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N-Terminal Pro-B-Type Natriuretic Peptide Is a Predictor of
Chronic Kidney Disease in an Asian General Population

— The Ohasama Study —
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Yutaka Imai, MD, PhD; Takayoshi Ohkubo, MD, PhD

Background: N-terminal pro-B-type natriuretic peptide (NT-proBNP) is known to increase in heart failure patients. Given that no
reports have described the association between NT-proBNP and chronic kidney disease (CKD) incidence in Asian populations, we
investigated this association in the Japanese population.

Methods and Results: We followed up 867 participants without CKD from the general population of Ohasama, Japan. We defined
CKD as estimated glomerular filtration rate (¢GFR) <60 mL/min/1.73m? and/or proteinuria. In accordance with previous studies, the
participants were classified into 4 groups according to NT-proBNP level (<30.0, 30.0-54.9, 55.0-124.9, and >125.0pg/mL). The Cox
model was applied to assess adjusted hazard ratios (HR) for CKD incidence after full adjustment including baseline eGFR. Participant
mean age was 59.1 years, and 587 (67.7%) were women. During the mean follow-up period of 9.7 years, 177 participants developed
CKD. When the group with NT-proBNP <30.0 pg/mL was used as the reference, adjusted HR for CKD incidence in the 30.0-54.9,
55.0-124.9, and >125.0pg/mL groups were 1.34 (95% CI: 0.90-2.01), 1.25 (95% CI: 0.81-1.92), and 1.83 (95% CI: 1.05-3.18),
respectively.

Conclusions: NT-proBNP can be significantly predictive for CKD incidence in Asian populations.
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( jhronic kidney disease (CKD) is a major global Brain natriuretic peptide (BNP) and N-terminal pro-B-
health burden, and the global incidence and associ- type natriuretic peptide (NT-proBNP) are secreted from
ated mortality have increased over the last several the cardiac ventricles in response to ventricular wall stretch

decades.! In addition, decreased kidney function is an inde- and tension.#> NT-proBNP is increased in heart failure

pendent risk factor for cardiovascular disease.23 Therefore, patients and is associated with an increased risk of future
the prevention of CKD is beneficial to public health. cardiovascular disease and all-cause mortality.4+7 In
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addition, several studies have demonstrated an association
between progression of CKD and NT-proBNP or BNP.3-11
Most of those studies, however, evaluated patients with
CKD or renal insufficiency$1® and used BNP.39 NT-
proBNP is considered a more discerning marker than BNP
to evaluate cardiac dysfunction.!?

NT-proBNP was reported to be related to CKD inci-
dence in the US general population, but that study’s
participants were limited to those aged 265 years.!! Differ-
ences in the association between NT-proBNP and CKD
incidence according to ethnicity have been reported,'315 and
African-American and Asian people have an increased risk
of CKD and of end-stage kidney disease, respectively.!415
Therefore, association between NT-proBNP and CKD
incidence in the US population aged >65 years cannot be
generalized to other populations such as that of Asia.ll
Furthermore, it is completely unknown whether NT-
proBNP is a predictor of CKD incidence in individuals
aged <65 years in a general population. Therefore, we
investigated the association of NT-proBNP with the risk
of CKD in a general Asian population.

Methods

Design

This study was based on the Ohasama study, which is an
ongoing cohort that began in 1986 in Ohasama, Iwate
Prefecture, Japan. We previously reported the details of
the Ohasama study along with the socioeconomic and
demographic characteristics of this region.!¢-1° The Institu-
tional Review Boards of Teikyo University, Tohoku Medical
and Pharmaceutical University, and Tohoku University
approved the study protocol.

Participants

The flow chart of participant selection is shown in Figure 1.
Farmers, self-employed individuals, pensioners, and
dependants aged >35 years are eligible for annual health
check-ups in Japan. The total population of Ohasama in
1997 was 7,318, and 2,719 individuals aged >35 years
were eligible for annual health check-ups. Of these, 1,831
individuals participated in check-ups that year, and 1,622
individuals provided written informed consent to take
part in the Ohasama study. We excluded the participants
who had no medical data for NT-proBNP (n=270) or
proteinuria (n=19). In addition, 134 individuals diagnosed
with CKD at baseline, which was based on either protein-
uria or estimated glomerular filtration rate (eGFR)
<60mL/min/1.73m?, were excluded. Moreover, we excluded
participants who had a history of ischemic heart disease
(n=71) or atrial fibrillation (n=1), given that these condi-
tions considerably affect NT-proBNP level. Finally, 260
individuals who lacked medical data for eGFR from 2002
to 2014 were excluded. As a result, a final total of 867
individuals were analyzed.

Data Collection

Blood samples were collected in chilled ethylenediamine-
tetraacetic acid (EDTA) tubes, and NT-proBNP was
measured using an electrochemiluminescence immunoassay
(Roche Diagnostics, Tokyo, Japan). The inter- and intra-
assay coefficients of variation for NT-proBNP were 3.1%
at 46 pg/mL and 1.9% at 64 pg/mL, respectively. We gath-
ered information on smoking status, alcohol consumption,
antihypertensive medication, and histories of diabetes

|7,318 individuals lived in Ohasama, Japan in 1997

v

| 2,719 was eligible for the check-ups |

| 1,831 participated in the check-upsl

[1,622 provided informed consent|

755 excluded
270 no data on NT-proBNP
19 no data on proteinuria
134 CKD at baseline
71 the history of ischemic heart disease
1 the history of atrial fibrillation
260 no data on eGFR from 2002 to 2014

867 analyzed

Figure 1. Flow chart of participant selection. CKD, chronic
kidney disease; eGFR, estimated glomerular filtration rate;

NT-proBNP, N-terminal pro-B-type natriuretic peptide.

mellitus, hypercholesterolemia, ischemic heart disease
and cerebrovascular disease by reviewing medical records
or a questionnaire survey. We classified smoking status
and alcohol consumption into current or former/never.
Diabetes mellitus was defined as random blood glucose
>11.Immol/L (2200mg/dL), hemoglobin Alc 26.5%
according to the Japan Diabetes Society, treatment with
insulin or oral hypoglycemic agents, or history of diabetes
mellitus. Hypercholesterolemia was defined as total choles-
terol 25.7mmol/L (2220mg/dL), the use of medication to
treat hypercholesterolemia, and/or a history of hypercho-
lesterolemia. Body mass index (BMI) was calculated as
weight (kg) divided by height squared (m?). After partici-
pants were seated and rested for >2 min, blood pressure was
measured twice by trained nurses at local medical centers
using a semi-automatic blood pressure-measuring device.
Serum creatinine (SCr) was measured using the Jaffe
method before 2002 and the enzymatic method thereafter.

We determined renal function from eGFR, which was
estimated from SCr using the modified Japanese equa-
tion: eGFR (mL/min/1.73m?)=194x(SCr in enzymatic
method)™1-0%4x A ge=0-287(x0.739, if female).2’ We subtracted
0.2 from any SCr value that was measured using the Jaffe
method (mg/dL) to convert the value to an equivalent
enzymatically determined value.?! Proteinuria was deter-
mined with a dipstick test for spot-urine; the test was
considered positive at 21+, corresponding to urinary protein
>30mg/dL. CKD was defined as eGFR <60mL/min/1.73 m?
and/or proteinuria. According to a previous study (2012
Kidney Disease: Improving Global Outcomes [KDIGO]
Clinical Practice Guideline for the Evaluation and Manage-
ment of CKD), CKD grade (G) was classified as follows:
G1A2-3, eGFR >90mL/min/1.73m? and moderately to
severely increased proteinuria; G2A2-3, 60<eGFR<90mL/
min/1.73m? and moderately to severely increased protein-
uria; G3aAl, 45<eGFR <60 mL/min/1.73m? and normal to
mildly increased proteinuria; G3aA2-3, 45<eGFR<60mL/
min/1.73 m? and moderately to severely increased protein-
uria; and G3bAl, 30<eGFR<45mL/min/1.73m? and normal
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Table 1. Baseline Participant Characteristics vs. NT-proBNP Category
NT-proBNP (pg/mL) Sex and
<30.0 30.0-54.9 55.0-124.9 2125.0 P-value  age-adjusted

(n=299) (n=257) (n=237) (n=74) P-value
Women 54.8 77.4 7.7 73.0 <0.0001 <0.0001*
Age (years) 55.0+9.7 58.39.7 62.6+9.1 67.1£8.2 <0.0001 <0.0001*
BMI (kg/m?) 24.2+3.0 23.5+2.9 23.4+3.0 22.8+3.1 0.0008 <0.0001
Current or ex-smoker 33.4 15.6 211 16.2 <0.0001 0.68
Current or ex-drinker 49.5 33.9 38.8 23.0 <0.0001 0.12
Hypercholesterolemia 30.4 25.7 20.7 24.3 0.083 0.0002
Diabetes mellitus 8.4 5.8 7.2 4.1 0.49 0.087
History of CVD 1.0 0.40 3.0 8.1 0.0001 0.053
Antihypertensive medication 10.4 17.9 30.4 41.9 <0.0001 0.0001
SBP (mmHg) 127.9+12.7 129+12.2 131.2+14.2 135.3+15.2 <0.0001 0.032
DBP (mmHg) 72.4+8.8 72.7+8.3 73.4%9.1 74%9.2 0.40 0.56
Hematuria 3.3 1.6 3.0 0.0 0.26 0.79
eGFR (mL/min/1.73m?) 87.2+15.6 87.1+17.5 85.9+19.2 78.3+13.3 0.0006 —+
NT-proBNP (pg/mL) 18.4 (11.2-24.4)  40.7 (34.6-47.1) 73.7 (64.1-92.5) 161.4 (143.2-206.0)  <0.0001 <0.0001
CKD at follow-up 16.1 21.4 211 32.4 0.016 0.25

Data given as %, mean+SD or median (IQR). The association of sex with NT-proBNP category was adjusted for age. The association of age
with NT-proBNP category was adjusted for sex. ¥Sex- and age-adjusted P-value was not calculated because sex and age were used in the
calculation of eGFR. BMI, body mass index; CKD, chronic kidney disease; CVD, cerebrovascular disease; DBP, diastolic blood pressure;
eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro-B-type natriuretic peptide; SBP, systolic blood pressure; SCr, serum

creatinine.

to mildly increased proteinuria.?

Follow-up and Qutcomes

The primary outcome was CKD diagnosed during the
annual check-ups from 2002 to 2014. The date of CKD
diagnosis was defined as the midpoint between the most
recent date when the individual did not have CKD and the
date of the first diagnosis of CKD. If a participant had
more than 1 CKD event during follow-up, only the first
event contributed to the analysis. The monitoring period
was from the baseline to the date of CKD diagnosis or
final check-up.

Statistical Analysis

We divided participants into 4 groups: NT-proBNP
<30.0pg/mL, 30.0-54.9pg/mL, 55.0-124.9 pg/mL, and
>125.0 pg/mL.723 Such groupings were done because
NT-proBNP 125 pg/mL has been approved as a marker of
heart failure in the European Society of Cardiology (ESC)
Guidelines for the diagnosis and treatment of acute and
chronic heart failure (2012).2# The cut-off 55.0 pg/mL was
also used in previous studies.”?? Given that approximately
60% of the participants had NT-proBNP <55.0pg/mL
(Supplementary Figure), we used the approximate median
NT-proBNP to stratify these participants into 2 groups
(NT-proBNP <30.0pg/mL and 230.0 pg/mL). The means
and proportions were compared using Student’s t-test,
chi-squared test, analysis of variance (ANOVA), analysis
of covariance (ANCOVA), and multiple logistic regression
analysis. When we calculated CKD incidence rates in the
4 NT-proBNP groups, sex- and age-standardization
(<65/265 years) was done using the direct method. The
Cox proportional hazards model was applied to assess
adjusted hazard ratio (HR) for CKD incidence in the
NT-proBNP groups using the NT-proBNP <30.0 pg/mL
group as a reference. Covariates in the fully adjusted model
were sex, age, BMI, current or ex-smoker, current or

ex-drinker, diabetes mellitus, hypercholesterolemia, history
of cerebrovascular disease, systolic blood pressure (SBP),
use of antihypertensive drugs, and baseline eGFR, given
that these have been identified as risk factors for CKD in
previous studies.?>26 The range of the variance inflation
factor for these covariates was 1.03-2.51, indicating no
multicollinearity. We interpolated missing values of BMI
(n=10) from the regression slope on age. Given that sex and
age were used in the calculation of eGFR, we performed
the sensitivity analyses after excluding eGFR, or sex and
age, from the fully adjusted model. In addition, we added
the median number of follow-up visits to the fully adjusted
model and performed sensitivity analyses. When NT-
proBNP was treated as a continuous variable, natural
log-transformed (In) NT-proBNP was used because of its
positively skewed distribution (Supplementary Figure). In
the stratification analyses, the age cut-off was determined
based on the World Health Organization definition of
elderly. Hypertension was defined as SBP/diastolic blood
pressure >2140/90mmHg according to the Japanese Society
of Hypertension Guidelines for the Management of Hyper-
tension (JSH2019) and 2018 ESC/European Society of
Hypertension (ESH) Guidelines for the management of
arterial hypertension.?’28 Median baseline eGFR was used
as the cut-off. All data were analyzed using SAS version 9.4
(SAS Institute, Cary, NC, USA). P<0.05 was considered
statistically significant.

Results

Characteristics

Mean participant age was 59.1 years and 67.7% were
women. Median NT-proBNP was 41.3 pg/mL (IQR, 23.5-
70.0 pg/mL). The number of participants with NT-proBNP
<30.0pg/mL, 30.0-54.9pg/mL, 55.0-124.9pg/mL, and
>125.0pg/mL was 299, 257, 237, and 74, respectively.
Higher NT-proBNP was associated with female sex,
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Table 2. Baseline Participant Characteristics vs. Follow-up Data Status
Characteristics ( nI:’,tle.,) Fo(ll::;zc?i)up Not :ﬁﬂg‘é"&d up P-value ag?g:djil::ed
-value
Women 66.6 67.7 63.1 0.17 0.27t
Age (years) 60.2+10.9 59.1+10.2 63.7+12.3 <0.0001 <0.0001*
BMI (kg/m2)* 23.7+3.2 23.6+3.0 23.8+3.7 0.51 0.45
Current or ex-smoker 245 23.3 28.5 0.090 0.17
Current or ex-drinker 39.1 39.7 37.3 0.49 0.72
Hypercholesterolemia 25.6 25.8 25.0 0.79 0.56
Diabetes mellitus 7.3 6.9 8.5 0.40 0.68
History of CVD 2.8 2.0 5.4 0.0031 0.18
Antihypertensive medication 23.7 20.8 33.5 <0.0001 0.036
SBP (mmHg) 130.7+13.9 129.7+13.4 134.1£14.9 <0.0001 0.0024
DBP (mmHg) 73.3+9.1 72.9+8.8 74.6+9.8 0.0080 0.043
Hematuria 2.7 2.4 3.5 0.36 0.49
eGFR (mL/min/1.73m2)* 85.5+£17.1 86.0+17.2 83.6+16.5 0.046 -5
NT-proBNP (pg/mL)* 43.0 (24.9-76.3) 41.3 (23.5-70.0) 54.6 (29.2-104.0) <0.0001 0.016

Data given as %, mean+SD or median (IQR). Followed up individuals (n=867) constituted the present participants. TThe association of sex
with NT-proBNP category was adjusted for age. The association of age with NT-proBNP category was adjusted for sex. *Excluded participants
had medical data for BMI (n=246). $§Sex- and age-adjusted P-value was not calculated because sex and age were used in the calculation of

eGFR. Abbreviations as in Table 1.

Table 3. Baseline Participant Characteristics vs. CKD Incidence
Characteristics CKD incidence at follow-up P-value Sex- and age-adjusted
Absent (n=690)  Present (n=177) P-value
Women 67.2 69.5 0.57 0.43t
Age (years) 58.5+10.2 61.5+9.7 0.0005 0.0005t
BMI (kg/m2) 23.6+3.0 23.8+3.0 0.37 0.40
Current or ex-smoker 23.0 24.3 0.73 0.18
Current or ex-drinker 40.3 37.3 0.47 0.68
Hypercholesterolemia 25.8 26.0 0.96 0.71
Diabetes mellitus 6.5 8.5 0.36 0.57
History of CVD 1.9 2.3 0.75 0.98
Antihypertensive medication 19.6 254 0.087 0.45
SBP (mmHg) 129.4+13.3 131+13.6 0.16 0.48
DBP (mmHg) 72.8+8.7 73.59.1 0.34 0.45
Hematuria 2.9 0.60 0.072 0.10
eGFR (mL/min/1.73m?) 88.7+17.4 75.5+11.3 <0.0001 —+
NT-proBNP (pg/mL) 39.6 (22.7-67.2) 48.6 (27.6-77.8) 0.043 0.0013

Data given as %, mean+SD or median (IQR). tThe association of sex with NT-proBNP category was adjusted for
age. The association of age with NT-proBNP category was adjusted for sex. ¥Sex- and age-adjusted P-value was not
calculated because sex and age were used in the calculation of eGFR. Abbreviations as in Table 1.

advanced age, and lower eGFR. After adjustments for sex
and age, higher NT-proBNP was positively associated with
antihypertensive medication use and higher SBP but
inversely associated with BMI (Table 1). After adjustments
for sex and age, the association between higher NT-proBNP
and hypercholesterolemia was significant but not linear.

The 260 subjects who did not participate in follow-up
examinations were older and had lower eGFR and higher
NT-proBNP than the 867 included in the present analysis
(Table 2). After adjustments for sex and age, the excluded
participants had higher blood pressure and higher preva-
lence of antihypertensive medication use than those included
in the analysis (Table 2).

Follow-up Information

The number of follow-up visits was 1, 2, 3, and >4 in 175,
154, 260, and 278 participants, respectively. During a mean
follow-up period of 9.7444.10 years (median, 9.66 years;
IQR, 6.59-11.9 years), 177 participants developed CKD.
Of these, 156 participants had eGFR <60 mL/min/1.73 m?
and 31 had proteinuria. In addition, the number of partici-
pants with CKD stage G1A2-3, G2A2-3, G3aAl, G3aA2-
3, and G3bAl was 3, 18, 144, 10, and 2, respectively. No
participants developed advanced CKD stage G4-5. The
participants with CKD at follow-up were older and had
lower eGFR (Table 3). After adjustments for sex and age,
the participants with CKD at follow-up had significantly
higher NT-proBNP than those without CKD (Table 3).
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Figure 2. Incidence of chronic kidney disease (CKD) vs.
median N-terminal pro-B-type natriuretic peptide (NT-proBNP)
in the <30.0, 30.0-54.9, 55.0-124.9, and 2125.0pg/mL
groups. Incidence rates were standardized for sex and age
(<65 and 265 years) using the direct method.

CKD Incidence and Multivariable-Adjusted Analysis

The age- and sex-standardized incidence rates for CKD
were higher in the NT-proBNP >125.0pg/mL group
(42.9/1,000 person-years) than in those with NT-proBNP
<30.0pg/mL (18.1/1,000 person-years; Figure 2). The risk
of CKD in the NT-proBNP >125.0pg/mL group was
approximately 2-fold higher than in the NT-proBNP
<30.0pg/mL group on sex- and age-adjusted Cox modeling
(P=0.0088, Figure 3). Even after adjustments for covariates,
the participants with NT-proBNP >125.0pg/mL had a
significantly higher risk of CKD than those with NT-
proBNP <30.0pg/mL, although the corresponding HR
decreased (P=0.033, Figure 3). Similar results were observed
when we removed eGFR, or both sex and age from the
fully adjusted model (Figure 3). We further added the
median number of follow-up visits (=3) to the fully adjusted
model, but similar results were observed (HR between the
groups with NT-proBNP >125.0 pg/mL and <30.0 pg/mL
was 1.84; 95% CI: 1.06-3.20).

Table 4 lists the HR and chi-squared values for each
covariate. Baseline eGFR was the strongest predictor
(x>=81.1), while NT-proBNP (X2=5.97) was a significant
predictor of CKD incidence, as compared with smoking
habit (X>=4.53, P=0.033). We performed stratified analyses
according to age (<65/>65 years), sex, eGFR (<median/
>median 83.8 mL/min/1.73m?), use of hypertensive medica-
tion, or hypertension (=140/290mmHg). Although no
significant interactions between these variables and
InNT-proBNP on the risk of CKD were observed (P for
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Figure 3. Adjusted HR (95% CI) for chronic kidney
disease (CKD) incidence estimated using the Cox
proportional hazards model. No. events/participants
in the N-terminal pro-B-type natriuretic peptide
(NT-proBNP) <30.0, 30.0-54.9, 55.0-124.9, and
>125.0pg/mL groups were 48/299, 55/257, 50/237,
and 24/74, respectively. The HR in the fully adjusted
model was adjusted for sex, age, body mass index,
current or ex-smoker, current or ex-drinker, diabetes
mellitus, hypercholesterolemia, history of cerebro-
vascular disease, systolic blood pressure, use of
antihypertensive drugs, and baseline estimated
glomerular filtration rate (eGFR). *Given that sex
and age were used in the calculation of eGFR, we
performed the sensitivity analyses after excluding
eGFR, or sex and age from the fully adjusted model.
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Table 4. HR for CKD Development per 1-SD Increase
Variables HR (95% CI) X2 P-value
Sex (men=1, women=0) 0.80 (0.60-1.06) 2.37 0.12
Age (1-SD [10.2 years] increase) 1.22 (0.97-1.52) 2.95 0.086
BMI (1-SD [3.02kg/m?] increase) 1.03 (0.88-1.21) 0.17 0.68
Current or ex-smoker (=1, non-smoker=0) 1.32 (1.02-1.70) 4.53 0.033
Current or ex-drinker (=1, non-drinker=0) 1.07 (0.89-1.30) 0.55 0.46
Hypercholesterolemia (=1, non-hypercholesterolemia=0) 0.92 (0.79-1.07) 1.10 0.29
Diabetes mellitus (=1, non-diabetes mellitus=0) 1.13 (0.98-1.30) 2.98 0.085
History of CVD (=1, no history of CVD=0) 0.99 (0.86-1.14) 0.017 0.90
Antihypertensive medication (=1, no antihypertensive medication=0) 1.01 (0.87-1.17) 0.0097 0.92
SBP (1-SD [=13.4-mmHg] increase) 1.06 (0.91-1.24) 0.57 0.45
eGFR (1-SD [=17.2-mL/min/1.73m?] decrease) 3.18 (2.47-4.09) 81.1 <0.0001
INNT-proBNP (1-SD [=0.87] increase) 1.26 (1.05-1.51) 5.97 0.015
Abbreviations as in Table 1.
Table 5. HR for CKD Development per 1-SD Increase in INNT-proBNP
Strata Event/total no. (95|;|A,RCI) P-value int eF:';g:i on
All 177/867 1.26 (1.05-1.51) 0.015
Sex 0.82
Men 54/280 1.40 (1.02-1.92) 0.036
Women 123/587 1.19 (0.95-1.49) 0.13
Age 0.89
<65 years 67/266 1.05 (0.78-1.41) 0.75
>65 years 110/601 1.29 (1.02-1.62) 0.031
eGFR 0.60
<83.8mL/min/1.73m?t 141/433 1.21 (0.98-1.48) 0.074
>83.8mL/min/1.73m?2 36/434 1.64 (1.07-2.51) 0.024
Antihypertensive medication 0.88
Present 45/180 1.17 (0.81-1.69) 0.42
Absent 132/687 1.30 (1.05-1.61) 0.016
BP =140/z90 mmHg 0.33
Present 47/194 1.34 (0.94-1.90) 0.11
Absent 130/673 1.23 (0.99-1.53) 0.060

1-SD InNT-proBNP increase was 0.87. TMedian. HR (95% CI) was adjusted for sex, age, BMI, current or ex-smoker,
current or ex-drinker, diabetes mellitus, hypercholesterolemia, history of CVD, SBP, use of antihypertensive drugs,
and baseline eGFR. BP, blood pressure. Other abbreviations as in Table 1.

interaction >0.33), the lowest HR per 1-SD increase in
InNT-proBNP was noted in the participants aged <65 years
(Table 5).

Discussion

This is the first study to assess the association between
NT-proBNP and increased risk of CKD in a general Asian
population. Median NT-proBNP in participants who had
CKD at follow-up was 48.6 pg/mL, which was higher than
the 39.6pg/mL in those without CKD. Even after full
adjustment, the individuals with NT-proBNP >125.0 pg/mL
had a 1.83-fold higher risk of CKD compared with those
with NT-proBNP <30.0 pg/mL. In addition, NT-proBNP
was associated with a higher risk of CKD when NT-
proBNP was treated as a continuous variable. This suggests
that the level of NT-proBNP, compared with other factors
(e.g., smoking habit and diabetes mellitus), can robustly

predict CKD incidence (Table 4).

Elevation of BNP was reported to be an indicator of
increased risk of further kidney function decline in Japanese
patients with CKD.3 NT-proBNP was also reported to be
a more suitable estimate of the risk of CKD progression
than BNP, although it was confirmed in non-diabetic
patients with mild-to-moderate renal insufficiency.!’ The
Cardiovascular Health Study observed an association
between NT-proBNP and CKD incidence. In that study,
Bansal et al reported that participants with NT-proBNP
>237pg/mL (whose mean eGFR at baseline was 62+19mL/
min/1.73m?) had a 1.38-fold increased risk of CKD
compared with those with NT-proBNP <58 pg/mL (whose
mean eGFR at baseline was 79£19mL/min/1.73m?) in
3,752 community-dwelling participants without heart
failure (mean follow-up, 6.4 years; mean age, 72 years);
furthermore, 18% of the participants were African-
American, and median NT-proBNP was 115 pg/mL (IQR,
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59-237pg/mL).1 In the present study, median NT-proBNP
was 41.3pg/mL, and the individuals with NT-proBNP
>125.0pg/mL accounted for only 8.5% of all participants.
Consequently, there is a potential difference in NT-proBNP
between the previous results and the Asian population.

We found that the individuals with NT-proBNP
>125.0pg/mL had a higher risk of CKD than those with
NT-proBNP <30.0 pg/mL. This association remained
significant after adjustment for baseline eGFR. In the
stratification analyses, elevated NT-proBNP was signifi-
cantly associated with CKD incidence even in the eGFR
>83.8mL/min/1.73m?2 group. Therefore, the present study
shows that NT-proBNP may be predictive for future CKD
in the Asian population independent of baseline kidney
function. The NT-proBNP cut-off 2125.0 pg/mL has been
used for the detection of suspected heart failure, and this
cut-off may be useful for screening individuals at a higher
risk of CKD in Asian populations.

In the stratification analyses according to age, sex, base-
line eGFR, use of hypertensive medication, or hypertension
and the risk of CKD, the association between InNT-
proBNP and risk of CKD was weaker in the participants
aged <65 years (Table5). NT-proBNP concentration
increases with advanced age.?? Older adults have higher
NT-proBNP than the younger population. There is there-
fore a possibility that the association between NT-proBNP
and CKD incidence can apply only to individuals aged >65
years who have NT-proBNP in a relatively high range.
Also, Bansal et al reported a significant association between
NT-proBNP and CKD incidence based on a general popu-
lation aged >65 years.!! No significant interaction, however,
between InNT-proBNP and age on the risk of CKD was
observed, which could have been due to the limited number
of participants in the present study. As such, further studies
based on a larger sample size may be necessary to verify
this issue.

Several mechanisms are proposed to explain the relation-
ship between elevated NT-proBNP and CKD incidence.
NT-proBNP is enhanced by ventricular wall stretch, volume
overload, and venous congestion.303! Volume overload or
venous congestion triggers increased central venous pressure
and decreased cardiac output, renal artery pressure, and
endothelial dysfunction, resulting in renal dysfunction.
Increased central venous pressure decreases GFR.32
Decreased cardiac output and renal artery pressure activate
the sympathetic nervous system and the renin-angiotensin
system. Furthermore, decreased renal artery pressure leads
to increased central venous pressure by renin release.33-37
Endothelial dysfunction combined with the production of
reactive oxygen species brings about impaired renal func-
tion.3¥3 Moreover, elevated NT-proBNP suggests a reduced
clearance rate caused by subclinical renal dysfunction,
because renal excretion is the main route of NT-proBNP
clearance.*

Study Limitations

There were several limitations to the present study. First,
this study was based on the participants of an annual
health check-up. The participants included in the present
analysis seemed to be younger and healthier than those
who did not participate in the follow-up examination. The
present population is more health conscious, and therefore
there is a possibility of selection bias. These imbalances, or
selection biases, might limit the external validity of the
present findings. Second, the diagnosis of CKD in the present

study was dependent on the value of creatinine or positive
proteinuria on only 1 occasion. The current guideline defines
CKD as the presence of kidney damage or GFR <60mL/
min/1.73m? for >3 months.22 Therefore, the participants
who met these criteria of CKD can include those who were
temporarily affected by general conditions such as dehydra-
tion. In addition, the date of CKD diagnosis was defined
as the midpoint between the most recent date when the
individual did not have CKD and the date of the first
diagnosis of CKD. It is difficult, however, to determine the
onset of CKD because the symptoms are not noticeable
until the disease has progressed to an advanced stage. We
used the same criteria to diagnose CKD as in previous
epidemiological studies.!”-182541 Third, any treatment that
was started during follow-up could have weakened the
association between NT-proBNP and CKD incidence.
Fourth, given that most participants who developed CKD
were classified as CKD stage G3aAl, it was difficult to
examine how NT-proBNP level affected the progression of
CKD stage in the present study. Fifth, the information on
ischemic heart disease such as myocardial infarction and
angina pectoris was collected by reviewing medical records
or a questionnaire survey in the present study. Given that
we did not use uniform diagnostic criteria, there is a
possibility of bias in diagnosing heart disease. Furthermore,
the participants could also have subclinical heart disease.

Conclusions

The present study is the first to demonstrate the association
between NT-proBNP and elevated risk of CKD in an
Asian population. The participants with NT-proBNP
>125.0pg/mL had a higher risk of CKD than those with
NT-proBNP <30.0 pg/mL. This association suggests that
NT-proBNP >125.0 pg/mL is a useful threshold for CKD
incidence. NT-proBNP level is not only a screening marker
of heart failure but also can be a significant predictor of
CKD incidence in Asian populations. Kidney function
should be followed carefully in individuals with NT-
proBNP >125.0 pg/mL for early detection of CKD devel-
opment.
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