brain natriuretic peptide and urinary albumin
Table 5 shows factors that were correlated with BNP

and urinary albumin using multiple regression analysis. BNP
correlated significantly with age, hemoglobin, history of CVD,
and urinary albumin, whereas urinary albumin correlated
significantly with age, sex, systolic blood pressure, hemoglobin,
LDL cholesterol, eGFR, diabetes, and BNP. The standardization
coefficient β for log BNP to log urinary albumin was 0.16
(p=0.0003), while that of log urinary albumin to log BNP was
0.18 (p=0.0003).

Prognostic value of BNP and urinary albumin
During the follow-up period of 109 (56–120) months, 221

patients (45.8%) developed cardiovascular and renal events;
these included doubling of serum Cr levels in 144 patients
(29.8%), induction of dialysis in 101 patients (20.9%), HF in
42 patients (8.9%), angina pectoris/myocardial infarction in 41
patients (8.5%), cerebral stroke in 48 patients (9.9%), and aortic
dissection/aneurysm rupture in four patients (0.8%). On Cox
multivariable analysis, log BNP (adjusted HR [aHR], 2.59; 95%
CI, 1.81–3.72; p<0.0001) and log urinary albumin (aHR, 2.27;

95% CI, 1.82–2.84; p<0.0001) were identified as independent
predictors for cardiovascular–renal events after adjusting for sex,
age, systolic blood pressure, hemoglobin, HDL-cholesterol, LDL-
cholesterol, eGFR, history of CVD, and diabetes (Table 6). For
cardiovascular events alone, log BNP (aHR, 3.12; 95% CI, 2.00–
4.87; p<0.0001) and log urinary albumin (aHR, 1.67; 95% CI,
1.27–2.20; p=0.0002) were also independent predictors (Table 6).
For renal events alone, similar results were obtained, as follows:
log BNP (aHR, 1.70; 95% CI, 1.10–2.62; p=0.017) and log urinary
albumin (aHR, 3.76; 95% CI, 2.77–5.12; p<0.0001) (Table 6).

When patients were divided into high, moderate, and low
groups on the basis of BNP and urinary albumin levels, the
high BNP group had a risk of cardiovascular–renal events that
was 2.41-times (95% CI, 1.63–3.55; p<0.0001) higher than that
of the low BNP group. A similar result was obtained on the
basis of urinary albumin (aHR, 4.52; 95% CI, 2.69–7.60; p<0.001;
Table 7). When both variables were combined, the group with
high BNP and urinary albumin had a markedly higher risk (12.41-
times; 95% CI 5.23–29.42, p<0.0001 for trend) of cardiovascular–
renal events compared with that of the group with low BNP and
urinary albumin (Table 8, Figure 2). The cumulative incidence of
cardiovascular–renal events over 10 years was 38.6%, 50.4%, and
63.4% in the low, moderate, and high BNP groups and 22.9%,
36.7%, and 67.0% in the low, moderate, and high urinary albumin
groups, respectively (both P<0.0001; Figure 3). Patient follow-up
rates at 100 and 110 months were 76.4% and 72.5%, respectively.

Table 2 Clinical characteristics in accordance with brain natriuretic peptide category (n=483)

BNP
p valueLow (<40 pg/mL)

(n=280)
Middle (40–100 pg/mL)

(n=121)
High (>100 pg/mL)

(n=82)
Male sex (%) 63.6 61.2 62.2 0.90
Age (years) 63±13 71±10 73±10 <0.0001
Hypertension (%) 72.5 73.6 80.5 0.34
Diabetes (%) 60.4 57.9 48.8 0.18
Hyperlipemia (%) 39.6 42.1 46.3 0.71
Smoking (%) 33.6 29.8 30.5 0.49
History of cardiovascular disease
 Old myocardial infarction (%) 3.2 11.6 6.1 0.004
 Heart failure (%) 1.8 5.8 24.4 <0.0001
 Stroke (%) 6.1 5.0 4.9 0.85
Systolic blood pressure (mmHg) 129 (121–136) 131 (124–143) 131 (120–42) 0.046
Diastolic blood pressure (mmHg) 72 (68–78) 71 (65–78) 70 (64–78) 0.38
Albumin (g/dL) 4.2±0.4 4.0±0.5 3.8±0.5 <0.0001
Hemoglobin (g/dL) 13.0±1.8 11.9±2.1 11.4±1.9 <0.0001
HDL-cholesterol (mg/dL) 57±19 55±16 58±17 0.42
LDL-cholesterol (mg/dL) 117±32 110±32 105±34 0.009
eGFR (mL/min/1.73 m2) 43.9 (29.9–62.9) 37.3 (24.0–52.6) 32.4 (25.0–43.6) <0.0001
hsCRP (mg/dL) 0.06 (0.02–0.16) 0.07 (0.03–0.17) 0.11 (0.04–0.32) 0.02
BNP (pg/mL) 19 (11–27) 60 (50–80) 172 (123–264) <0.0001
Urinary albumin (mg/g Cr) 146 (39–573) 183 (57–560) 254 (51–1110) 0.10
ARB (%) 65.0 67.8 67.1 0.80
ACEI (%) 15.7 23.1 19.5 0.19
β-blocker (%) 10.0 23.1 32.9 <0.0001
CCB (%) 46.8 59.5 65.9 0.002
Statins (%) 43.2 32.2 37.8 0.12
Aspirin (%) 13.6 30.6 39.0 <0.0001

HDL, high-density lipoprotein; LDL, low-density lipoprotein; eGFR, estimated glomerular filtration rate; hsCRP, high-sensitive C-reactive protein; BNP,
brain natriuretic peptide; ARB, angiotensin receptor blocker; ACEI, angiotensin-converting enzyme inhibitor; CCB, calcium channel blocker

Advanced Publication by J-STAGE

3



Identifying the predictive value for basic risk factors and the
combination of BNP and urinary albumin for cardiovascular–renal
events

We assessed the effect of adding BNP and urinary albumin
to the basic risk factors comprising sex, age, systolic blood
pressure, HDL-cholesterol, LDL-cholesterol, hemoglobin, eGFR,
history of CVD, and diabetes.11–13 We found that adding BNP and
urinary albumin improved the predictability for cardiovascular–
renal events after follow-up for 109 months beyond that
using the basic risk factors alone, as follows: C-index, 0.767
(95% CI, 0.728–0.814; p=0.009); NRI, 0.497 (p<0.0001); and
IDI, 0.071 (p<0.0001). When BNP and urinary albumin are
compared individually, the combination of BNP and urinary
albumin significantly improved the NRI (0.460, p<0.0001 and

Table 4 Primary disease (n=483)

Primary disease N (%)
Diabetic nephropathy 172 (35.6)
Nephrosclerosis 102 (21.1)
Primary glomerular disease 67 (13.9)
Vasculitis syndrome 20 (4.1)
Lupus nephritis 14 (2.9)
Tubular interstitial disease 11 (2.3)
Autosomal dominant polycystic kidney disease 6 (1.2)
Vascular disease other than vasculitis 4 (0.8)
Others 5 (1.0)
Unknown 82 (17.0)

Table 5 Correlated factors for brain natriuretic peptide and urinary
albumin by multiple regression analysis

Standardization
coefficient β p value

log BNP
 Age 0.37 <0.0001
 Sex (Male) –0.05 0.24
 Systolic blood pressure –0.004 0.92
 Hemoglobin –0.20 0.0001
 HDL-cholesterol 0.04 0.36
 LDL-cholesterol –0.08 0.07
 eGFR –0.02 0.66
 History of cardiovascular disease 0.18 <0.0001
 Diabetes –0.01 0.81
 log urinary albumin 0.16 0.0003

log urinary albumin
 Age –0.31 <0.0001
 Sex (Male) 0.17 0.0004
 Systolic blood pressure 0.21 <0.0001
 Hemoglobin –0.18 0.001
 HDL-cholesterol –0.03 0.56
 LDL-cholesterol 0.16 0.0002
 eGFR –0.22 <0.0001
 History of cardiovascular disease –0.05 0.29
 Diabetes 0.14 0.002
 log BNP 0.18 0.0003

HDL, high-density lipoprotein; LDL, low-density lipoprotein; eGFR,
estimated glomerular filtration rate; BNP, brain natriuretic peptide

Table 3 Clinical characteristics on the basis of urinary albumin category (n=483)

Urinary albumin
p valueLow (<30 mg/g Cr)

(n=83)
Middle (30–300 mg/g Cr)

(n=218)
High (>300 mg/g Cr)

(n=182)
Male sex (%) 57.8 58.3 70.3 0.03
Age (years) 70±9 67±12 64±14 0.0006
Hypertension (%) 73.5 68.8 80.8 0.02
Diabetes (%) 45.8 62.4 57.7 0.03
Hyperlipemia (%) 32.5 40.8 46.2 0.10
Smoking (%) 27.7 29.8 36.8 0.07
History of cardiovascular disease
 Old myocardial infarction (%) 4.8 7.3 4.4 0.42
 Heart failure (%) 8.4 3.7 9.3 0.05
 Stroke (%) 7.2 6.0 4.4 0.64
Systolic blood pressure (mmHg) 125 (119–132) 130 (121–136) 132 (124–146) <0.0001
Diastolic blood pressure (mmHg) 70 (64–76) 72 (68–78) 72 (67–79) 0.15
Albumin (g/dL) 4.1±0.4 4.2±0.4 3.9±0.5 <0.0001
Hemoglobin (g/dL) 12.7±2.0 12.8±1.9 12.0±2.1 0.0003
HDL-cholesterol (mg/dL) 57±20 58±18 55±16 0.23
LDL-cholesterol (mg/dL) 109±30 110±29 118±37 0.04
eGFR (mL/min/1.73 m2) 45.1 (31.8–53.8) 46.9 (34.0–71.6) 29.9 (22.2–45.4) <0.0001
hsCRP (mg/dL) 0.06 (0.03–0.27) 0.08 (0.03–0.17) 0.07 (0.02–0.19) 0.51
BNP (pg/mL) 31 (18–64) 29 (15–61) 30 (19–87) 0.16
Urinary albumin (mg/g Cr) 13 (7–22) 89 (51–186) 934 (530–1955) <0.0001
ARB (%) 65.1 59.6 74.2 0.006
ACEI (%) 13.3 16.5 22.5 0.12
β-blocker (%) 19.3 17.0 16.5 0.87
CCB (%) 37.3 48.6 65.9 <0.0001
Statins (%) 36.1 38.5 42.3 0.54

HDL, high-density lipoprotein; LDL, low-density lipoprotein; eGFR, estimated glomerular filtration rate; hsCRP, high-sensitive C-reactive protein; BNP,
brain natriuretic peptide; ARB, angiotensin receptor blocker; ACEI, angiotensin-converting enzyme inhibitor; CCB, calcium channel blocker
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0.177, p=0.03, respectively) and IDI (0.053, p<0.0001 and 0.010,
p=0.019, respectively; Table 9).

Discussion

There were several main findings in this study. First,
plasma BNP and urinary albumin levels, which are established
markers for cardiovascular and renal disorders, respectively, were
independently correlated with each other. Second, plasma BNP
levels could predict both cardiovascular and renal events, and
urinary albumin levels could predict renal and cardiovascular
events, as previously reported. Third, the combination of both
variables could stratify the risk of cardiovascular–renal events
and improve the predictability (as shown by the increase in
C-statistics, NRI, and IDI) better than each of the variables
alone. Thus, these results might increase the knowledge about
biomarkers for cardio-renal syndrome.

BNP is released by the left ventricle in response to left
ventricular end-diastolic wall stress,16 and it is routinely used
in clinical practice to diagnose or to exclude HF. BNP was

Table 6 Predictive value of brain natriuretic peptide and urinary
albumin for cardiovascular–renal events, cardiovascular events, and renal
events

HR (95%CI) p value
Cardiovascular–renal events
 logBNP 2.59 (1.81–3.72) <0.0001
 log urinary albumin 2.27 (1.82–2.84) <0.0001

Cardiovascular events
 logBNP 3.12 (2.00–4.87) <0.0001
 log urinary albumin 1.67 (1.27–2.20) 0.0002

Renal events
 logBNP 1.70 (1.10–2.62) 0.017
 log urinary albumin 3.76 (2.77–5.12) <0.0001

Adjusted for sex, age, systolic blood pressure, hemoglobin, HDL-
cholesterol, LDL-cholesterol, eGFR, history of cardiovascular disease,
and diabetes
HR, hazard ratio; CI, confidence interval; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; eGFR, estimated glomerular filtration rate;
BNP, brain natriuretic peptide

classified as a Class 1 recommendation for diagnosis, severity,
and prognostic evaluation in the 2017 guideline for diagnosis and
treatment of acute and chronic HF.10

Patients with CKD have higher baseline BNP levels compared
with those of matched patients with normal renal function
because of impaired renal clearance, chronic pressure/volume
overload, and CKD-associated cardiomyopathy.17,18 The following
three fates are proposed for secreted BNP: (i) capture by its
receptors for signal transduction or clearance; (ii) inactivation
by neutral endopeptidase; or (iii) excretion from the kidney
in its active form.19 In the highest urinary albumin category
(300 mg/g Cr) in this study, the aHRs of cardiovascular–renal
events between the BNP <40 pg/mL and 40<BNP<100 pg/mL
categories were comparable. These results might be attributed to
decreased excretion from the kidney that is caused by reduced
renal function.

BNP levels are also significantly elevated in patients with
CRS.20 In the consensus conference on CRS that was sponsored

Figure 2 The cumulative incidence of cardiovascular–renal events over
10 years was 38.6%, 50.4%, and 63.4% in the low, moderate, and high
BNP groups and 22.9%, 36.7%, and 67.0% in the low, moderate, and high
urinary albumin groups, respectively (both p<0.0001).

Table 7 Adjusted hazard ratio of cardiovascular–renal events for brain natriuretic peptide and urinary albumin

HR (95%CI) p value
BNP <40 pg/mL Reference

40–100 pg/mL 1.24 (0.88–1.76) 0.22
>100 pg/mL 2.41 (1.63–3.55) <0.0001

Urinary albumin <30 mg/g Cr Reference
30–300 mg/g Cr 1.91 (1.14–3.21) 0.015
>300 mg/g Cr 4.52 (2.69–7.60) <0.0001

Adjusted for sex, age, systolic blood pressure, hemoglobin, HDL-cholesterol, LDL-cholesterol, eGFR, history of cardiovascular disease, and diabetes
HDL, high-density lipoprotein; LDL, low-density lipoprotein; eGFR, estimated glomerular filtration rate; BNP, brain natriuretic peptide

Table 8 Adjusted hazard ratio of cardiovascular–renal events in the combination of brain natriuretic peptide and urinary albumin

Urinary albumin
<30 mg/g Cr 30–300 mg/g Cr >300 mg/g Cr

BNP <40 pg/mL reference 2.70 (1.20–6.08) 6.65 (2.99–14.80)
40–100 pg/mL 2.43 (0.76–7.79) 3.37 (1.44–7.88) 7.00 (2.99–16.39)
>100 pg/mL 4.89 (1.62–14.79) 5.92 (2.35–14.88) 12.41 (5.23–29.42) (p<0.0001)

Adjusted for sex, age, systolic blood pressure, hemoglobin, HDL-cholesterol, LDL-cholesterol, eGFR, history of cardiovascular disease, and diabetes
HDL, high-density lipoprotein; LDL, low-density lipoprotein; eGFR, estimated glomerular filtration rate; BNP, brain natriuretic peptide
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Figure 3 The hazard ratios for the occurrence of cardiovascular–renal events were stratified significantly into nine categories comprising combinations
of the three brain natriuretic peptide categories and the three urinary albumin creatinine ratio categories.

Table 9 Cardiovascular–renal events identified by each model using C-index, NRI, and IDI

C-index (95%CI) p value NRI p value IDI p value
Established risk factorsa 0.727 (0.681–0.774)
+BNP 0.739 (0.694–0.784) 0.19 0.267 0.002 0.018 0.002
+urinary albumin 0.766 (0.722–0.809) 0.009 0.449 <0.0001 0.061 <0.0001
+BNP+urinary albumin 0.767 (0.728–0.814) 0.009 0.497 <0.0001 0.071 <0.0001
+BNP vs. +BNP+urinary albumin 0.032 (0.006–0.058)b 0.014 0.460 <0.0001 0.053 <0.0001
+urinary albumin vs. +BNP+urinary albumin 0.006 (–0.006–0.017)b 0.33 0.177 0.03 0.010 0.019

a, adjusted for sex, age, systolic blood pressure, hemoglobin, HDL-cholesterol, LDL-cholesterol, eGFR, history of cardiovascular disease, and diabetes
b, estimated difference between two groups
IDI, integrated discrimination improvement; NRI, net reclassification improvement; CI, confidence interval; HDL, high-density lipoprotein; LDL,
low-density lipoprotein; eGFR, estimated glomerular filtration rate; BNP, brain natriuretic peptide
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by the Acute Dialysis Quality Initiative (ADQI), CRS was
classified into five subtypes.3 In CRS type 2, chronic HF results
in CKD onset or progression. Examples of CRS type 2 include
progressive CKD resulting from chronic HF in congenital or
acquired heart disease or from repeated bouts of acute
decompensated HF. Extended periods of chronic HF result in
altered renal hemodynamics and progressive renal pathology
related to albuminuria. The correlation of BNP with renal events
in the present study may reflect this pathophysiology.

However, in CRS type 4, CKD promotes the progression of
chronic HF, ventricular hypertrophy, and diastolic dysfunction
and increased the risk of adverse cardiovascular events.3 The
common traditional risk factors for CKD and CVD are older
age, smoking, hypertension, diabetes, and dyslipidemia.21 Other
factors associated with CKD, such as anemia, albuminuria,
CKD–mineral and bone disorder, inflammation, increased renin–
angiotensin–aldosterone system activation, sympathetic nervous
system activation, oxidative stress, and insulin resistance, are
also associated with the development of CVD.13 The correlation
of urinary albumin with BNP also reflects these common
backgrounds.

We assessed the effect of adding BNP and urinary albumin
to the basic risk factors,11–13 which comprised age, sex, systolic
blood pressure, hemoglobin, HDL-cholesterol, LDL-cholesterol,
eGFR, history of CVD, and diabetes, and found that combining
BNP and urinary albumin, rather than each factor alone,
significantly improved the prediction of cardiovascular and renal
events at 109 months better than the basic risk factors, as shown
by the increase in the C-index, NRI, and IDI. Thus, measurement
of both BNP and urinary albumin might improve the quality of
risk management in clinical practice.

A meta-analysis showed a decrease in the hospitalization
rate due to HF, CVD, or all-cause mortality when patients
underwent BNP-guided therapy.22 A drug-induced reduction in
urinary albumin was also found to be renoprotective.23 On the
basis of the indications for drugs that have been shown to
inhibit both cardiovascular and renal events, evaluating BNP
combined with albuminuria might help to improve patients’
prognosis. Monitoring the change in BNP and albuminuria
will also help to evaluate the effect of drugs such as renin–
angiotensin–aldosterone system inhibitors24 and sodium–glucose
cotransporter-2 inhibitors.25

Several reports have been published about the relationship
between BNP and urinary albumin. Furukawa et al.26 researched
the association between plasma BNP level and renal function
among Japanese patients with type 2 diabetes mellitus. In
their report, the highest BNP level (≥39.2 ng/mL) was
independently and positively associated with microalbuminuria
and macroalbuminuria. Naganuma et al.27 investigated BNP and
urinary albumin as markers for cardiovascular evaluation of
kidney donors. They found that plasma BNP concentrations in
kidney donors were significantly higher than those in the healthy
volunteers, and among kidney donors, 16% had microalbuminuria
and 4% had overt proteinuria. Wang et al.28 evaluated the
incremental usefulness of ten multiple biomarkers for predicting
the risk of cardiovascular events in Framingham Heart Study
participants. They showed that BNP and the urinary albumin-
to-creatinine ratio were the best predicted major cardiovascular
events. However, there have been no reports on the significance
of the combination of BNP and urinary albumin as a predictor of
cardiovascular–renal events over a long period in CKD patients.
Thus, the present study is novel.

This study had some limitations. First, this was a single-center
cohort study. Second, serum Cr levels were affected by both
the eGFR and muscle mass. Third, we did not assess the serial
changes in BNP and albuminuria over time.

In conclusion, BNP and urinary albumin are closely associated
with long-term cardiovascular–renal events in CKD patients. The
present report is the first to demonstrate that the combination
of BNP and urinary albumin can stratify and improve the
predictability of long-term cardiovascular–renal events in CKD
patients.
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