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1. Introduction

ABSTRACT

Objective; Structural heart diseases including atrial fibrillation are precursors for ischemic stroke. Plasma
B-type natriuretic peptide (BNP) has been reported to be increased in patients with several types of struc-
tural heart diseases. However, the predictive value of plasma BNP for ischemic stroke remains unknown.
We have studied the predictive ability of plasma BNP for future development of stroke in community
dwelling adults.
Methods: Subjects of this community-based study were recruited from the general population (n=13,466).
Plasma BNP levels and cardiovascular risk factors were determined at baseline. The incidence of ischemic
stroke in the cohort was identified from regional stroke registry data. A multivariate Cox regression
analysis was performed to analyze the relationship between plasma BNP levels and the risk of stroke.
Results: During a mean follow-up period of 2.8 years, 102 participants (65 males, 37 females) experi-
enced a first ischemic stroke. In men, after adjustment for classical cardiovascular risk factors and atrial
fibrillation, the hazard ratio (HR) for ischemic stroke was significantly elevated in the highest plasma
BNP quartile (HR=2.38; 95% Cl=1.07-5.29). In women, the relationship between plasma BNP levels and
risk of ischemic stroke was of marginal significance after adjusting for the presence or absence of atrial
fibrillation (HR=3.03; 95% CI=0.84-10.92, P=0.09).
Conclusion: Elevated plasma BNP levels predict the risk of ischemic stroke within men from the general
population.

© 2009 Elsevier Ireland Ltd. All rights reserved.

lar heart disease, hypertensive heart disease, and atrial fibrillation
[3,7-13].

B-type natriuretic peptide (BNP) is a cardiac hormone secreted
from the myocardium in response to changes in intracardiac vol-
ume and pressure [1,2]. Plasma BNP levels are known to be elevated
in patients with symptomatic left ventricular systolic dysfunction
[3,4] and correlate to New York Heart Association (NYHA) class as
well as prognosis [5,6]. In addition, irrespective of the degree of
left ventricular dysfunction, plasma BNP levels have been shown
to be elevated in patients with various structural heart diseases
including previous myocardial infarction, cardiomyopathy, valvu-

* Corresponding author at: Division of Cardiology, Department of Internal
Medicine, Iwate Medical University School of Medicine, 19-1 Uchimaru, Morioka
0208505, Japan. Tel.: +81 19 651 5111x2324; fax: +81 19 651 0401,

E-mail address: ttomo@ruby.ocn.ne,jp (T. Takahashi).

0021-9150/$ — see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
doi: 10.1016/j.atherosclerosis.2009.04.029

These structural heart diseases are precursors not only for heart
failure, but also for ischemic stroke, and especially cardioembolic
stroke [14]. However, there have been very few reports on the
assaciation between plasma BNP levels and the risk of stroke. The
Framingham Heart Study [15] has described a 4.9-fold increase in
the crude incidence of stroke or transient ischemic attack in the
highest tertile of BNP levels compared to the lowest tertile. Kistorp
etal.[16] reported that plasma levels of N-amino terminal fragment
of the prohormone BNP (NT-proBNP) predicted the risk of stroke or
transient ischemic attack, with a 3.6-fold increase in risk of stroke
for participants with values above the 80th percentile vs those with
values equal to or below the 80th percentile in the general popula-
tion. However, the association between plasma BNP levels and risk
of stroke subtypes remains unclear. The predictive value of plasma
BNP measurement for ischemic stroke remains unknown.
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We have studied the predictive ability of plasma BNP for future
development of ischemic stroke in community dwelling adults.

2. Methods
2.1. Study population

The Iwate-Kenpoku Cohort (Iwate-KENCO) study was designed
to prospectively investigate the risk of cardiovascular diseases
including stroke and malignant tumor in the general Japanese adult
population as described previously [17,18]. Subjects consisted of
residents of the Ninohe, Kuji and Miyako districts in the north-
ern Iwate prefecture, Japan. Between April 2002 and January 2005,
26,469 of these residents (men=9161, women=17,308) who were
participating voluntarily in a multiphasic health checkup agreed to
join the study {original cohort). The baseline survey included rou-
tine anthropometrical measurement, blood pressure measurement,
ECG, routine laboratory assessment, a self-administered lifestyle
questionnaire, and a food-frequency questionnaire. This study pro-
tocol was approved by our institutional ethics committee. All
participants gave written informed consent.

Of the original cohort living in the Ninohe and Kuji districts
(n=15,927), 15,394 subjects (men=5288, women =10,106) under-
went BNP measurement (BNP cohort). Subjects were excluded from
this cohort on the basis of the following characteristics: age under
40 years (n=575), history of cardiovascular or cerebrovascular
events (n=507), non-measurement of adjustment factors (n = 846).
The final statistical analysis was therefore performed in 13,466 sub-
jects (men=4527, women = 8939, mean age = 62.7 years).

2.2. Outcome

In this cohort study, the primary endpoint was all-cause death,
in addition to any nonfatal cardiovascular events such as myocar-
dial infarction, cerebral infarction, or other strokes. Information
about death and emigration was obtained from local government
records. Stroke events were identified by accessing the Iwate pre-
fecture stroke registration programme, which has been conducted
since 1991 by the Iwate Medical Association with the support of
the government of the Iwate prefecture [19]. Registration forms
were submitted to the registration office of the Iwate Medical
Association by mail when a patient with stroke was discharged
from a medical facility. Diagnostic criteria for stroke used by the
registry correspond with those published by the World Health
Organization, based on a definition of sudden onset of neurological
symptoms [20]. For diagnosis of stroke subtypes, computed tomog-
raphy and/or magnetic resonance imaging were performed within
each hospital. In order to improve accuracy of registration, trained
research nurses checked medical charts in all hospitals located
within these districts. Follow-up was conducted until August 2007.

2.3. Measurement

At the time of baseline survey, participants underwent anthro-
pometrical measurement, ECG, blood pressure measurement, and
routine laboratory assessment. In addition, a self-administered
questionnaire was used to ascertain family history, symptoms,
and lifestyle factors such as smoking habits, alcohol consump-
tion, and exercise habits. A medical history including the status
of drugs prescribed for hypertension, hyperlipidemia, diabetes,
angina, myocardial infarction, congestive heart failure, and stroke
was recorded by trained research staff. Using a 3-channel device,
a standard 12-lead ECG was recorded in a supine position. Atrial
fibrillation was defined by this 12-lead ECG at the time of base-
line survey, Systolic and diastolic blood pressures were determined
with an automatic device placed on the right arm of seated sub-

jects who had rested in a sitting position for at least 5 min before
measurement. Measurement was performed twice, with the mean
value used for statistical analysis. Hypertension was defined as sys-
tolic blood pressure =140 mmHg and/or diastolic blood pressure
>90 mmHg, and/or current anti-hypertensive therapy. Hyperlipi-
demia was defined as total cholesterol level >240mg/dL, and/or
current lipid lowering therapy. Diabetes was defined as non-
fasting glucose concentration =200mg/dL, and/or glycosylated
hemoglobin (HbA1c)value »6.5%, and/or current anti-diabetic ther-
apy. Body mass index (BMI) was calculated as weight (kg) divided by
the square of height (m?). Smoking was defined as current smoker.
Regular alcohol consumption was defined as drinking alcohol 5 days
or more per week. Regular exercise was defined as exercising (at
least 60 min) 8 days or more per month.

Venous blood samples for plasma BNP measurement were
drawn from the antecubital vein of seated participants with min-
imal tourniquet use. Samples were collected into vacuum tubes
containing ethylenediaminetetraacetic acid sodium. Tubes were
stored in an icebox immediately after sampling and were trans-
ported to our laboratory within 8 h of collection. These were then
centrifuged at 1500 x gfor 10 min, After separation, plasmasamples
were stored frozen at —-20 “Cuntil the time of assay. Plasma BNP lev-
els were measured by direct radicimmunoassay using monoclonal
antibodies specific for human BNP (ShionoRIA BNP, Shionogi, Japan)
within 4 months of separation. The intraassay and interassay coeffi-
cients of variation were 5% and 6%, respectively. The lower detection
limit of the assay was 0.05 pg/mL. Enzymatic methods were used to
measure serum total cholesterol levels, serum creatinine, and blood
glucose. HbA1c was measured quantitatively with an HPLC method.

2.4. Statistical analysis

Participants were divided into quartiles according to their base-
line plasma BNP levels. Continuous variables were expressed as
mean + SD. Group comparisons were based on the unpaired t-test
and multiple group comparisons across BNP quartiles were based
on the one-way analysis of variance. Because BNP values were
not normally distributed, these were expressed as median and
the Mann-Whitney U-test was used for comparison. Categorical
parameters were expressed as proportions (percentage) and group
comparisons were based on the chi-square test.

The ischemic stroke event free rates according BNP quartiles
were estimated using the Kaplan-Meier method, followed by Log-
rank test. A multivariate Cox regression analysis was performed
to analyze the relationship between plasma BNP levels and risk
of stroke, For all models, the hazard ratios were adjusted for age,
BMI, blood hemoglobin levels, serum creatinine levels, presence or
absence of hypertension, hyperlipidemia, diabetes, smoking, reg-
ular alcohol consumption, and regular exercise. The analysis was
not adjusted for presence or absence of atrial fibrillation in Model
1 and was adjusted in Model 2. Additional multivariate Cox regres-
sion analysis using covariates in Model 1 was performed using 1 SD
increments in natural logarithm-transformed BNP values. For the
analysis of stroke incidence, person-years were censored at the date
of stroke diagnosis, the date of emigration from the study area, the
date of death, or the end of the follow-up period, whichever came
first. All statistical analysis was performed using SPSS software,
version 11.0. A significant difference was defined as P<0.05.

3. Results

Baseline characteristics of participants by sex are shown in
Table 1. The mean age of men was higher than that of women. The
percentages of hypertension, diabetes, atrial fibrillation, smoking,
regular alcohol consumption, regular exercise, and mean values for
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Table 1
Comparison of baseline characteristics between men and women.
Chardctéristic: : Men' (N 4527) ',Women (N 8939) P-value
: j’s4H:103 S BIORI00 <0001
Hypertension (%) i38.80 <0.001
Hyperlipidémia (%) 203 <0.001
Diabetes (%) . S4B 2 S<0.001
Body massindex (kglmz) 5242634 Lin e <0,001
Smoking (%) . ¥ 1257 § : L <0.001
Regtilar alcohol consumptlon (%) 474 42 : Lonke00t
Regularexercise (%) g 17.0° 1057 a <0001
Attial fibrillation (%) S 3.0 0.6 0,001
Hemoglobin (g/dL) 146+ 13 13.0411 <0.001
Creatinine (mg/dL) ©.0.82+£0.19 0.63+£0.12 <0.001
BNP (imedian) {pg/mL) 14.8 17.1 . <0.001

Continuous variables are expressed as mean -t 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
women,

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 ofischemic 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 : Tat ey Q3 i : 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 7 30.0<

Age (years) 57:4+10.1 61,94+9.8 66.7£8.3 70.3:+78 <0.001
Hypertension (%) ; 3 333" 40,0 475 56.8 <0.001
Hyperlipideinia (%) SR : : 165 9.8 7.9" 7.1 <0.001
Diabietes (%) : 76 . . 8o 84 76 0.846
Body mass index (kg[mz) ah o 24142900 241429 238429 23,6%3.0 <0.001
Smoking (%) 404 349 316 266 <0.001
Regularalcohol consumptiori (%) . C482 : 45.7 47.3 483 0.576
Regular exercise (%) [ 1167 g 171 +:20.0 193 <0.001
Atrial fibrillation (%} 5 053 : 0.00: 0.71 110,59 <0.001
Hemoglobin (g/dL):+ 1B50£1T . - 1484110 145412 142414 <0.001
Creatinine (mg/dL) 0804014 0.81£016 0.83:40.24 0.844019 <0.001
Woren ’ ‘ ,

Nimber of subjects - 2235 2208 2242 2234

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

Age {years): 57.6+9.5 -60.0+9.8 62.8+94 67.4+8:7 <0.001
Hypertensiorn (%) 28.6% ¢ 334 407 5247 <0,001
Hyperhpldemla(%) 24.3 ; 204" 202 : 1637 <0.001
Diabetes (%) , 5.0 3.1 QA 49 0,006
Body mass index (k’g/mz) : 243434 24233 24,0433 “241435 0,206
Smioking (%) : 3.9 24 22 1.5 <0.001
Regularialcohol consumption (%) SELE50 Lo . 45 3.8 34 0.027
Regular exercise {%) " : 10.2 10.2 10.9 : 10.9 0.756
Atrial fibrillation (%) i LU 0.09 0.05 0.045:+ 2.24 <0.001
Hemoglobini(g/dL). . 1324811 D ERER N 13.04 11 12,8411 <0.001
Creatinine (mg/dL) | 0561:40.10 0634011 L0300 0.66+0.15 <0001

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. i Qr Q4 0. Pfortrend
Obiserved persény—y}ea_rsA :: Vi 3619 3036

Ischemic stroke s o amnel e e

Crudeé incidence (/1000 person-years) © - - 276 219 1251

Multivariate HR (95%CT) |/ ' i i ; .

Modél 1 : 10 (ref) 0.71 (0.27-1.89) 0.85(0.34-212)" 2.83 (1.29-6.20) <0.001
Model 2 1.0 (ref); 0.71(097-1.88) 0.817(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.
Maodel 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% (I =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% C1=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 Mode!l 1 (HR=3.61; 95% CI=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% Cl=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 QT Q2 Q3 Do Q4 P for trend
Observed person-years ; 16794 6283 6188 : 16099

Ischemic stroke: -0 L Seh : §

Criide'incidence (/1000 person-years) U044 0380 1:78 2.95

Multivariate HR (95%C1). L o i o

Madel:1 . 1.07(ref) 1:72 (041-7225) 3.07(0.84-11.16) 361 (1.01-12.93) 0.168
Model2: 1.0'(ref.): 1.79(0:43-755) 315 (0:87-11:44) 3.03(0,84-10.92), ©50.269

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 cardicem-
bolic stroke but also of atherothrombotic stroke [24]. It follows that
high plasma BNP levels may be associated with both cardioembolic
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 thatasim-
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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ARTICLE INFO ABSTRACT

Background: High C-reactive protein (CRP) levels have been reported to be associated with an increased
risk of atherosclerotic cardiovascular events. The relationship of CRP levels to the risk of cerebrovascular
events in the Japanese population, which has a lower prevalence of coronary artery disease and a lower CRP
level than Western populations, has not been fully clarified. The present study examined the predictive
value of serum high sensitivity CRP (hs-CRP) levels for future cerebrovascular events and mortality in the
~~~~~~~~~ - general Japanese population.
g;)i,c‘;:: t:-:uci’:).logy Methods: The subjects for this community-based, prospective cohort study were recruited from the general
Inflarnmation population (n=7901, male only, mean age = 64.0 years). Serum hs-CRP levels and cardiovascular risk factors
Stroke were determined at baseline. The mean follow-up period was 2.7 years. After excluding subjects with a

cardiovascular history, the relationships between hs-CRP levels and cerebrovascular events and mortality
were assessed.
Results: During follow-up, 130 participants had a first stroke (95 ischemic strokes), and 161 participants
died. The hs-CRP tertile level was a significant predictor for a first ischemic stroke (3rd tertile, HR=1.77:
95% Cl, 1.04-3.03, compared with the 1st tertile), after adjustment for age and classical cardiovascular
risk factors. Similar trends were observed for the prediction of all-cause mortality (3rd tertile, HR=2.26:
95% (1, 1.49-3.42, compared with the 1st tertite).
Conclusion: CRP levels can be used to predict future ischemic stroke and mortality in Japanese men from
the general population, independently from traditional cardiovascular rislk factors.

© 2008 Elsevier Ireland Ltd. All rights reserved.
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We previously reported that, in apparently healthy males living
inJapan, hs-CRP levels were closely associated with atherosclerotic
changes as measured by carotid plaque formation [4]. Thus, the

1. Introduction

The degree of systemic inflammation that is represented by ele-

vated high sensitivity C-reactive protein (hs-CRP) levels has been
associated with an increased risk of cardiovascular events in studies
conducted in the United States and Europe [1-3]. In the prospective
Physicians’ Health Study (PHS), elevated hs-CRP levels were asso-
ciated with an approximately twofold increase in the risk of stroke

[1].

# Corresponding author. Tel.: +81 19 651 5111x2324; fax: +81 19 651 7072.
E-mail address: makitas@seagreen.ocn.nejp (S. Makita).

0021-9150/$ - see front matter © 2008 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.atherosclerosis.2008.07.040

extent of inflammation may reflect the propensity of atheroscle-
rotic lesions to precipitate clinical vascular events. However, the
serum hs-CRP levels of the general Japanese population have been
reported to be lower than those of other ethnic groups [5,6].
One must clarify whether associations between a future risk of
cerebrovascular diseases and elevated hs-CRP levels also exist in
a population that has a relatively lower hs-CRP level. Only one
study has reported the association between hs-CRP and ischemic
stroke in a rural area of Japan [7]. Therefore, we evaluated the
ability of hs-CRP levels to predict future cerebrovascular events
and mortality in a larger cohort of the general Japanese popula-
tion.
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2. Methods
2.1. Study subjects

The study subjects were recruited from the community-
dwelling population living in the Ninohe, Kuji, and Miyako districts
of Iwate in northern Japan (the Iwate-Kenpoku Cohort study). This
study was conducted as part of a government-sponsored, multi-
phasic health checkup program aimed at the general population.
Between April 2002 and January 2005, invitations to participate in
this health checkup program were issued by government offices in
17 rural municipalities located in these districts; 26,469 individuals
(9161 males) took part in the program and agreed to join the present
study. Of these, 25,925 subjects (8957 males) had hs-CRP measure-
ments. Subjects aged over 80 years (280 males) and those under 40
years (300 males), as well as those with a history of cardiovascular
disease or stroke (527 males), were excluded. Thus, the data of 7901
males (mean age, 64.0+ 9.7 years) were analyzed. Baseline clini-
cal examinations included a standard 12-lead electrocardiogram,
and a self-reported questionnaire was administered to document
subjects’ medical history and lifestyle. Hospital inpatients, persons
who could not walkindependently, and persons with recent inflam-
matory conditions, such as major trauma, surgery, or cbvious acute
infectious disease, were not included in the present study.

The study was approved by our institutional ethics committee,
and all of the participants provided their written informed consent.

2.2. Risk factor definitions

The presence of baseline cardiovascular risk factors, includ-
ing hypertension, diabetes mellitus, hypercholesterolemia, obesity,
and smoking, was determined. Hypertension was defined as at
least one of: systolic blood pressure >140 mmHg; a diastolic blood
pressure =90 mmHg; or current antihypertensive therapy. Dia-
betes mellitus was defined as a history of a random blood glucose
level =200 mg/dL or an HbA1c level =6.5% or current anti-diabetic
therapy. Dyslipidemia was defined as a total cholesterol level
:-240 mg/dL or high density lipoprotein cholesterol level <40 mg/dL
or current cholesterol-lowering therapy. Obesity was defined as
a body mass index »25.0kg/m?2. The estimated glomerular filtra-
tion rate (eGFR) was calculated using the modified equation of the
Modification of Diet in Renal Disease (MDRD) study [8].

An electrocardiogram was not done in 225 males (2.8%). Body
height or body weight was missing in 10 males, and blood pressure
data were missing in 2 males. These participants were considered
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to have no risk factors such as atria! fibrillation, obesity, or hyper-
tension if they had no history of atrial fibrillation or hypertension.

2.3. Blood samples and hs-CRP measurement

Blood samples were collected from an antecubital vein. The
samples were collected into vacuum tubes containing EDTA or a
serum separator gel (CRP, lipids). After sampling, tubes were stored
immediately in an icebox and centrifuged at 1500 x g for 10 min
within 8 h of collection. Aliquots of serumn were stored at —20-C,
and routine hematology and biochemistry tests, including hs-CRP,
were done within a few days after blood sampling. hs-CRP levels
were determined using a highly sensitive immunonephelometric
method with a coefficient of variation <5% (N Latex CRP, Dade
Behring). The detection limit of CRP assay is 0.1 mg/L, and cases with
levels below the limit of detection were considered as 0.1 mg/L.

2.4, Outcome measures

In this cohort study, the primary endpoint was all-cause death,
as well as any non-fatal cardiovascular events, such as myocar-
dial infarction, cerebral infarction, or other strokes. The dates of
death and move-out were confirmed by the investigators reviewing
population-register sheets in each local government. Persons who
were known to be alive at the end of follow-up and those who had
moved away from the study area were treated as censored cases.

Stroke events were identified by accessing the Iwate prefecture
stroke registration program, which included the entire area where
the subjects lived; details of this registry have been described pre-
viously [9]. Since 1991, the stroke registration program has been
coordinated by the Iwate prefecture government and the Iwate
Medical Association; the medical records of all medical facilities
within the survey area are verified to ensure complete capture of
all data. Incidents of acute myocardial infarction were identified
by accessing data from the Northern Iwate Heart Disease Registry
Consortium, which has been collecting data since 2002, The regis-
tration of acute myocardial infarction and sudden death was based
on the criteria of the MONICA study [10]. To verify the accuracy of
the data, a physician or trained research nurse visited and checked
the medical records of the referral hospitals.

Females were excluded from the analysis due to a low inci-
dence of ischemic stroke events (59 events in 15,457 females;
0.4%). For the same reason, coronary heartdisease events (non-fatal
myocardial infarction, 34 events in 7901 males; 0.4%) were also not
analyzed.
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Fig. 1. Cumulative ischemic stroke-free rates and survival rates by age-adjusted Cox regression model for hs-CRP tertiles.
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Table 1 '
Baseline clinical characteristics of all subjects with and without endpoints

Ischemic stroke

All-cause death

=) (+) p (-) () p

No. of subjects 7806 95 7740 161

Age (years) 63.9 + 9.7 69.6 + 7.2 <0.001 63.9 + 9.7 69.8 + 7.8 <0.001
Body mass index (kg/m?) 239429 236+ 3.0 0.20 240+ 29 229130 <0.001
Systolic blood pressure {mmHg) 131+ 19 139+ 20 <0.001 131+ 19 132+ 20 0.31
Diastolic biood pressure {mmHg) 794 11 80+ 11 0.31 794+ 11 76 + 10 0.006
Hemoglobin Alc (%) 5.15 + 0.74 5.28 4 0.83 0.09 5.15 + 0.74 5.30 4+ 098 0.052
Serum creatinine {mg/dL) 0.82 4 0.20 0.85 + 0.16 0.15 0.82 + 0.19 0.88 + 0.42 0.18
eGFR {mL/min/1.73 m?) 734 + 151 69.2 + 13.5 0.006 73.4 + 15.0 70.2 4+ 18.0 0.004
Uric acid {mg/dL) 573+ 135 545+ 1.51 0.038 5724 135 5.95 + 1.59 0.16
Total cholesterol (mg/dL) 191 + 32 188 + 35 0.15 192 & 32 181 & 35 0.001
Triglyceride (mg/dL) 126 4 84 123 + 85 0.41 126 + 84 121 + 81 0.39
LDL-cholesterol (mg/dL) 114 + 29 112 £ 31 0.25 4 +£29 107 + 32 0.023
HDL-cholesterol (mg/dL) 56 + 15 56 + 16 0.90 56+ 15 53+ 17 0.002
hs-CRP (mg/L) 0.54 0.80 <0.001 0.55 1.07 <0.001
Hypertension (%) 45.6 67.4 <0.001 45.7 54.0 0.038
Diabetes mellitus (%) 7.7 11.6. 0.17 7.6 14.3 0.004
Dyslipidemia (%) 216 18.9 0.61 214 26.1 0.17
Obesity (%) 333 337 0.91 335 26.1 0.052
Atrial fibrillation (%) 26 15.8 <0.001 2.7 6.2 0.013
Current/past smoking (%) 62.2 75.8 0.007 62.2 68.9 0.085

hs-CRP, high sensitivity C-reactive protein; HDL, high density lipoprotein; LDL, low density lipoprotein; eGFR: estimated glomerular filtration rate.

Log-transformed values were used for comparisons of CRP levels.
Data are shown as mean + 5.D. hs-CRP are shown as geometric mean.

2.5, Statistical analysis

The cumulative survival curves (free of ischemic stroke or free of
all-cause death) by hs-CRP tertile levels were determined according
to the age-adjusted Cox model (Fig. 1). The proportionality assump-
tions of the hazard by hs-CRP tertile were verified by log minus
log curves. To determine the relative risks for each hs-CRP tertile
level, multivariate Cox proportional hazard models were used. Age
and known cardiovascular risk factors were used, and age (10-year
increase), systolic blood pressure, total cholesterol, high density
lipoprotein cholesterol, uric acid, estimated glomerular filtration
rate, body mass index, smoking, and presence of diabetes were
forced into the multivariate adjusted model. One rural commu-
nity (n=728) was excluded from multivariate analysis because of
missing data for serum uric acid, and cases having other missing
data as random phenomena were also excluded. This multivariate
analysis was finally performed for 7127 subjects. The results are
expressed as the hazard ratio (HR) and the corresponding 95% con-
fidence interval (CI). The analyses were performed using the SPSS
statistical package, version 11.0.

3. Results

The mean follow-up period was 2.7 years. During follow-up,
130 subjects (1.6%) had a first stroke. Of these, 95 (1.2%) had an
ischemic stroke; 161 (2.0%) died due to any cause; and 34 (0.4%) had

Table 2
Hazard ratios for first ischemic stroke and all-cause death by hs-CRP tertile levels

a new onset, non-fatal myocardial infarction (MI). All of the non-
ischemic strokes were the result of intracerebral or subarachnoid
hemorrhages.

Baseline characteristics of the participants with and without
ischemic stroke or all-cause death are shown in Table 1. Age, systolic
and diastolic blood pressures, serum creatinine level, the preva-
lence of hypertension, atrial fibrillation, and smoking were higher
in those with ischemic stroke than in those without. On the other
hand, eGFR was lower in those with ischemic stroke than in those
without. Similar results were obtained with respect to all-cause
death. Some paradoxical relationships were found with respect to
the uric acid level in participants with ischemic stroke, and the
total cholesterol level and LDL level in those with all-cause death
(Table 1).

The median serum hs-CRP level was 0.5 mg/L (95 percentile
range: 0.1-4.3 mg/L) in males. This median hs-CRP level was lower
than the levels reported in other populations in which hs-CRP lev-
els were measured using the same assay methodology {1-3]. A total
of 917 participants showed CRP levels <0.1 mg/L. Overall tertile
ranges for the hs-CRP levels were: 1st, 0.1-0.3; 2nd, 0.4-0.7; and
3rd, =0.8mg/L. Participants showing CRP>10.0 mg/L comprised
1.7% of the study population. However, presence of acute infec-
tious condition cannot be judged by CRP level alone, so making
a cut-off level for infection is not possible, We therefore ventured
to perform analyses without any exclusion criteria for high CRP
level.

hs-CRP tertile Incidence of events/no.

of subjects, n (%}

Age adjusted hazard ratios (95% CI) P

Multivariate adjusted p
hazard ratios (95% CI)*

Ischemic stroke 1 22[2922 (0.75) 1.00 (reference) 1.00 (reference)
2 28/2296 (1.22) 1.41 (0.80-2.48) 0.24 1.30(0.72-2.33) 0.39
3 452683 (1.68) 1.85 (1.17-3.25) 0.010 1.77 (1.04-3.03) 0.037
All-cause death 1 36/2922 (1.23) 1.00 (reference) 1.00 {reference)
2 37/2296 (1.61) 1.22(0.77-1.93) 0.40 115 (0.71-1.88) 0.57
3 88/2683 (3.28) 2.32(1.57-3.42) <0.001 2.26 (1.49-3.42) <0.001

hs-CRP, high sensitivity C-reactive protein; CI, confidence interval.

2 Age (10-year increase), systolic blood pressure, total cholesterol, high density lipoprotein cholesterol, uric acid, estimated glomerular filtration rate, body mass index,

smoking (current and past), and the presence of diabetes were forced into the Cox regression analysis model.
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As shown in Fig. 1, first ischemic stroke-free survival was lower
in the higher hs-CRP tertile level when adjusted for age (p=0.034).
Similar results were observed for all-cause death-free survival rates
(p<0.001). The proportionality assumptions of the hazard by hs-
CRP tertiles for these outcomes were satisfied.

In the multivariate Cox regression analysis model adjusted by
age, a significantly increased hazard ratio of ischemic stroke was
found in the 3rd hs-CRP tertile (HR=1.95, p=0.010) compared to
the 1st hs-CRP tertile. After adjustment for age (10-year increase)
and other classical cardiovascular risk factors, such as systolic and
diastolic blood pressures, total cholesterol, high density lipoprotein
cholesterol, uric acid, eGFR, BM]I, smoking (current and past), and
the presence of diabetes, the estimated HRs were maintained in the
3rd hs-CRP tertiles (HR=1.77, p=0.037). The results of the analysis
of all-cause death were similar (Table 2). When the presence of
atrial fibrillation was included in the multivariate adjusted model
for ischemic stroke, the statistical significance of the hs-CRP tertiles
declined (3rd hs-CRP tertile, HR=1.56, p=0.10).

On the other hand, there was no significant association between
the hs-CRP tertiles and strokes from any causes (trend p=0.19) in
the model adjusted by age and other classical cardiovascular risk
factors.

4. Discussion

This prospective cohort study found that baseline serum hs-CRP
level was an independent predictor for future ischemic stroke and
all-cause mortality in an apparently healthy population. It is inter-
esting that these results were obtained in the Japanese population,
which has a lower median hs-CRP level than Western populations
[4,5].

The major risk factors for stroke and cardiovascular disease, such
as smoking, diabetes, and hypertension, are associated with higher
hs-CRP levels [11,12]. These relationships could potentially explain
the associations that have been found between hs-CRP level and
stroke or mortality. However, since adjustment for such risk factors
did not have a large effect on the associations, the traditional risk
factors cannot completely explain the relationship between the hs-
CRP level and ischemic stroke events.

Carotid plaque formation is a well-established predictor for
future ischemic stroke in the general population [13,14]. Our pre-
vious data showed a close association between the hs-CRP level
and the severity of carotid atherosclerosis as demonstrated by
plaque formation in men [6)]. The present prospective results show
that future stroke events were related to elevated baseline hs-CRP
levels; this finding appears to substantiate our previous cross-
sectional data. Although a significant association between the
hs-CRP level and carotid atherosclerosis was only seenin meninour
previous data, the present study could not demonstrate a gender
difference for the association between hs-CRP level and the study
endpoint.

Atrial fibrillation has been known to be closely related with
ischemic stroke due to cardiac thromboembolism. In the present
study, the presence of atrial fibrillation was the strongest predictor
for ischemic stroke in the same model of multivariate Cox regres-
sion analysis with various risk factors (HR=5.13, 95% CI; 2.82-9.35,
p<0.001). It is considered natural that the significance of the hs-
CRP tertiles declined when the presence of atrial fibrillation was
included in the multivariate adjusted model for ischemic stroke.

In the present cohort, the association between elevated hs-CRP
level and stroke was only present when the analysis was limited
to the ischemic stroke subtype. In the present study’s subjects,
all non-ischemic strokes were intracranial hemorrhages, which are
known to be caused by rupture of cerebral perforating arteries or
an intracranial aneurysm. These pathological conditions develop

primarily due to hypertension and small artery hyalinosis [15].
The relationship between cerebral aneurysm and atherosclerosis is
not considered to be very strong [16]. Few large-scale prospective
cohort studies have addressed stroke subtype.

The major results of our study are completely consistent with
the findings of the Hisayama Study [7]. Although the novelty of
our study may be lacking, we would raise some unique minor
points of difference from the findings and design of the Hisayama
Study. First, the presence of atrial fibrillation reduced the pre-
dictive power of CRP for ischemic stroke in our study. Second,
hs-CRP measurement at baseline was planned a priori and the assay
was performed immediately, without long-term cryopreservation.
Third, registration of our study population was started in 2002.
Compared with the survey in 1988 of the Hisayama study, many
new anti-atherosclerotic agents such as strong statins, long-acting
anti-hypertensive agents and angiotensin-receptor blockers were
likely to be in more frequent use in our study population. Further-
more, our study population comprised older, more obese subjects
compared with those in Hisayama Study. All of these characteristics
are thought to represent a closer fit with modern Japanese society
and community population.

It is possible that the hospital-based follow-up used in the
present study was not completely reliable for detecting clinical
events. However, an attempt was made to retrieve and view all
medical charts from all hospitals and clinics located in the survey
area, and the study included several remote teaching hospitals and
tertiary referral medical centers. Furthermore, the population of
the study district has been stable, with an annual variation rate
of only 0.2%. Moreover, participants who developed cerebrovascu-
lar and cardiovascular diseases or fatal events had access to only a
limited number of medical institutes. Therefore, most major clini-
cal adverse events were likely to have been captured in the present
study cohort.

Elevated hs-CRP levels did not reflect the presence of imminent
diseases from which stroke events or all-cause deaths had not yet
occurred, since the interval between baseline hs-CRP measurement
and the ischemic stroke event or death was relatively long: a mean
of 1.8 years for ischemic stroke events and a mean of 1.9 years for
all-cause death.

Some study limitations should be noted. The results of this study
are based on one baseline hs-CRP measurement. Subjects who had
recent acute inflammatory conditions, other than a mild “com-
mon cold”, were not included in the study. However, the subjects
were not examined to determine whether any chronic infections,
including silent infections such as periodontitis, bladder cystitis,
and chronic bronchitis, were present. Chronic infections have been
known to have a relationship with carotid atherogenesis [17]. The
present study did not assess the use of drugs that can lower hs-
CRP levels, such as rennin-angiotensin system inhibitors [18,19],
statins [20], and thiazolidinedione [21]. However, it was unlikely
that the frequency of the use of these medications was higher in
event-free participants. Although imaging was used to verify all
stroke cases who visited the hospital with typical symptoms of
neurological deficit, patients with events who were not hospital-
ized or those who were hospitalized at hospitals located outside
the area could not be captured in this study design. However, this
occurred very infrequently. Finally, this study tested several possi-
ble outcomes, including stroke and coronary heart disease in each
gender, and then reported the significant findings. The possibility
thus remains that chance findings were responsible for the present
results. .

In conclusion, CRP levels can predict future ischemic stroke and
mortality in Japanese males from the general population, indepen-
dently from traditional cardiovascular risk factors other than atrial
fibrillation.
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