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Table 1

Comparison of baseline characteristics between men and women.

Characteristic Men (N=4527) Women (N= 8939) P-value
Age (years) 64.1£10.3 62.0£10.0- <0,001
Hypertension (%) 44.4 38.8 <0.001
Hyperlipidemia (%) 10.3 20.3 <0.001
Diabetes (%) 8.0 4.3 <0.001
Body mass index (kg/m?) 23.9+29 242134 <0.001
Smoking (%) 334 2.5 : <0.001
Regular alcohol consumption (%) 47.4 42 <0.001
Regular exercise (%) 17.0 10.5 <0.001
Atrial fibrillation (%) 3.0 0.6 <0.001
Hemoglobin (g/dL) 146413 13.0£ 11 <0.001
Creatinine (mg/dL) 0.82£0.19 0.63+0.12 <0,001
BNP (median) (pg/mL) . 14.8 17.1 <0.001

Continuous variables are expressed as mean = SD.

Comparison of BNP data are performed using a Mann-Whitney U test,

hemoglobin and serum creatinine were significantly higher in men.
The percentage of hyperlipidemia and mean BMI were significantly
higher in women. The median value for plasma BNP was higher in
womern.

Table 2 shows baseline characteristics among the BNP quar-
tiles. In men, mean age and BMI and mean levels of hemoglobin,
and serum creatinine were different among the BNP quartiles
(P<0.001). Although the percentages of hypertension, hyper-
lipidemia, current smoking, and regular exercise were different
(P<0.001), the percentages of diabetes and regular alcohol con-
sumption did not differ among the BNP quartiles. In women,
although mean age and mean levels of hemoglobin, and serum crea-
tinine were different among the BNP quartiles (P<0.001), the mean
BMI did not differ among the BNP quartiles. Although the percent-
ages of hypertension, hyperlipidemia, diabetes, current smoking,
and regular alcohol consumption were different (P<0.05), the per-
centage undertaking regular exercise did not differ among the BNP
quartiles. Subjects with atrial fibrillation were concentrated in the
highest BNP quartile in both men and women.

During a mean follow-up period of 2.8 years, 102 participants
(65 males, 37 females) had a first ischemic stroke event. Ranges
of BNP levels in men and women are shown in Table 2. The crude
incidences of ischemic stroke (per 1000 person-years) among BNP
quartiles in men and women are shown in Tables 3 and 4. The crude
incidence of ischemic stroke in men was 2.76 per 1000 person-years
in Q1 (the lowest quartile) and 12.51 per 1000 person-years in Q4
(the highest quartile). The crude incidence of ischemic stroke in
women was 0.44 per 1000 person-years in Q1 and 2.95 per 1000
person-years in Q4. The crude incidence of ischemic stroke elevated
in the highest quartile in both men and women.

The Kaplan-Meier curves for ischemic stroke event free rates
according to BNP quartiles in men and women are shown in Fig.
1. The ischemic stroke event free rates differed significantly among
the BNP quartiles in both men and women (men: P<0.001; women:
P<0.001 by log-rank test).

Several studies have demonstrated that blood hemoglobin levels
[21], renal function [22] and BMI [23] influence plasma BNP levels.
For that reason, after adjustment for classical cardiovascular risk

Table 2

Comparisons of baseline characteristics among BNP quartiles.

BNP quartiles Q1 Q2 Q3 Q4 P-value
Men

Number of subjects 1131 1134 1129 1133

Range of BNP levels (pg/mL) <6.5 6.5-14.8 14.9-29.9 30.0<

Age (years) 57.4+101 61.9+9.8 66.7+8.3 703+£78 <0.001
Hypertension (%) 333 40.0 47.5 56.8 <0.001
Hyperlipidemia (%) 16.5 9.8 7.9 7.1 <0.001
Diabetes (%) 7.6 8.2 8.4 7.6 0.846
Body mass index (kg/m?) 24.1 429 24.1£2.9 23.8+29 23.643.0 <0.001
Smoking (%) 40.4 349 31.6 26.6 <0.001
Regular alcohol consumption (%) 48.2 45,7 473 48.3 0.576
Regular exercise (%) 11.6 17.1 20.0 19.3 <0.001
Atrial fibrillation (%) 0.53 0.00 0.71 10.59 <0.001
Hemoglobin (g/dL) 150+ 11 148 +11 145+12 142:+14 <0.001
Creatinine (mg/dL) 0.804:0.14 0.81+0.16 0.83+0.24 0.84+0.19 <0.001
Women

Number of subjects 2235 ‘ 2228 2242 2234

Range of BNP levels (pg/mL) <8.9 8.9-17.0 17.1-304 : 30.5<

Age (years) 576+£95 60.0-:9.8 62.8+94 674487 <0.001
Hypertension (%) ’ 28.6 334 40.7 52,4 <0,001
Hyperlipidemia (%) 243 204 20.2 16.3 <0.001
Diabetes (%) . 5.0 ' 3.1 4.1 49 0.006
Body mass index {(kg/m?) 243134 242433 24.0+33 24.14£3.5 0.206
Smoking (%) 39 24 2.2 1.5 <0,001
Regular alcohol consumption (%) 5.0 4.6 3.8 34 0.027
Regular exercise (%) 10.2 10.2 109 10.9 0.756
Atrial fibrillation (%) ' 0.09 0.05 0.04 2.24 <0.001
Hemoglobin (g/dL) 13.2+11 ' 131411 13.0+ 11 128 +11 <0.001:
Creatinine (mg/dL) 0.61+£0.10 0.63£0.11 0.63+:0.10 0.66+0.15 <0.001

Continuous variables are expressed as mean =+ SD.
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Table 3

The crude incidence and multivariate hazard ratio of ischemic stroke among BNP quartiles in men.

BNP quartiles Q1 Q2 Q3 Q4 P for trend
Observed person-years 3619 3198 3116 - i 3036

Ischemic stroke .

Crude incidence (/1000 person-years) 2.76 . 2.19 3.21 12.51

Multivariate HR (95%CI)

Model 1 1.0 (ref.) 0.71(0.27-1.89) 0.85 (0.34-2.12) 2.83(1.29-6.20) <0.001
Model 2 1.0 (ref)) 0.71(0.27-1.88) 0.81(0.33-2.03) 2.38 (1.07-5.29) <0.005

For all models, the hazard ratios were adjusted for age, presence or absence of hypertension, hyperlipidemia, diabetes, smoking, regular alcohol consumption, and regular

exercise. BMI, blood hemoglobin levels, and serum creatinine levels.

Model 1: The analysis was not adjusted for presence or absence of atrial fibrillation.

Model 2: The analysis was adjusted for presence or absence of atrial fibrillation.
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Fig. 1. Kaplan-Meier curves for ischemic stroke event free rate according to BNP
quartiles by sex.

factors, blood hemoglobin levels, serum creatinine levels, and BMI,
amultivariate Cox regression analysis was performed to analyze the
relationship between plasma BNP levels and the risk of stroke. In
men, the hazard ratio (HR) obtained from a Cox proportional model
for ischemic stroke in the highest BNP quartile was significantly ele-
vated in Model 1 (HR=2.83; 95% Cl=1.29-6.20; Table 3). After also
adjusting for the presence or absence of atrial fibrillation (Model
2), HR in the highest BNP quartile was still significantly elevated
(HR=2.38; 95% CI=1.07-5.29; Table 3). The risk of incidence of
ischemic stroke increased in association with BNP levels (P<0.01).
In women, HR for ischemic stroke in the highest BNP quartile was
significantly elevated in Model 1 (HR=3.61; 95% Cl=1.01-12.93;
Table 4). After adjusting for the presence or absence of atrial fibril-
lation (Model 2), the relationship between plasma BNP levels and
the risk of ischemic stroke was of marginal significance (HR=3.03;
95% C1=0.84-10.92, P=0.09; Table 4).

An additional multivariate Cox regression analysis was per-
formed using 1 SD increments in natural logarithm-transformed
BNP values. Elevated plasma BNP levels were associated with an
elevated risk of ischemic stroke in both men and women (HR = 1.70;
95% Cl=1.17-2.45 in men: HR = 1.69; 95% Cl = 1.04-2.75 in women).

4. Discussion

There have been very few reports on the association between
plasma BNP levels and the risk of stroke, [15,16] and the relation-
ship with risk of stroke subtypes therefore remains unclear. The
present study suggests that high plasma BNP levels predict the
risk of ischemic stroke within the general Japanese population.
Ischemic stroke is classified into atherothrombotic infarction, car-
diogenic embolic infarction, and lacunar infarction. Several types
of structural heart diseases including atrial fibrillation, which are
associated with elevated plasma BNP levels, may be an important
cause of ischemic stroke, especially cardioembolic stroke. In view
of this, elevated plasma BNP levels may be a biomarker for high risk
of ischemic stroke.

Cardiac disorders linked with ischemic stroke, especially
cardioembolic stroke, are nonvalvular atrial fibrillation, acute

Table 4

The crude incidence and multivariate hazard ratio of ischemic stroke among BNP quartiles in women.

BNP quartiles . Q1 Q2 Q3 Q4 P for trend
Observed person-years 6794 6283 6188 6099

Ischemic stroke

Crude incidence (/1000 person-years) 0.44 0.80 1.78 295

Multivariate HR (95%CI)

Model 1 1.0 (ref.) 1.72 (0.41-7.25) 3.07 (0.84-11.16) 3.61(1.01-12.93) 0.168
Model 2 1.0 (ref.) 1.79 (0.43-7.55) 3.15(0.87-11.44) 3.03 (0.84-10.92) 0.269

For all models, the hazard ratios were adjusted for age, presence or absence of hypertension, hyperlipidemia, diabetes, smoking, regular alcohol consumption, and regular

exercise. BMI, blood hemoglobin levels, and serum creatinine levels.
Model 1: The analysis was not adjusted for presence or absence of atrial fibrillation.
Model 2:The analysis was adjusted for presence or absence of atrial fibrillation.
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myocardial infarction, ventricular aneurysm, and valvular heart
disease. According to the Cerebral Embolism Task Force [14], non-
valvular atrial fibrillation is the most common cardiac disorder
associated with embolic stroke, accounting for 45% of embolic
strokes. Several previous studies have suggested that plasma BNP
levels were significantly higher in patients with atrial fibrillation
than in those without atrial fibrillation [11,13]. The Framingham
Heart Study [15] has indicated that higher plasma BNP levels pre-
dict risk of atrial fibrillation. It is therefore possible that atrial
fibrillation-related high plasma BNP levels are associated with
increased risk of ischemic stroke. We therefore analyzed the rela-
tionship between plasma BNP levels and risk of ischemic stroke
after adjusting for the presence or absence of atrial fibrillation.
Even after this adjustment, HR was still significant in men. This
suggests that there may be factors other than atrial fibrillation
underlying the apparent relationship between plasma BNP levels
and risk of ischemic stroke. As the present study did not perform
echocardiography as a baseline examination, some subjects may
have had asymptomatic structural heart disease (i.e. left ventricular
dysfunction, valvular heart disease, or left ventricular hypertrophy)
characterized by elevated plasma BNP [12] which would account for
the significant relationship between plasma BNP levels and risk of
ischemic stroke. This study was therefore unable to show a corre-
lation between plasma BNP levels and risk of stroke independent
of the presence of heart disease. However, it is difficult to perform
echocardiography routinely for participants in a community-based
multiphasic health checkup. A simple blood test for BNP is an.ideal
approach for selecting males at high risk for ischemic stroke within
the general population. In addition, a previous study examining the
relationship between traditional and nontraditional risk factors and
the incidence of ischemic stroke subtypes has reported that left
ventricular hypertrophy increases the risk not only of cardioem-
bolic stroke but also of atherothrombotic stroke [24]. It follows that
high plasma BNP levels may be associated with both cardicembolic
and atherothrombotic stroke.

The present study has shown a median plasma BNP level of
14.8 pg/mL and the threshold plasma BNP levels associated with
elevated risk of ischemic stroke of 30.0 pg/mL in men. The Framing-
ham Heart Study [15] found a median plasma BNP level of 6.2 pg/mL
and the threshold plasma BNP levels associated with elevated risk of
stroke or transient ischemic attack of 20.0 pg/mL in a community-
based male sample. Both studies have shown that excess risk is
apparent at plasma BNP levels well below the thresholds currently
used to diagnose heart failure [25].

A possible reason for the marginal significance of the relation-
ship between plasma BNP levels and risk of ischemic stroke in
women after adjusting for the presence or absence of atrial fibril-
lation may be the low incidence of stroke in the female cohort. The
crude incidences of stroke in women were clearly lower than those
in men, and thus, the statistical power to show any relationship
between risk and incidence of stroke might be limited in women. As
the statistical results concerning the relationship between plasma
BNP levels and risk of stroke in women were not so robust, more
events should be gathered to investigate the predictive power of
plasma BNP with regard to stroke in women.

Although our study was a large, prospective community-based
longitudinal study, several limitations must be considered when
interpreting the results. Since ECG testing was performed only
at the time of baseline survey, paroxysmal atrial fibrillation had
not been detected and new incidence of atrial fibrillation was not
captured after the baseline survey. Hence the impact of atrial fib-
rillation on the association between plasma BNP levels and risk of
ischemic stroke may not have been accurately estimated. In addi-
tion, since the attending physicians participating in the registration
survey were not all neurological specialists, the diagnosis of stroke
subtypes was occasionally carried out by general physicians. How-

ever, since most of the patients registered were diagnosed using
computed tomography or magnetic resonance imaging, the differ-
ential diagnosis between ischemic stroke and hemorrhagic stroke
was made correctly.

In conclusion, this community-based study has shown that ele-
vated plasma BNP levels predict the risk of ischemic stroke within
Japanese men from the general population. This suggests thata sim-
ple blood test for BNP is an ideal approach for selecting men at high
risk for ischemic stroke within the general population.
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CKD (+) HU (=) 0.87(0.57 ~1.33) 0.53 CKDE* 1.34(1.08 ~1.66) < 0.01
CKD (=) HU(+) 0.96(0.58 ~1.61) 0.89 WERT £, MR, SME RESERE BRE EE BREoYE
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m%r%%rwﬂﬁl%at{:é@ 111 75 % 6 {1 e S A2 25
BELUTHET L. ZOfER, JECKDBE T RgE
DOIEM (Img/dL) (&0 MR B FAE DI L7z TR+
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g OFERE(LSECEE (SMR) ZRHI LTz,
Mazarh (ReRESE - i » < BT Hf), O
iR X LA EOMRERL S TITMERIRD

NEERE T 40 UL FOBInE DO EREIC X

HIEFBRE 458 BB
BAEMTASERERE IR ERERD I, &5,
Mezarh, DR K TODAL Tl B arRR g R
RCHE—ERBOBENHEE T E B ZROIHTH
REHOMBREE Ulz, £io, DAEZDRIE
FICDW TR O ERIEFRZIT> TOWERWVWES
I JEE 9 B MR E 2 RN TR U,
MHERERIC DV TIE N 18 R E TICEN

&2 MRERMERCH T EAREY

SERIRER -

-39 40-49 50-59 60-69 70-79 80-
2}
E)=8:=171 300 813 1,520 3,281 2,862 385 9,161
BMI(kg/m?) 23.7(3.7) 24.1(3.1) 24.3(3.0) 24.1(2.9) 23.6(3.0) 23.0(2.9) 23.9(3.0)
BMI=25(%) 330 34.9 39.1 36.3 309 213 34.2
BMI=30(%) 5.7 4.2 4.2 2.8 2.2 08 30
SBP(mmHg) 118.3(148)  122.1(164)  127.5(190) 131.9(19.7) 133.8(19.5 1369(20.7)  130.7(19.6)
TC(mg/dL) 186.4(37.5)  197.1(36.2)  1958(322) 191.3(320) 1880(31.2) 184.2(30.4) 191.1(32.5)
TG(mg/dL) 137.8(94.3)  154.4(106.6) 1357(93.5) 124.6(83.3) 113.1(68.8) 104.3(54.1) 125.1(83.6)
HDLC (mg/dL) 54.8(13.7) 56.4(15.6) 56.8(15.5) 56.1(15.4) 556(152)  54.3(134) 56.0(15.2)
LDLC(mg/dL) 1126(335)  1173(325)  1163(29.4)  113.4(29.4) 111.9(27.6) 109.7(27.5)  113.6(29.3)
HbA1c(%) 4.8(04) 5.0(0.8) 5.1(0.7) 5.2(0.7) 5.2(0.7) 5.2(0.6) 5.1(0.7)
FRTEBLEEH (%) 58.3 55.0 414 276 219 16.6 311
ARG E (%) 58.7 704 69.3 62.7 52.1 395 60.1
fig 2 R BT (%) - 1.0 2.6 53 74 73 50
A REEEIATE 45 (%) = - 0.1 0.8 1.4 1.3 08
T HERLEE I (%) - - 02 0.4 1.1 6.0 038
B E (%) 03 59 13.1 27.7 343 358 248
i T TS (%) 03 1.2 2.8 2.6 36 2.3 2.7
FEFRIR S (%) - 1.1 33 4.7 6.0 49 4.4
1z
I EEH 800 1,980 4017 6,095 4,004 412 17.308
BMI(kg/m?) 22.3(3.9) 23.4(3.6) 24.0(3.4) 24.3(3.4) 24.3(3.5) 24.0(35) 24.0(3.5)
BMI=25(%) 203 28.0 35.1 39.9 40.4 348 365
BMIZ30(%) 5.3 5.3 55 55 6.0 35 55
SBP(mmHg) 106.3(13.7)  115.1(16.8)  121.9(19.3) 127.9(19.4) 132.3(19.6) 1353(20.7)  125.2(20.1)
TC(mg/dL) 1745(30.0)  1923(31.6)  2096(32.7) 209.4(30.8) 206.3(30.3) 201.2(33.1)  205.0(32.4)
TG(mg/dL) 86.2(64.3) 98.2(77.4) 112.1(683) 117.5(64.6) 117.6(62.7) 1132(54.5) 112.5(66.9)
HDLC(mg/dL) 63.2(14.2) 63.6(14.5) 63.0(144)  60.4(142)  596(143)  586(134)  61.2(14.4)
LDLC(mg/dL) 99.5(26.4) 113.1(282)  126.1{29.7)  1270(27.8)  1248(270) 1215(28.1) 123.3(28.9)
HbA1c(%) 4.7(04) 4.9(05) 5.1{0.6) 5.2(0.7) 5.2(0.6) 5.2(0.7) 5.1(0.6)
BIE LR (%) 16.6 7.0 34 1.1 0.7 0.0 2.9
BIERRIEE (%) 25.3 226 14.0 9.2 58 4.9 117
H s A (%) 0.1 05 15 2.3 43 58 2.4
IDREERTEE (%) - - 00 02 06 1.7 03
ENHETEREE (%) - - - 0.2 33 14.6 1.2
B ETR RS (%) 0.4 45 155 27.1 412 468 243
E BRI IS (%) 03 08 5.5 8.3 9.5 6.6 6.6
FEIRIBTERE (%) - 08 1.3 2.3 4.1 5.6 2.3

T R T HERE) B L % TR LI,
BMI:body mass index; SBP:systolic blood pressure; TC:total cholesterol; TG:triglyceride; HDLC: high-density lipoprotein cholesterol;
LDLC: low-density lipoprotein cholesterol; HbAIcthemoglobin Alc
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SR (EB) 0(0) 4(164) 15(357)  41(491) 77(1079) 9(927) 146(609) 427 405
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fatilc 0(0) 2(82) 6(143) 11(132) 14{196) 1(103) 34(142) 126 124
CEHMEF i 0(0) 0(0) 2(48) 3(36) 2(28) 0(0) 7(29) 24 25

24

BN 799 1,970 3,954 5,953 3828 388 16.892
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