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Aim: N-terminal pro-B-type natriuretic peptide (NT-proBNP), frequently used as a biochemical marker for 
detecting and monitoring heart failure, is also a risk marker for development of coronary heart disease and total 
stroke. However, studies that explore subtypes of ischemic stroke with regard to NT-proBNP are scarce. Here, we 
examined NT-proBNP and its impact upon subtypes of ischemic stroke (lacunar stroke, large-artery occlusive 
stroke and embolic stroke) among Japanese.

Methods: We measured NT-proBNP and categorized 4,393 participants of the Circulatory Risk in Communi-
ties Study into four groups (＜55, 55-124, 125-399, and ≥ 400 pg/ml). We used a multivariable Cox propor-
tional hazards model to examine association with risks of stroke and subtypes.

Results: During 4.7 years of follow-up, we identified 50 strokes, including 35 ischemic (15 lacunar, 6 large-
artery occlusive, 10 embolic strokes) and 14 hemorrhagic strokes. NT-proBNP was associated with stroke risk: 
the multivariable hazard ratio of total strokes was 7.29 (2.82-18.9) for the highest and 2.78 (1.25-6.16) for the 
second highest NT-proBNP groups compared with the lowest group. The respective hazard ratios for the highest 
NT-proBNP group were 9.37 (3.14–28.0) for ischemic stroke and 6.81 (1.11–41.7) for lacunar stroke. Further 
adjustment for atrial fibrillation did not attenuate these associations. The associations were similarly observed for 
large-artery occlusive and embolic strokes.

Conclusion: We found that even moderate serum levels of NT-proBNP were associated with the risk of total 
and ischemic strokes among Japanese whose NT-proBNP levels were relatively low compared with Westerners.

stretching tension. It is activated by cleavage of the 
N-terminal, resulting in the formation of brain natri-
uretic peptide (BNP), an active part, and N-terminal 
pro-B-type natriuretic peptide (NT-proBNP), an inac-

Introduction

Pro-brain natriuretic peptide (proBNP) is a car-
diac natriuretic hormone secreted by myocytes upon 
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cardial infarction in heart disease. Blood samples were 
collected into siliconized vacuum tubes and left to 
stand for 10 to 30 min at room temperature (to clot) 
before being centrifuged at 1,300 to 1,500×g for 
approximately 15 min. NT-proBNP was measured on 
a Cobas 8000 analyzer (Roche Diagnostics Corpora-
tion, Indianapolis, United States) via electro-chemilu-
minescence immunoassay. Total cholesterol, high-den-
sity lipoprotein (HDL) cholesterol, blood glucose and 
creatinine were measured using standardized protocols 
at the laboratory of the Osaka Center for Cancer and 
Cardiovascular Disease Prevention (for Ikawa) and the 
Ibaraki Health Service Association (for Kyowa). Serum 
HDL and total cholesterols were measured using enzy-
matic methods. Serum non-HDL cholesterol was 
defined as serum values of total cholesterol minus 
HDL cholesterol. Blood glucose was measured using 
the hexokinase method and serum creatinine was 
assayed enzymatically. Diabetes mellitus was defined 
as having a fasting blood glucose ≥ 126 mg/dl (less 
than 8 hours postprandial) or non-fasting blood glu-
cose ≥ 200 mg/dl (8 hours or more postprandial) and/
or medication for diabetes. Sitting blood pressure was 
measured after a 5-minute rest and the measurement 
was repeated if the systolic blood pressure level was 
130 mmHg or more and/or the diastolic level was 85 
mmHg or more. The values of this second reading, if 
applicable, were used in place of the first. We calcu-
lated the estimated glomerular filtration rate (eGFR) 
as follows: (ml/min per 1.73 m2)=194×(serum creat-
inine)－1.094×(age)－0.287 (×0.739 for women)19). Elec-
trocardiography was conducted in a supine position. 
Two physicians independently coded each electrocar-
diograph based on the Minnesota Codes. If the codes 
agreed, they were accepted, while disputed codes were 
discussed by the two physicians and, if necessary, a 
third experienced physician arbitrated. The electrocar-
diography implementation rate was 81.1%.

Determination of Incident Stroke
We identified incident stroke events occurring 

between baseline (2010–2012 in Ikawa or 2010–2013 
in Kyowa) and December 31, 2016 in Ikawa and 
December 31, 2014 in Kyowa. Information on inci-
dent strokes was based on the CIRCS community 
stroke registration system that systematically covered 
all incident strokes in these communities18). Non-
symptomatic stroke was not included as a stroke case. 
For the survey, trained physicians reviewed medical 

tive fragment. As these non-reactive fragments are 
known to persist in the bloodstream longer than BNP, 
they serve as a useful proxy marker for it1). Clinically, 
NT-proBNP is frequently used as a biochemical 
means to detect and gage heart failure severity as well 
as a risk marker to predict cardiovascular diseases, 
including stroke2-13). Increased NT-proBNP is associ-
ated with a poor prognosis after stroke14-16); however, 
these studies were mostly conducted in the Western 
populations where the proportion of stroke subtypes is 
largely different from the Asian populations. The pro-
portions of each subtype for total stroke among the 
Japanese populations are 40% for lacunar stroke, 20% 
for large-artery occlusive stroke, and 20%–30% for 
intraparenchymal hemorrhage, whereas the respective 
proportions among Western populations are 20%, 
50%, and 10%–20%17). As evidence of any link 
between NT-proBNP and stroke subtypes in the Japa-
nese are scarce, we therefore examined the association 
between NT-proBNP and incident stroke with respect 
to its subtypes (lacunar stroke, large-artery occlusive 
stroke, embolic stroke, and hemorrhagic stroke) in the 
Japanese people.

Methods

Study Population
The Circulatory Risk in Communities Study 

(CIRCS) is an ongoing, dynamic, community-based 
prospective study based on five communities in Japan. 
Details of the CIRCS protocol have been described 
elsewhere18). There were 4,404 participants, aged 
20–95 years, who participated in annual health check-
ups from 2010 to 2012 at the CIRCS Ikawa site and 
from 2010 to 2013 at the CIRCS Kyowa site. Exclu-
sion criteria were those with a history of stroke at 
baseline (n=11). A total of 4,393 participants were 
enrolled according to these criteria. Participants were 
monitored from baseline to whichever of the follow-
ing dates came first: date of incident stroke/death or 
December 31, 2014 in Kyowa or December 31, 2016 
in Ikawa.

Risk Factor Measurements
Lifestyle-related factors, such as smoking, alcohol 

consumption, medication for hypertension, medica-
tion for diabetes, medication for hyperlipidemia, and 
history of stroke and heart disease were recorded from 
face-to-face interviews. We included angina and myo-
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were no missing values for continuous variables. Our 
Cox analyses were stratified by area (Ikawa or Kyowa), 
adjusted for sex and age (Model 1), and further 
adjusted for body mass index (quartiles), diastolic 
blood pressure (continuous), antihypertensive medica-
tion use, non-HDL cholesterol (quartiles), and eGFR 
(continuous) (Model 2). Model 3 HRs were further 
adjusted for atrial fibrillation. All probability values 
for the statistical tests were two-tailed, and probability 
values below 0.05 were considered significant. Since 
there were no interactions between sex and NT-
proBNP in relation to stroke, we combined the results 
for both men and women.

Ethical Considerations
The ethics committees of the Osaka Center for 

Cancer and Cardiovascular Disease Prevention, Osaka 
University and the University of Tsukuba approved 
this study. Informed consent was obtained verbally 
and an opt-out option was provided to all partici-
pants.

Results

Table 1 shows age and sex-adjusted baseline 
characteristics according to the clinical cutoff points 
of NT-proBNP levels. NT-proBNP levels were posi-
tively correlated with age, antihypertension medica-

records from local clinics and hospitals while photo-
copied neuroimaging was available for 88.0% of 
stroke cases. Diagnosis of incident strokes were based 
on the modified criteria of the National Survey of 
Stroke20) and subtypes were classified by computed 
tomography and/or magnetic resonance imaging based 
on the modified criteria of the Nurse’s Health 
Study21). Cases were classified as ischemic stroke (lacu-
nar stroke, large-artery occlusive stroke and embolic 
stroke) or hemorrhagic stroke (intraparenchymal hem-
orrhage and subarachnoid hemorrhage). We defined 
lacunar strokes, large-artery occlusive strokes, embolic 
strokes and unclassified ischemic strokes as “ischemic 
stroke.”

Statistical Analysis
We categorized NT-proBNP into four groups 

using clinical cutoff points suggested by prior 
reports9, 11, 22, 23). Baseline characteristics with respect 
to NT-proBNP categories were tested using analysis of 
covariance, and trends of risk factors across NT-
proBNP levels were tested by regression analysis. Cox 
proportional hazards model was used to calculate haz-
ard ratios (HRs) and 95% confidence intervals (CIs) 
by SAS 9.4 (SAS Institute, Cary, NC, USA). For miss-
ing values for potential confounding variables (＜3.4% 
of each variable), we set dummy variables and 
included them as another group in the models. There 

Table 1.  Age- and sex-adjusted baseline characteristics according to the clinical category of N-terminal pro-B type natriuretic pep-
tide levels among 4,393 Japanese men and women, CIRCS 2010–2016

Number of subjects

N-terminal pro-B type natriuretic peptide (pg/ml)

P for trend
＜55

(N=2,617)
55–124

(N=1,218)
125–399
(N=457)

≥ 400
(N=101)

Age¶, years
Male sex§, %
Current smoker, %
Current drinker, %
Body mass index, kg/m2

Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Hypertension medication use, %
Total cholesterol, mg/dl
Non-high density lipoprotein cholesterol, mg/dl
High-density lipoprotein cholesterol, mg/dl
Cholesterol lowering medication use, %
Estimated glomerular filtration rate, ml/min/1.73 m2

Diabetes mellitus, %
Atrial fibrillation, %
History of heart disease, %

56.9
46.8
14.1
36.5
23.8

124.5
75.1
25.1
211
149

62
15.5
79.1

5.1
0.07

15.9

64.6
30.4
17.4
39.5
23.3

126.8
75.1
28.6
203
140

63
12.8
78.6

5.0
0.2

18.0

70.4
32.7
18.8
38.5
23.0

128.6
74.1
36.9
195
132

62
14.2
76.5

5.1
1.5

23.6

71.4
48.8
18.4
32.1
23.5

123.6
72.4
43.8
188
127

61
12.3
70.2

4.9
51.9
24.2

＜0.001
0.29
0.11
0.46
0.06
0.16
0.008

＜0.001
＜0.001
＜0.001

0.83
0.11

＜0.001
0.80

＜0.001
0.03

¶sex-adjusted
§age-adjusted
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careful monitoring for potential heart failure with 
moderate NT-proBNP elevation and also the manage-
ment of major cardiovascular risk factors such as 
hypertension, diabetes, and smoking24) at clinical 
practice. However, cost-effectiveness should be care-
fully examined.

To the best of our knowledge, two American 
cohort studies have examined links between NT-
proBNP and risk of ischemic stroke subtypes8, 13). The 
Atherosclerosis Risk in Communities (ARIC) Study of 
10,902 African–American and white men and women, 
aged 45-64, in 4 communities showed that NT-
proBNP was associated with increased risk of total, 
ischemic, non-lacunar, and cardioembolic strokes dur-
ing an 11.3 year follow-up period13). Another study, 
the Reasons for Geographic and Racial Differences in 
Stroke case-cohort study of 1,502 African–American 
and White men and women showed that NT-proBNP 
was associated with increased risk of total, ischemic, 
large vessel, and cardioembolic strokes during a 5.4 
year follow-up period8). Both studies found trends 
toward the positive association of NT-proBNP with 
lacunar stroke although they were not statistically sig-
nificant. Our study is therefore the first to find that 
NT-proBNP is significantly associated with increased 
risk of lacunar stroke, which is indicative of its more 
common prevalence in the Asian populations com-
pared with the Western populations17). In our study of 
the Japanese populations, the distributions of NT-
proBNP levels were much lower than those in the 
above-mentioned American studies as the quintile dis-
tribution of NT-proBNP for persons aged 45–64 years 
was ≤ 18, 19–28, 29–43, 44–68, and ≥ 69 pg/ml in 
the CIRCS versus ≤ 27.2, 27.3–51.9, 52.0–87.3, 
87.4–155.1, and ≥ 155.2 pg/ml in the ARIC Study13). 
In line with the Hisayama Study11), we also found a 
significantly excessive risk of ischemic stroke for the ≥ 
400 pg/ml category of NT-proBNP levels compared 
with the ＜55 pg/ml category. Although the number 
of cases was small, we also performed analyses for 
stroke subtypes and found an increased risk of lacunar 
and large-artery occlusive strokes was associated with 
NT-proBNP levels of ≥ 400 pg/ml.

NT-proBNP levels are a strong predictor of atrial 
fibrillation, which contributes to embolic stroke25, 26). 
The exact mechanism by which NT-proBNP is associ-
ated with the risk of lacunar and large-artery occlusive 
strokes is unknown but may be due to different mech-
anisms in underlying vascular pathology. NT-proBNP 
has been correlated with retinal microvascular damage 
related to arteriosclerosis27), which was associated with 
lacunar stroke risk28) while also correlating with the 
presence of carotid plaques29) that increase the risk for 
large-artery occlusive strokes30).

tion use, atrial fibrillation and history of heart disease, 
but inversely correlated with total and non-HDL cho-
lesterol, eGFR and diastolic blood pressure.

During a mean of 4.7 years of follow-up, 50 inci-
dent strokes were confirmed of which 35 were isch-
emic strokes (15 lacunar, 6 large-artery occlusive and 
10 embolic strokes) and 14 were hemorrhagic strokes 
(7 intraparenchymal and 7 subarachnoid hemor-
rhages).

As shown in Table 2, the highest levels of NT-
proBNP (≥ 400 pg/ml) were strongly associated with 
an increased risk of total stroke (Fig.1) and its sub-
types. The Model 2 HRs (adjusted for cardiovascular 
risk factors) were 7.29 (95% CI: 2.82-18.9) for total 
stroke and 9.37 (3.14-28.0) for ischemic stroke. 
Although the case numbers were small, similarly 
enhanced HRs were observed for both lacunar and 
large-artery occlusive strokes. Further adjustment for 
atrial fibrillation (Model 3) did not attenuate these 
associations. The HRs associated with a 1-SD incre-
ment of log-transformed NT-proBNP levels (Model 2) 
were 1.89 (1.46-2.46) for total stroke, 1.90 (1.40-
2.57) for ischemic stroke, 1.57 (0.94-2.61) for lacunar 
stroke, 1.87 (0.89-3.90) for large-artery occlusive 
stroke, and 2.25 (1.30-3.90) for embolic stroke. Hem-
orrhagic stroke was not found to be associated with 
NT-proBNP.

These results did not alter materially when 
excluding persons with atrial fibrillation (Table 3), 
history of heart disease (Supplemental Table 1), 
chronic kidney disease (eGFR ＜60 ml/min per 1.73 
m2) (Supplemental Table 2) or hypertension (systolic 
blood pressure ≥ 160 mmHg or diastolic blood pres-
sure ≥ 100 mmHg or antihypertensive medication 
use) (Supplemental Table 3).

Kaplan–Meier curves for total stroke stratified by 
category of NT-proBNP levels were shown in Figure. 
Statistically significant differences in cumulative inci-
dence were observed in persons with NT-proBNP of 
125–399 and ≥ 400 compared with those of ＜50 pg/
ml. 

Discussion

We confirmed that NT-proBNP was associated 
with increased risk of ischemic strokes, lacunar strokes, 
and large-artery occlusive strokes in our Japanese 
study population. This positive association was also 
observed for embolic stroke. Notably, we found two- 
to three-fold higher risks for total and ischemic strokes 
at the second highest category of NT-proBNP levels 
(125–399 pg/ml) compared with the lowest category 
(＜55 pg/ml). This finding suggests the need for the 
measurement of NT-proBNP in health checkups and 
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Table 2.  Adjusted HRs (95% CI) for incident stroke according to the clinical category of N-terminal pro-B type natriuretic pep-
tide (NT-proBNP) levels

Number of subjects

NT-proBNP (pg/ml)

p for trend

1-SD increment of 
log-transformed 

NT-proBNP
＜55
2,617

55–124
1,218

125–399
457

≥ 400
101

Person years 11,730 5,474 2,149 468   

Total stroke, n 19 9 14 8   

Age- and sex-adjusted and area-stratified 
HR (95%CI) (Model 1)

1.00 0.83 (0.36–1.89) 2.70 (1.24–5.87) 5.62 (2.26–14.0) ＜0.001 1.75 (1.38–2.24)

Multivariable-adjusted HR (95%CI)† 
(Model 2)

1.00 0.84 (0.36–1.92) 2.78 (1.25–6.16) 7.29 (2.82–18.9) ＜0.001 1.89 (1.46–2.46)

Multivariable-adjusted HR (95%CI)‡ 
(Model 3)

1.00 0.85 (0.37–1.94) 2.77 (1.25–6.13) 8.45 (2.85–25.0) ＜0.001 1.94 (1.44–2.61)

Ischemic stroke, n 13 6 9 7   

Age- and sex-adjusted and area-stratified 
HR (95%CI) (Model 1)

1.00 0.79 (0.29–2.15) 2.28 (0.88–5.91) 6.01 (2.15–16.8) ＜0.001 1.72 (1.30–2.29)

Multivariable-adjusted HR (95%CI)† 
(Model 2)

1.00 0.87 (0.32–2.38) 2.58 (0.97–6.88) 9.37 (3.14–28.0) ＜0.001 1.90 (1.40–2.57)

Multivariable-adjusted HR (95%CI)‡ 
(Model 3)

1.00 0.88 (0.32–2.43) 2.53 (0.95–6.70) 9.45 (2.67–33.4) ＜0.001 1.83 (1.30–2.58)

Lacunar stroke, n 7 3 3 2   

Age and sex-adjusted and area-stratified 
HR (95%CI) (Model 1)

1.00 0.76 (0.18–3.10) 1.50 (0.34–6.65) 3.23 (0.59–17.8) 0.13 1.35 (0.85–2.13)

Multivariable-adjusted HR (95%CI)† 
(Model 2)

1.00 0.88 (0.21–3.67) 1.64 (0.34–7.83) 6.81 (1.11–41.7) 0.02 1.57 (0.94–2.61) 

Multivariable-adjusted HR (95%CI)‡ 
(Model 3)

1.00 0.90 (0.22–3.77) 1.67 (0.35–7.91) 13.5 (2.17–84.2) 0.003 1.52 (0.93–2.49)

Large-artery occlusive stroke, n 3 1 0 2   

Age- and sex-adjusted and area-stratified 
HR (95%CI) (Model 1)

1.00 0.52 (0.05–5.38) - 6.95 (0.87–55.8) 0.02 1.61 (0.79–3.29)

Multivariable-adjusted HR (95%CI)† 
(Model 2)

1.00 0.72 (0.07–7.65) - 15.5 (1.54–155) 0.005 1.87 (0.89–3.90)

Multivariable-adjusted HR (95%CI)‡ 
(Model 3)

1.00 0.71 (0.07–7.53) - 26.9 (2.92–248) ＜0.001 2.07 (0.95–4.54)

Embolic stroke, n 2 2 4 2   

Age and sex-adjusted and area-stratified 
HR (95%CI) (Model 1)

1.00 1.63 (0.22–12.3) 5.62 (0.84–37.6) 9.13 (1.06–78.3) 0.05 2.28 (1.39–3.73)

Multivariable-adjusted HR (95%CI)† 
(Model 2)

1.00 1.54 (0.20–12.1) 5.14 (0.75–35.4) 7.83 (0.78–78.6) 0.10 2.25 (1.30–3.90)

Multivariable-adjusted HR (95%CI)‡ 
(Model 3)

1.00 1.59 (0.20–12.3) 4.53 (0.65–31.7) 2.51 (0.12–50.9) 0.71 2.03 (1.05–3.94)

Hemorrhagic stroke, n 6 3 4 1   

Age and sex-adjusted and area-stratified 
HR (95%CI) (Model 1)

1.00 0.87 (0.21–3.69) 2.78 (0.67–11.6) 3.15 (0.33–29.7) 0.18 1.64 (0.97–2.78)

Multivariable-adjusted HR (95%CI)† 
(Model 2)

1.00 0.75 (0.17–3.26) 2.45 (0.57–10.5) 2.36 (0.23–24.0) 0.32 1.59 (0.91–2.78)

Multivariable-adjusted HR (95%CI)‡ 
(Model 3)

1.00 0.74 (0.17–3.21) 2.44 (0.57–10.5) 4.67 (0.46–47.6) 0.10 1.85 (1.00–3.42)

†Adjusted further for body mass index, diastolic blood pressure, antihypertensive medication use, non-high-density lipoprotein cholesterol, and 
estimated glomerular filtration rate.
‡Adjusted further for atrial fibrillation.
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surement9). Second, the numbers of lacunar, large-
artery occlusive, and embolic stroke cases were small 
so that further studies are necessary to confirm our 
findings. Third, because we had only a single measure-
ment of NT-proBNP, this could lead to an underesti-

Several limitations should be noted. First, the 
follow-up period was 4.7 years on average, ranging 
from 0.01 to 7.0 years. However, the Ohasama Study 
showed that predictive ability decreased at follow-up 
periods of more than 5 years after NT-proBNP mea-
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Fig.1. Kaplan-Meier curves for total stroke

Kaplan–Meier curves for total stroke stratified by category of NT-proBNP levels was shown in Figure. Log rank p value between 
55 pg/ml and 55–124 pg/ml was 0.10. Log rank p value between 55 pg/ml and 125–400 pg/ml was ＜0.001. Log rank p value 
between 55 pg/ml and ≥ 400 pg/ml was ＜0.001.

Table 3.  Adjusted HRs (95% CI) for incident stroke according to the clinical category of N-terminal pro-B type natriuretic 
peptide (NT-proBNP) levels after the exclusion of persons with atrial fibrillation at baseline

Number of subjects

NT-proBNP (pg/ml)

P for 
trend

1-SD increment of 
log-transformed 

NT-proBNP
＜55
2,617

55–124
1,217

125–399
452

≥ 400
59

Person years 11,730 5,467 2,125 257     

Total stroke, n
Multivariable-adjusted HR (95%CI)

19
1.00

9
0.83 (0.36–1.90)

14
2.78 (1.25–6.18)

5
9.23 (3.07–27.8)

  
＜0.001

  
1.95 (1.44–2.65)

Ischemic stroke, n
Multivariable-adjusted HR (95%CI)

13
1.00

6
0.86 (0.31–2.36)

9
2.60 (0.97–6.97)

4
11.0 (3.02–40.4)

  
＜0.001

   
1.86 (1.30–2.66)

Lacunar stroke, n
Multivariable-adjusted HR (95%CI)

7
1.00

3
0.88 (0.21–3.66)

3
1.64 (0.34–7.78)

2
14.4 (2.34–88.3)

  
0.002

  
1.74 (1.02–2.98)

Large-artery occlusive stroke, n
Multivariable-adjusted HR (95%CI)

3
1.00

1
0.70 (0.07–7.42)

0
-

2
28.8 (3.21–258)

  
＜0.001

  
2.16 (0.99–4.72)

Embolic stroke, n
Multivariable-adjusted HR (95%CI)

2
1.00

2
1.17 (0.15–9.21)

4
3.96 (0.56–27.8)

0
–

  
0.93

  
1.80 (0.85–3.84)

Hemorrhagic stroke, n
Multivariable-adjusted HR (95%CI)

6
1.00

3
0.75 (0.17–3.23)

4
2.43 (0.57–10.4)

1
4.40 (0.44–44.2)

  
0.11

  
1.84 (1.00–3.38)

Adjusted for age, sex, body mass index, diastolic blood pressure, antihypertensive medication use, non-high-density lipoprotein cholesterol 
and estimated glomerular filtration rate and area-stratified.
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mation of our risk estimates due to regression dilution 
bias. However, Spearman’s correlation between the 
baseline and 1- to 5-year post-measurement values of 
NT-proBNP was 0.77 in the subsample of 1,446 per-
sons in the present study. Thus, the impact of regres-
sion dilution, if any, may not be large. Fourth, we did 
not collect information use of antiplatelet and antico-
agulant drugs at and after baseline, which should have 
impacted the development of both ischemic and hem-
orrhagic strokes. However, most potential users of 
antiplatelet and anticoagulant drugs should have had 
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patients did not alter the results, implying that the 
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Conclusion

We found that even moderate serum levels of 
NT-proBNP were associated with increased risk of 
total and ischemic strokes among the Japanese whose 
NT-proBNP levels were relatively low compared with 
the Westerners.
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Supplemental Table 1.  Adjusted HRs (95% CI) for incident stroke according to the clinical category of N-terminal pro-B type 
natriuretic peptide (NT-proBNP) levels after the exclusion of patients with history of heart disease at base-
line

Number of subjects

NT-proBNP (pg/ml)

P for trend

1-SD increment 
of log transformed 

NT-proBNP
＜55
2,252

55-124
979

125-399
326

≥ 400
70

Person years 10,475 4,650 1,651 353

Total stroke, n
Multivariable-adjusted HR (95%CI)

17
1.00

6
0.69 (0.26-1.83)

9
2.09 (0.82-5.30)

8
9.39 (3.50-25.2) ＜0.001

 
1.98 (1.47-2.65)

Ischemic stroke, n
Multivariable-adjusted HR (95%CI)

12
1.00

3
0.55 (0.15-2.02)

7
2.39 (0.81-7.03)

7
12.9 (4.22-39.4)

 
＜0.001

 
2.08 (1.49-2.89)

Lacunar stroke, n
Multivariable-adjusted HR (95%CI)

6
1.00

2
0.80 (0.15-4.31)

3
2.07 (0.40-10.7)

2
13.7 (2.18-86.4)

 
0.002

 
1.88 (1.06-3.34)

Large-artery occlusive stroke, n
Multivariable-adjusted HR (95%CI)

3
1.00

0
-

0
-

2
21.0 (1.78-248)

 
0.003

 
1.94 (0.89-4.25)

Embolic stroke, n
Multivariable-adjusted HR (95%CI)

2
1.00

1
1.06 (0.09-13.3)

3
5.47 (0.67-44.4)

2
12.5 (1.20-131)

 
0.03

 
2.61 (1.44-4.75)

Hemorrhagic stroke, n
Multivariable-adjusted HR (95%CI)

5
1.00

3
0.94 (0.20-4.38)

2
1.51 (0.23-9.75)

1
2.70 (0.23-31.4)

 
0.38

 
1.54 (0.81-2.93)

Adjusted for age, sex, body mass index, diastolic blood pressure, antihypertensive medication use, non high-density lipoprotein cholesterol, and 
estimated glomerular filtration rate and area-stratified.

Supplemental Table 2.  Adjusted HRs (95% CI) for incident stroke according to the clinical category of N-terminal pro-B type 
natriuretic peptide (NT-proBNP) levels after the exclusion of persons with chronic kidney disease (eGFR 
＜60 ml/min per 1.73 m2) at baseline.

Number of subjects

NT-proBNP (pg/ml)

P for trend

1-SD increment 
of log transformed 

NT-proBNP
＜55
2,441

55-124
1,089

125-399
364

≥ 400
59

Person years 11,025 4,942 1,710 284   

Total stroke, n
Multivariable-adjusted HR (95%CI)

17
1.00

7
0.77 (0.31-1.93)

13
3.35 (1.46-7.66)

6
8.64 (3.01-24.8)

 
＜0.001

 
2.10 (1.57-2.79)

Ischemic stroke, n
Multivariable-adjusted HR (95%CI)

11
1.00

4
0.74 (0.23-2.41)

9
3.56 (1.30-9.72)

6
14.5 (4.53-46.7)

 
＜0.001

 
2.23 (1.60-3.10)

Lacunar stroke, n
Multivariable-adjusted HR (95%CI)

6
1.00

2
0.71 (0.13-3.75)

3
2.05 (0.41-10.3)

2
12.5 (1.98-79.5)

 
0.003

 
1.82 (1.05-3.17)

Large-artery occlusive stroke, n
Multivariable-adjusted HR (95%CI)

2
1.00

1
1.30 (0.11-15.8)

0
-

2
59.6 (4.72-754)

 
＜0.001

 
2.97 (1.35-6.54)

Embolic stroke, n
Multivariable-adjusted HR (95%CI)

2
1.00

1
0.84 (0.07-9.91)

4
5.96 (0.88-40.4)

1
2.20 (0.11-42.4)

 
0.57

 
2.00 (1.05-3.81)

Hemorrhagic stroke, n
Multivariable-adjusted HR (95%CI)

6
1.00

3
0.72 (0.16-3.22)

3
1.99 (0.41-9.74)

0
-

 
0.78

 
1.42 (0.75-2.70)

Adjusted for age, sex, body mass index, diastolic blood pressure, antihypertensive medication use, non high-density lipoprotein cholesterol, and 
estimated glomerular filtration rate and area-stratified.
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Supplemental Table 3.  Adjusted HRs (95% CI) for incident stroke according to the clinical category of N-terminal pro-B type 
natriuretic peptide (NT-proBNP) levels after the exclusion of persons with hypertension (systolic blood 
pressure ≥ 160 mmHg or diastolic blood pressure ≥ 100 mmHg or antihypertensive medication use) at 
baseline

Number of subjects

NT-proBNP (pg/ml)

P for trend

1-SD increment 
of log transformed 

NT-proBNP
＜55
2,011

55-124
792

125-399
227

≥ 400
41

Person years 8,943 3,483 1,032 192   

Total stroke, n
Multivariable-adjusted HR (95%CI)

9
1.00

4
1.05 (0.30-3.62)

5
3.59 (1.01-12.7)

4
19.1 (4.83-75.8)

 
＜0.001

 
2.49 (1.66-3.73)

Ischemic stroke, n
Multivariable-adjusted HR (95%CI)

6
1.00

3
1.45 (0.33-6.47)

3
3.81 (0.74-19.6)

4
29.7 (6.59-134) ＜0.001 2.54 (1.63-3.98)

Lacunar stroke, n
Multivariable-adjusted HR (95%CI)

3
1.00

2
2.56 (0.28-23.8)

1
5.80 (0.29-114)

1
46.5 (2.54-854)

 
0.008

 
2.35 (1.07-5.19)

Large-artery occlusive stroke, n
Multivariable-adjusted HR (95%CI)

1
1.00

1
6.63 (0.25-176)

0
-

1
102 (2.30-4513)

 
0.01

 
3.76 (1.36-10.4)

Embolic stroke, n
Multivariable-adjusted HR (95%CI)

1
1.00

0
-

1
4.57 (0.10-205)

1
36.8 (0.41-3268)

 
0.07

 
5.64 (1.11-28.6)

Hemorrhagic stroke, n
Multivariable-adjusted HR (95%CI)

3
1.00

1
0.45 (0.04-4.97)

2
2.51 (0.27-23.7)

0
-

 
0.99

 
1.81 (0.70-4.68)

Adjusted for age, sex, body mass index, diastolic blood pressure, non high-density lipoprotein cholesterol, and estimated glomerular filtration rate 
and area-stratified.
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