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Plasma B-type natriuretic peptide is a useful tool for
assessing coronary heart disease risk in a Japanese
general population

Takuya Hasegawa1, Masanori Asakura1, Kazuo Eguchi2, Hiroshi Asanuma1, Takahiro Ohara1,
Hideaki Kanzaki1, Kazuhiko Hashimura1, Hitonobu Tomoike1, Jiyoong Kim1 and Masafumi Kitakaze1

B-type natriuretic peptide (BNP) has been reported to be associated with cardiovascular prognosis in a community-based

population. In addition, accumulation of individual cardiovascular risk factors is important in predicting an individual’s risk of

future cardiovascular disease. However, there have been few reports showing that BNP is a comprehensive marker of the

accumulation of cardiovascular risk factors. We studied 1530 community-dwelling subjects without obvious heart diseases or

renal dysfunction (mean age 62±15 years; 569 men and 961 women) who participated in an annual health checkup in a rural

Japanese community. Coronary heart disease (CHD) risk was estimated, and patients were placed into the following three

groups based on the Framingham function: low risk, moderate risk and high risk. The prevalence of moderate- and high-risk

subjects for CHD rose in both genders with increasing plasma BNP levels. The area under the receiver operating characteristic

curve showed a modest ability of plasma BNP levels to detect these subjects (0.755 and 0.700 for men and women,

respectively). The optimal thresholds for the identification of subjects with moderate- and high-risk disease were BNP

concentrations of 12.0 and 22.0 pg ml�1, with sensitivities of 70% and 66% and specificities of 71% and 63% for men and

women, respectively. In conclusion, subjects with high plasma BNP levels were at higher risk for CHD in a population without

obvious heart disease or renal dysfunction.
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INTRODUCTION

B-type natriuretic peptide (BNP) has been widely used as a diagnostic
and prognostic biomarker in heart failure. In the general population,
plasma BNP levels may serve as a screening tool to detect left
ventricular (LV) systolic dysfunction1–3 and other heart diseases,
including previous myocardial infarction and hypertensive heart
disease.4,5 Furthermore, plasma BNP levels can predict the risk of
heart failure,6 coronary heart disease and stroke7 in the general
population.

Plasma BNP levels are associated with individual risk factors for
coronary heart disease (CHD), such as advancing age, hypertension,
diabetes, obesity and dyslipidemia: these factors show different
patterns of association with heart disease and have varying impacts
on plasma BNP levels.8–11 Among these risk factors, advanced age and
hypertension are each positively associated with plasma BNP levels,
but body mass index (BMI), total cholesterol and triglyceride
levels and diabetes are inversely associated with plasma BNP levels,
indicating either positive or negative associations between individual
coronary risk factors and plasma BNP levels. These risk factors often
coexist in a particular patient, and their accumulation increases

cardiovascular disease risk. The Framingham Risk Score (FRS)
equation is the gold standard for estimating a patient’s 10-year risk
for CHD by taking into account established risk factors, such as
advanced age, hypertension, dyslipidemia, diabetes and smoking.12–14

Among the components of the FRS equation, advanced age,
hypertension and diabetes are conditions that predispose patients to
diastolic heart failure that is strongly associated with high plasma
BNP levels.15,16 However, calculating the score using a function is not
as easy as checking an index derived from blood samples. There have
been few studies to determine whether high plasma BNP levels are a
surrogate marker of risk factor accumulation. Therefore, we tested the
hypothesis that plasma BNP levels predict the risk of CHD estimated
by the FRS equation in a rural Japanese population.

METHODS

Study population
The subjects of our study were selected from a group of participants in the

2005 annual health checkup in Nishi-Arita Town, Saga, Japan.17,18 The town

had 7249 residents 420 years of age. We excluded subjects who underwent

their companies’ health checkups and those who were unwilling to undergo
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this health checkup. Among the 3158 residents invited, 1700 subjects

participated in the conventional health checkup. Written informed consent

was obtained from all subjects. Individuals who were not willing to participate

in the study after obtaining information about it were excluded (n¼ 162).

Furthermore, we excluded subjects with a history of myocardial infarction

(n¼ 5), heart failure (n¼ 1) or renal insufficiency (serum creatinine

42.0 mg dl�1; n¼ 2). Following these exclusions, 1530 subjects were

enrolled in the study. The study was approved by the Institutional Review

Board of our institution. All subjects were ambulatory and provided informed

consent to participate in the study.

Baseline clinical evaluation
All participants were interviewed about their lifestyle, medical history, family

history and habits. The subjects were instructed to fast before blood sampling.

Standard enzymatic methods were used to determine baseline levels of total

cholesterol, high-density lipoprotein (HDL) cholesterol and triglycerides. The

Friedwald equation was used to calculate low-density lipoprotein cholesterol

levels. Blood pressure was defined as the average of two measurements

obtained with subjects in the seated position. Demographic factors were

evaluated based on subjects’ responses, and anthropometric measurements

were obtained using calibrated scales. Hypertension was defined by the

following criteria: systolic blood pressure X140 mm Hg or diastolic blood

pressure X90 mm Hg as well as a patient’s self-reported history of hyperten-

sion or use of antihypertensive medication. Diabetes mellitus was defined by

one or more of the following criteria: a patient’s self-reported history of

diabetes, use of insulin or oral hypoglycemic agents or a fasting glucose

X126 mg dl�1. High triglyceride levels were defined as serum triglyceride levels

X150 mg dl�1 or ongoing medical treatment for high triglyceride levels. Low

HDL cholesterol levels were defined as serum HDL cholesterol levels

X40 mg dl�1 for men or X50 mg dl�1 for women or ongoing medical

treatment for low HDL cholesterol. Dyslipidemia was defined by the criteria

used for either high triglyceride or low HDL cholesterol levels. Metabolic

syndrome was defined by following the criteria of the National Cholesterol

Education Program (NCEP) in Adult Treatment Panel (ATP) III13 and was

diagnosed in patients with X3 of the following criteria: (1) waist

circumference X90 cm in women or X85 cm in men, (2) HDL cholesterol

o 40 mg dl�1, (3) serum triglycerides X150 mg dl�1, (4) known hypertensive

medication use or blood pressure X130/85 mm Hg and (5) fasting glucose

X110 mg dl�1. The cutoff values for waist circumference were modified with

values used in Japanese populations.19 Estimated glomerular filtration rate was

calculated using the equation from the Modification of Diet in Renal Disease

Study with coefficients modified for Japanese patients.20 BMI was calculated as

weight (kg) divided by height (m) squared. Current smoking was defined as

having a habit of smoking at the time of the health checkup. Plasma BNP levels

were assayed using the chemiluminescent enzyme immunoassay (Shionogi,

Tokyo, Japan).

Assessment of 10-year risk for CHD
The 10-year risk for CHD was determined using the FRS equation, as

described in a previous study.13 Briefly, the data for age (5-year intervals),

plasma total cholesterol and HDL cholesterol levels, systolic blood pressure and

cigarette smoking status were taken into account to estimate the 10-year risk

for CHD in each gender. Subjects were assigned to the following three groups

based on their calculated 10-year risk: low risk (10-year risk X10%), moderate

risk (10-year risk of 10–20%) and high risk (10-year risk 420%). Subjects

with diabetes were assigned to the high-risk group regardless of their 10-year

risk for CHD.

Statistical analyses
Plasma BNP levels were considered categorical and continuous variables after

logarithmic transformation. To assess whether a gradient of CHD risk was

present across BNP levels, we performed analyses using the following three

categories based on tertiles of plasma BNP levels: low tertile, middle tertile and

high tertile. Owing to sex-based differences in the distributions of plasma BNP

levels,9 we established separate cutoff points for men and women and divided

subjects evenly into the three categories. One-way analysis of variance was

performed to compare continuous variables among the risk subgroups

stratified based on plasma BNP levels. The w2 tests were performed to

compare proportional values among the three groups. The differences in the

prevalence of the severity of Framingham risk among the three groups based

on plasma BNP levels were examined by the w2 test and logistic regression

analysis. In the logistic analysis, odds ratios of the middle-tertile and high-

tertile BNP groups for moderate-risk and high-risk subjects for CHD were

estimated using the low-tertile BNP group as a reference group. Sex-specific

receiver operating characteristic (ROC) curves were used to examine the

performance characteristics of plasma BNP levels. Areas under the curve and a

95% confidence interval (CI) of each ROC curve were calculated to provide a

measure of the accuracy and ability of plasma BNP levels to detect moderate-

risk and high-risk subjects. The ability of BNP to detect subjects with moderate

and high risk was evaluated using ROC curves within gender-specific strata.

The optimal discriminatory value was identified as the BNP value that had a

combined sensitivity and specificity at the smallest distance to 100% for both

men and women. Statistical significance was determined at the a¼ 0.05 level

using two-sided tests. All analyses were performed using SPSS version 11.0

(SPSS, Chicago, IL, USA).

RESULTS

Population characteristics
The overall population characteristics are shown in Table 1. The mean
age of the subjects (569 men and 961 women) was 62±15 years. The
25th percentile, median and 75th percentile plasma BNP levels in the
overall population were 9.1, 17.8 and 33.5 pg ml�1, respectively. The
median level in women (18.5 pg ml�1) was higher than the median
level in men (15.7 pg ml�1). Systemic hypertension and diabetes
mellitus were observed in 42% and 7% of the subjects, respectively.

Association between plasma BNP levels and each risk factor by
gender
Table 2 shows the comparisons of the population characteristics
according to plasma BNP levels. For both genders, positive associa-
tions of log-transformed BNP levels were shown with age, indices on
hypertension (systolic blood pressure, pulse pressure and the presence
of hypertension) and estimated glomerular filtration rate. For men,
but not for women, inverse associations of log-transformed BNP
values were shown with BMI and indices on dyslipidemia (total
cholesterol, low-density lipoprotein cholesterol and triglycerides). The
indices on diabetes (fasting glucose level and the presence of diabetes)
were not associated with plasma BNP levels in the present study.

Association between plasma BNP levels and Framingham risk
Figure 1 shows the distribution of Framingham risk scores according
to plasma BNP levels. The prevalence of low-risk subjects was higher
in women than in men in all the BNP subgroups (58%, 31% and 9%
for men; 91%, 84% and 67% for women; low-tertile, middle-tertile
and high-tertile BNP, respectively, Po0.001). The prevalence of
moderate-risk and high-risk subjects for CHD rose with increasing
plasma BNP levels in both genders (42%, 69% and 91% for men; 9%,
16% and 33% for women; low-tertile, middle-tertile and high-tertile
BNP levels, respectively, Po0.001). In men, the odds ratios for the
middle-tertile BNP group and the high-tertile BNP group, compared
with the low-tertile BNP group (as a reference), were 2.72 (95% CI
1.76–4.20) and 8.73 (95% CI 4.97–15.33), respectively. In women, the
odds ratios for the middle-tertile BNP group and the high-tertile BNP
group, compared with the low-tertile BNP group, were 1.98 (95% CI
1.22–3.24) and 5.26 (95% CI 3.35–8.26), respectively.

Figure 2 indicates the area under the ROC curve as the ability of
plasma BNP levels to detect moderate-risk and high-risk subjects.
Plasma BNP levels had a modest ability to detect moderate-risk and
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high-risk subjects (0.755 (95% CI 0.714–0.797) and 0.700 (95% CI
0.658–0.741) for men and women, respectively). The optimal thresh-
olds for the identification of subjects with moderate and high risk
were BNP concentrations of 12.0 and 22.0 pg ml�1 with sensitivities
of 70% and 66% and specificities of 71% and 63% for men and
women, respectively.

DISCUSSION

In this Japanese community-based population study, we demon-
strated that plasma BNP levels had a modest ability to detect
moderate-risk and high-risk subjects. BNP levels of 12.0 pg ml�1 for
men and 22.0 pg ml�1 for women may be cutoff values for identifying
moderate to severe CHD risk.

Table 2 Comparison of the population characteristics according to plasma BNP levels

Men Women

Low tertile

(n¼190)

Middle tertile

(n¼190)

High tertile

(n¼189) P-value

Low tertile

(n¼321)

Middle tertile

(n¼320)

High tertile

(n¼320) P-value

BNP levels (pgml�1) p9.1 9.3–25.0 25.1p p13.0 13.1–27.1 27.3p
Age (years) 54±15 64±12 73±9 o0.001 53±15 61±14 70±10 o0.001

BMI (kgm�2) 23.0±2.8 22.5±2.7 21.9±2.8 o0.001 22.4±3.0 22.3±3.3 22.1±3.3 0.580

Waist circumference (cm) 84.0±8.1 83.3±8.0 82.4±8.2 0.171 82.4±8.7 83.3±9.8 83.9±9.9 0.106

Systolic blood pressure (mm Hg) 129±16 130±19 139±19 o0.001 119±19 127±21 134±22 o0.001

Diastolic blood pressure (mmHg) 79±11 80±12 81±11 0.310 74±11 76±11 77±10 0.013

Pulse pressure (mm Hg) 49±12 51±11 58±14 o0.001 45±12 51±14 57±16 o0.001

Total cholesterol (mg dl�1) 192±30 186±31 176±27 o0.001 200±34 200±30 198±28 0.730

HDL cholesterol (mgdl�1) 53±13 52±13 51±12 0.645 57±12 57±12 56±12 0.281

LDL cholesterol (mg dl�1) 115±29 110±28 105±25 o0.001 124±30 124±27 123±26 0.889

Trigricerides (mg dl�1) 122±92 118±84 102±60 0.044 94±56 94±48 96±52 0.866

Fasting glucose (mgdl�1) 90±34 89±25 89±22 0.847 84±17 86±19 86±15 0.146

Serum creatinine (mg dl�1) 1.02±0.14 1.00±0.17 1.03±0.17 0.210 0.78±0.12 0.78±0.12 0.83±0.15 o0.001

Estimated GFR (mlmin�1 per

1.73 m�2)

63±11 61±11 57±10 o0.001 63±12 60±11 54±11 o0.001

Current smoking (n (%)) 75 (40) 56 (30) 48 (25) 0.010 14 (4) 12 (4) 7 (2) 0.297

Hypertension (n (%)) 67 (35) 84 (44) 120 (64) o0.001 74 (23) 123 (38) 167 (52) o0.001

Diabetes (n (%)) 19 (10) 16 (8) 13 (7) 0.550 14 (4) 17 (5) 23 (7) 0.287

Metabolic syndrome (n (%)) 42 (22) 49 (26) 36 (19) 0.288 37 (12) 59 (18) 73 (23) 0.001

Abbreviations: BMI, body mass index; BNP, B-type natriuretic peptide; GFR, glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Table 1 Characteristics of subjects

Overall (n¼1530) Men (n ¼569) Women (n¼961) P-value

Age (years) 62±15 63±14 61±15 0.009

BMI (kgm�2) 22.3±3.1 22.5±2.8 22.3±3.2 0.215

Waist circumference (cm) 83.2±9.0 83.2±8.1 83.2±9.5 0.954

Systolic blood pressure (mm Hg) 129±21 132±18 127±21 o0.001

Diastolic blood pressure (mm Hg) 77±11 79±11 75±11 o0.001

Pulse pressure (mm Hg) 52±14 53±13 51±15 0.052

Total cholesterol (mg dl�1) 194±31 185±30 199±31 o0.001

HDL cholesterol (mgdl�1) 55±12 52±13 57±12 o0.001

LDL cholesterol (mg dl�1) 119±29 110±28 124±28 o0.001

Triglycerides (mg dl�1) 102±64 114±80 94±52 o0.001

Fasting glucose (mgdl�1) 87±22 90±28 85±17 0.001

Serum creatinine (mg dl�1) 0.9±0.2 1.0±0.2 0.8±0.1 o0.001

Estimated GFR (mlmin�1 per 1.73 m2) BNP 59±11 60±11 59±12 0.039

Median (25th–75th percentile) (pgml�1) 17.8 (9.1–33.5) 15.7 (7.3–33.9) 18.5 (10.6–33.4)

Hypertension (number (%)) 635 (42) 271 (48) 364 (38) o0.001

Diabetes (number (%)) 102 (7) 48 (8) 54 (6) 0.033

Dyslipidemia (number (%)) 572 (37) 193 (34) 379 (39) 0.031

High triglycerides (number (%)) 331 (22) 137 (24) 194 (20) 0.074

Low HDL cholesterol (number (%)) 456 (30) 109 (19) 347 (36) o0.001

Current smoking (number (%)) 212 (14) 179 (32) 33 (3) o0.001

Metabolic syndrome (number (%)) 296 (19) 127 (22) 169 (18) 0.023

Abbreviations: BMI, body mass index; BNP, B-type natriuretic peptide; GFR, glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
Values are expressed as number of cases (%) or mean±s.d.
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Relationship between plasma BNP levels and accumulated risk
factors
We observed a significant positive relationship between plasma BNP
levels and accumulated risk factors, which was evaluated by the FRS
equation, suggesting that subjects with higher plasma BNP levels may
have a higher CHD risk.

The association between plasma BNP levels and individual risk
factors has been described3,8–11,21,22 primarily because these risk
factors are linked to LV hypertrophy and elevated LV filling
pressures. The result of the present study was essentially consistent
with these reports. Actually, these risk factors often coexist in a
subject, and their accumulation may increase a patient’s
cardiovascular disease risk. However, previous studies have paid
little attention to the association between plasma BNP levels and
accumulated coronary risk factors. One of the studies reported that
the accumulation of several metabolic risk factors was associated with
low plasma BNP levels, even after adjustments for BMI.8 In contrast,
our results showed that plasma BNP levels were positively associated
with the accumulation of risk factors, assessed using the FRS
equation.

One explanation for the differences between the results of these
studies may be the differences in the components employed in each
calculation, particularly age.13,23 Although advanced age, total

cholesterol levels and cigarette smoking are included in the FRS
equation, they are not included in the criteria for metabolic
syndrome. In contrast, both obesity and elevation of diastolic blood
pressure are included in the criteria for metabolic syndrome, but they
are not included in the FRS equation. Among the established risk
factors for CHD, advanced age is a major risk factor for CHD,
independent of the other clinically available indices.24–26 As evidenced
in both the present study and previous studies, advanced age is
positively associated with plasma BNP levels independent of the other
clinical indices.9,21 Therefore, the positive association between plasma
BNP levels and accumulated risk factors, which was assessed using the
FRS equation, may be attributable to advanced age. Another
explanation for the differences in study results may be differences
in the severity of obesity between our Japanese population and the
western population. In our population, the prevalence of the normal
BMI subjects, defined as a BMI of X25 kg m�2, was 81%, in contrast
to 30% in the western population.22 The usefulness of BNP levels in
predicting LV filling pressures appears to decrease in severely obese
subjects.27 Therefore, the positive association between plasma BNP
levels and risk factors may be more distinct in our population.

In the present study, an inverse relationship between smoking and
BNP levels was observed in men. Otsuka et al.28 reported that BNP
levels in current smokers are higher than levels in subjects who have
never smoked in a population of middle-aged men. However,
differences in the populations of our study and their study should
be noted. First, the mean age and the s.d. of our study (62 ±15 years)
are higher and larger than those of the study of Otsuka et al.28 (44±6
years). Second, the study population of the previous study has fewer
coronary risk factors than our population. In the previous study,
subjects taking medications for hypertension, diabetes, dyslipidemia
and chronic renal disease were excluded. The exact mechanisms for
the relationship between BNP levels and smoking status have not been
elucidated, but a plausible explanation is cardiac overload caused by
the excess vasoconstriction and accelerated atherosclerosis of both
coronary arteries and systemic arteries caused by cigarette smoking.
However, the impact of cigarette smoking on increased LV mass,
which is the strongest determinant of elevated BNP levels, is smaller
than that of aging, hypertension, diabetes or chronic kidney disease.
Therefore, the significant relationship between smoking status and
BNP levels noted in our population may be attenuated in other
populations. In addition, our study subjects were arbitrary
participants taken from an annual health checkup for residents of a
rural town. Most of the participants appear to have sufficient
motivation to undertake a healthy lifestyle, and high-risk subjects
were strongly encouraged to stop smoking. Accordingly, an inverse
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relationship between smoking habits and BNP levels was observed in
the present study.

Clinical implications
BNP has been widely used as a diagnostic and prognostic biomarker
in heart failure. In clinical settings, plasma BNP is used as a screening
tool to identify patients with heart failure or exercise intolerance.29,30

It has been reported that in general populations, plasma BNP levels
can serve as a screening tool to detect LV systolic dysfunction1–3 and
other heart diseases, including previous myocardial infarction and
hypertensive heart disease.4 In such situations, some of the subjects
have mildly elevated BNP levels even without LV dysfunction or
significant valvular diseases. Our study indicated that subjects with
high BNP levels but no heart failure symptoms may be moderate-risk
or high-risk patients for CHD and, thereby, may be referred for
further examination to investigate whether they have CHD or to have
each risk factor for CHD treated.

Study limitations
There are some limitations to this study. First, our study population
showed lower levels of obesity than those found in western popula-
tions. Because obesity may be a confounder for BNP levels, our results
may be applicable to nonobese populations in western countries.
Second, because of its cross-sectional nature, the present study did not
indicate an association between plasma BNP levels and cardiovascular
events.

The actual incidence of CHD in the Japanese population is lower
than the incidence of CHD in western populations and the risk of
CHD estimated by FRS. Nevertheless, it is clear that a group of
subjects with higher CHD risk as determined by the FRS have a
higher incidence of CHD in Chinese31 and Japanese populations.14

This suggests that the relative CHD risk in one race may be
estimated using the FRS. Furthermore, as indicated in the Japan
Atherosclerosis Society (JAS) Guidelines for Prevention of
Atherosclerotic Cardiovascular Diseases, quoting the study of the
National Integrated Project for Prospective Observation of Non-
communicable Disease and its Trends in the Aged (NIPPON
DATA), individual risk factors are definitely associated with the
incidence of cardiovascular events and absolute CHD risk should
be assessed using these individual risk factors, which are also
included in the formula of the FRS. Therefore, subjects with a high
FRS may have a comparatively high CHD risk in a Japanese
population.

Age is the strongest cofactor of the association between plasma
BNP levels and FRS. Because age is included in the FRS, it is
impossible to adjust for age. Although age was the variable that most
strongly correlated with BNP in our study population, age is merely
one component of the FRS. Although the independent association
between BNP and FRS may be assessed statistically, we demonstrated
a modest ability and utility of plasma BNP as a surrogate marker of
the FRS as demonstrated by the area under the ROC curve as well as
the sensitivity and specificity of plasma BNP. Generally, practitioners
check plasma BNP levels to diagnose heart failure. When they find
BNP levels above the normal range, we suggest that these practitioners
should look for not only the presence of heart failure but also
individual CHD risk factors, including hypertension, dyslipidemia,
chronic kidney disease and age. Although age is the strongest
independent predictor of CHD, advanced age itself is not the sole
risk factor for CHD.

CONCLUSION

Plasma BNP levels measured during health checkups in a Japanese
general population are associated with a higher risk of CHD. Even in
the normal range, plasma BNP levels have a modest ability to detect
moderate-risk and high-risk subjects. Further research is necessary to
verify these results and determine their relationship to future CHD
events.
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