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Table 2
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Descriptive characteristics of 1926 men aged 40—69 ycars with CRP levels less than 10 mp/L according to quartile groups of CRP levels

CRP levels (mg/L) 0.1-0.2 0.3-0.4 0.5-0.9 1.0-9.4 P value
Number 506 471 492 457

Age (years) 574 (8.5) 58.2 (8.2) 58.3 (8.4) 59.6 (8.2) <0.00!
BMI (kg/m?) 228 (2.7 23.8 (2.6) 24.4 (3.0) 245(3.2) <0.001
SBP (mm Hg) 123.9 (18.7) 128.5 (19.0) 129.2 (19.6) 130.1 (19.8) <0.00!
Regular drinker 50.0% 49.8% 50.0% 50.1% 0.532
Excrcise habit 25.8% 33.4% 34,7% 32.3% 0.022
Current smoker 35.0% 35.9% 42.1% 45.7% <(.001
TC (mg/dL) 190.9 (30.9) 198.6 (32.1) 202.0 (35.1) 200.5 (36.5) <0.001
TG (mg/dL) 118.8 (72.6) 141.5 (93.4) 160.7 (112.1) 162.7 (116.6) <0.001
HDLC (mg/dL) 61.9 (15.0) 58.7 (14.9) 54.0 (13.9) 533 (14.9) <0001
LDLC (mg/dL) 110.3 (28.3) 117.6 (30.6) 122.8 (31.6) 122.7 (33.5) <0.00]
Plasma glucose (mg/dL) 110.6 (32.6) 114,7 (41.9) 113.5 (36.9) 119.4 (45.5) 0.002
HbAlc (%) 4.95 (0.56) 5.04 (0.75) 5.14 (0.91) 5.27 (0.95) <0.001

Data are expressed as means (standard deviation) or percentages. P values for lincar trend tests among quartile groups.

Abbreviations: NS, not significant; TC, total cholesterol level; TG, triglyceride level; HDLC, high-density lipoprotein chiolesterol level; LDLC, low-density

lipoprotein cholesterol level; HbA Ic, percentage of glycosylated hemoglobin; SBP, systolic blood pressure.

level and between pack-years of smoking and CRP level [6-
8,23]. Tracy et al. did not find a dose-response relationship
between pack-years of smoking and CRP level [23]. Koenig
et al. analyzed the associations between number of
cigarettes smoked per day and CRP level and between
pack-years of smoking and CRP level, but they did not
report a dose-response relationship between number of
cigarettes smoked per day and CRP levels or between pack-
years of smoking and CRP level [6,7]. Frohlich et al.
reported that the number of cigarettes smoked per day, pack-
years of smoking and duration of smoking are positively
associated with CRP levels in men, although CRP levels in
moderate to heavy smokers (13 cigarettes or more per day)
were similar in their study {8].

It has been reported that there is a strong and consistent
dose—response relationship of smoking with coronary artery
disease (CAD) and that there is a positive relationship
between the risk of development of CAD and CRP level
(4,7,24]. However, our data did not show a positive

Table 3

Standardized regression coefficient by multiple regression analysis predict-
ing logarithm-transformed CRP among 1926 men aged 40-69 years with
CRP fevels less than 10 mg/L

Standordized coefficient P value
Current smoking
Number of cigarettes
1-19/day 0.082 0.001(
20-29/day 0.096 <0.001
30/day 0.106 <0.001
Ex-smoking 0.059 0.020
Age (years) 0.132 <0.001
BMI (kg/m?) 0.141 <0.001
SBP (mm Hg) 0.069 0.004
HDLC (mg/dL) —0.182 <0.001
LDLC (mg/dL) 0.113 <0.001
HbAlc (%) 0.110 <0.601

Abbreviations: BMI, body mass index; HDLC, high-density lipoprotein
cholesterol level; LDLC, low-density lipoprotein cholesterol level; HbAlc,
percentage of glycosylated hemoglobin; SBP, systolic blood pressure.

association between number of cigarettes smoked per day
and CRP level in current smokers. This is in contrast to the
dose-response relationship between number of cigarettes
smoked per day and HDLC level found in our study (crude
mean levels of HDLC: 56.3 mg/dL in mild smokers, 56.1 mg/
dL in moderate smokers, 54.4 mg/dL in heavy smokers,
lincar trend test: P < 0.05) and in a previous study [25].
Variation of susceptibility to smoking may explain the lack of
a dose~response relationship between CRP level and number
of cigarettes smoked. Smokers with high CRP levels possibly
have a high risk of development of CVD.

In past smokers, our data showed that CRP levels were
intermediate between those in non-smokers and thosc in
current smokers, Similar results regarding CRP levels in
past smokers were reported [6,8], on the other hand, some
studies reported that mean CRP levels in past smokers were
similar to those in nonsmokers [7].

As for the relationship between smoking cessation period
and CRP levels, Frolich et al. reported that duration of
smoking cessation is inversely associated with CRP levels
in men. However, CRP levels in past smokers who had not
smoked for more than 20 years were still higher than those
in subjects who had never smoked [8]. In the present study,
it was found that the longer the smoking cessation period
was, the lower the CRP levels in past smokers were,
Adjusted CRP levels in past smokers who had not smoked
for 5 years or more were similar to those in subjects who
had never smoked. Our results suggested that the risk
reduction of CAD by smoking cessation could be explained
by decline of CRP level.

There are scveral limitations of our study. First, smokers
who are in good physical condition can continue to smoke
the same number of cigarettes per day, whereas smokers
who are not in good condition tend to cease smoking or
reduce the number of cigarettes smoked per day. This may
possibly explain the lack of a dose-response relationship
between CRP level and number of cigarcttes smoked per
day. Second, some subjects in this study may have quit
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Table 4
Non-adjusted and adjusted geometric means of CRP level for various categories of smoking status among 1926 men aged 4069 years with CRP levels less

than 10 mg/L

Number CRP (mg/L) Estimated CRP (mg/L)
geometric mean geometric mean 95%C1
Smoking status
Non-smoker 661 043 0.41 (0.39-0.450) ]t
Current smoker 762 0.54 0.57 (0.53-0.61) J t
Past smoker 503 0.49 0.48 (044052 ]t
Current smoker groups
Number of cigarettes/dny*
1-19 /day 217 0.52 0.55 (0.48-0.62) i
20-29 fday 3N 0.54 0.56 0.51-0.62) :| Linear trend
30 /day 172 0.58 0.62 (0.53-0.71) NS
Pack-ycars of smoking**
0.3-25.0 years 257 0.49 0.53 (0.46-0.59) Linear trend
25.2~-39.0 years 229 0.51 0.57 (0.50-0.64) :’ NS
40.0-105.0 years 273 0.45 0.61 (0.54-0.68)
Past smoker groups***
Length of cessation peviad
<5 years 19 0.61 0.58 (0.49-01.70) ] R
5 years 354 0.47 0.45 (0.41-0.50)

Estimated CRP levels for persons aged 58.4 years with BM! of 23.9 (kg/m?), SBP of 127.8 (mm Hy), HDLC of 57.0 (mg/L), LDLC of 118.2 (mg/L), and
HbAlc of 5.10 (%). 95% CI {confidence interval) is based on standard errors from analysis of covariance.

I p<0.05by multiple comparisons (Bonferroni’s method).
P < 0,01 by multiple comparisons (Bonferroni’s method).

* Numbers of cigarettes smoked per day were unknown in two current smokers.

** Somoking duration was unknown in one current smoker.
+++ Cessation periods were unknown in 30 past smokers.

smoking because of poor physical condition. Third, since
past smokers who had not smoked for more than 5 years had
a rather short smoking history and short smoking exposure
period, the likelihood of smoking-related inflammation
seems to low in those subjects. These factors may have
accentuated the difference between CRP levels in the short
cessation group and long cessation group. Finally, it is
necessary to test in a longitudinal prospective investigation
whether current smokers with high CRP levels have a high
risk of developing CVD and whether CRP levels recover to
former levels after smoking cessation.

In conclusion, CRP levels in current smokers are elevated
but unrelated to the number of cigarettes smoked per day. The
longer the smoking cessation period is, the lower are CRP
levels in past smokers. The reduction in risk of development
of CVD can be partially explained by decline of CRP level
due to smoking cessation.

Acknowledgments

This study was partially supported by the Open Trans-
lational Research Center Project, Advanced Medical Sci-
ence Center, Iwate Medical University. This work was also
supported by a grant from the Japan Arteriosclerosis
Prevention Fund (JAPF) and a grant from the Ministry of
Education, Culture, Sports, Science and Technology. We
thank the research nurses and laboratory technologists of
Iwate Health Service Association for their excellent research
assistance, and we also express our gratitude to the staff in

all municipalitics (Iwate Prefecture, Ninohe City, Ichinohe
Town, Karumai Town, and Kunohe Village) and the staff of
Ninohe Pubtic Health Center.

References

[t] Ross R. Atherosclerosis—An inflammatory disease. N Engl J Med
1999;340:115-26.

{2] Yudkin J, Kumari M, Humphries S, et al. Inflammation, obesity, stress
and coronary licart disease: is interlevkin-6 the link? Atherosclerosis
2000;148(2):209-14.

[3]1 Kannel W. Hypertension, bload lipids, and cigarette smoking as co-
risk factors for coronary heart disease. Ann N Y Acad Sci 1978;304:
128--39.

[4] Relationship of blood pressure, serum cholesterol, smoking habit,
relative weight and ECG abnormalities to incidence of major coronary
events: final report of the pooling project. J. Chron. Dis.: The Pooling
Project Rescarch Group; 1978. p. 201306,

{5] The health consequences of smoking-cardiovascular disease W, A
report of the surgeon general. Rockville, MD: United States Depart-
ment of Health and Human Services; 1983,

[6] Kuller L, Tracy R, Shaten J, et al. For the MRFIT research group:

relationship of C-reactive protein and coronary heart disease in the

MRFIT nested case-control study. Am J Epidemiol 1996;144:537-47,

Koenig W, Sund M, Frolich M, et al. C-reactive protein, a sensitive

marker of inflammation, predicts future risk of coronary heart

disease in initially healthy middle-aged man: results from the

MONICA (MONI-toring trends and determinants in CArdiovascular

disease) Ausburg Cohort Study, 1984 to 1992. Circulation

1999,99:237-42,

Frohlich M, Sund M, Lowel H, et al. Independent association of

various smoking characteristics with markers of systemic inflamma-

tion in men. Results from a representative sample of the general

7

[P

[8

—

— 197 —



656 M. Ohsawa et al. / Preventive Medicine 41 (2005) 651656

population (MONICA Ausburg Survey 1994/95). Eur Heart J
2003;24(14):1365-172.

[9] Roberts W, Moulton L, Law T, et al. Evaluation of nine
automated high-sensitivity C-reactive protein methods: implications
for clinical and cpidemiological applications Part 2. Clin Chem
2001;47:418-25.

{10} Roivainen M, Viik-Kajander M, Palosuo T, et al. Infections,
inflammation, and the risk of coronary heart discase. Circulation
2000;101:252-17.

(11] Tracy R, Lemnitre R, Psaty B, et al. Relationship of C-reactive protein
to risk of cardiovascular disease in the clderly: results from the
cardiovasculor health study and the rural health promotion project,
Atterioscler Thromb Vase Biol 1997;17:1121-7.

[12] Mande! M, Strachen D, Butland B, et al. C-reactive protein: relation
to total mortality, cardiovascular mortality and cardiovascular risk
factors in men. Eur Heart J 2002;21:1584-90.

[13] Ridker P, Cushinan M, Stampfer M, et al. Inflammation, aspirin, and
the risk of cardiovascular disease in apparently healthy men. N Engl )
Med 1997;336:973-9.

[14] Ridker P, Hennekens C, Buring J, et al. C reactive protein and other
markers of inflammation in the prediction of cardiovascular discase in
women. N Engl J Med 2000;342:836-43.

(15] Rost N. Plasma concentration of c-reactive protein and risk of
ischemic stroke and transient ischemic attack, The Framingham study.
Stroke 2001;32:2575-9.

[16] Ridker P, Cushman M, Stampfer M, et al. Plasma concentration of

C-reuctive protein and risk of developing peripheral vascular disease.
Circulation 1998;97:425-8.

[17] Crook M, Scott D, Stapleton J, et al. Circulating concentrations of C-
renctive protein and total sialic acid in tobacco smokers remain
wnchanged following one year of validated smoking cessation. Bur J
Clin Invest 2000;30(10):861-5.

[18] Ridker PM. Clinical application of C-reactive protein for cardiovus-
cular discase detection and preveation, Circulation 2003;107:363 9.

[19] Imhof A, Froelich M, Brenner H, ct al. Effect of alcohol consumption
on systemic markers of inflammation. Lancet 2001;,357:763-7.

{207 Albert M, Glyan R, Ridker P. Alcohuol consumption and plasma
concentration of C-reactive protein. Circulntion 2003;107:443 -7,

{217 Ford E. Does exercise reduce inflammation? Physical activity and C-
reactive protein among U.S. adults, Epidemiology 2002;13:561 -8.

{22} Smith J, Dykes R, Douglas J, ct al. Long-term exercise and
atherogenic activity of blood mononucleor cells in persons at risk of
developing ischemic heart discase. JAMA 1999;281:1722-7,

[23) Tracy R, Psaty B, Macy E, ct al. Lifetime smoking exposure affects
the association of C-reactive protein with cardiovascular discase risk
factors and subclinical disease in healthy elderly subjects. Arterioscler
Thromb Vasc Biol 1997;17:2167-76.

[24} Doll R, Peto R. Mortality in relation to smoking: 20 ycars'
observations on male British doctors. Br Med J 1976;2:1525-36.

[25]) Cmig W, Palomaki G, Haddow J. Cigarette smoking and serum lipid
and lipoprotein concentrations: an analysis of published data. Br Med
J 1989;298:784 8.

g

8 — R00099858_YPMED_1800



Plasma B-type Natriuretic Peptide Levels and Risk
Factors for Congestive Heart Failure in a Japanese
General Population

Toshie SEGAWA,' MD, Motoyuki NAKAMURA,' MD, Kazuyoshi ITAI,> PhD,
Toshiyuki ONODA,> MD, Akira OKAYAMA,' MD,
and Katsuhiko HIRAMORL,' MD

SUMMARY

This cross-sectional study was performed to establish the rationale for BNP testing for
identifying subjects at high risk of congestive heart failure (CHF) in a screening setting.

Plasma BNP concentrations were measured in 8,178 community-dwelling residents
(mean age, 62 + 12 years; 3,194 males). First, in order to determine age- and sex-related
reference values for plasma BNP levels, subjects having factors known to influence
plasma BNP levels were excluded. The remaining 3,410 subjects were eligible for the ref-
erence study. Second, to verify BNP testing for screening for subjects at high risk of CHF,
the clinical characteristics of subjects showing abnormally high plasma BNP levels (=
97.5 percentile for each age- and sex-specific value of the reference cohort) were exam-
ined.

In the reference subjects, plasma BNP levels increased with age in both genders, and
were higher in women than in men. In the original cohort, age- and sex-specific reference
values for high plasma BNP levels were related to the presence of major ECG abnormal-
ities, hypertension, mildly elevated serum creatinine levels, and a history of coronary
heart disease.

The results of the present study indicate that individuals with high plasma BNP levels
in the community have accumulating risk factors for CHF. This suggests that plasma BNP
measurement may be a useful screening test for identification of individuals at high risk
of CHF within a Japanese general population. (Int Heart J 2005; 46: 465-475)

Key words: Brain natriuretic peptide, Congestive heart failure, Screening test

Tue prevalence of congestive heart failure (CHF) is growing with an increase
in the mean age of the population. Once overtly manifest, CHF is an extremely
lethal condition associated with a very poor quality of life and prognosis. The
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mortality rate after the onset of CHF remains high despite recent advances in the
management of this condition.” Because most patients with CHF have several
modifiable risk factors,? it is important to target its preclinical stages and treat
known risk factors before the development of overt CHF. It is therefore essential
that a screening test be established to identify individuals at high risk of CHF
early enough to prevent or postpone progression to overt CHF.?

B-type natriuretic peptide (BNP) is a cardiac neurohormone secreted from
the myocardium in response to changes in intracardiac volume and pressure.*>
Plasma BNP levels are known to be elevated in patients with symptomatic left
ventricular systolic dysfunction®” and correlate to New York Heart Association
(NYHA) class as well as prognosis.>” In addition, irrespective of the degree of
left ventricular dysfunction, plasma BNP levels have been shown to be elevated
in patients with various cardiac disorders including previous myocardial infarc-
tion, cardiomyopathy, valvular heart disease, hypertensive heart disease, and
atrial fibrillation.%'*'® Tt is therefore possible that measurement of plasma BNP
levels might be a potential screening marker for identifying individuals with
asymptomatic CHF as well as those at high risk of CHF due to various forms of
structural heart disease.'*'

These suggest that plasma BNP levels might be elevated in subjects with
precursors of CHF and thus may serve as a useful predictor for new onset of CHF
in a screening setting in the general population. However, in the general popula-
tion, recent reports have shown that the plasma BNP level is affected by extracar-
diac factors such as estrogen,'® obesity,'” and genetics.'® In fact, median plasma
BNP levels in healthy subjects are clearly higher in women than men.'®'® This
may contradict epidemiological evidence indicating a higher prevalence of car-
diovascular disorders in men. These observations suggest that plasma BNP mea-
surement might not be an optimal marker with which to identify subjects at high-
risk of CHF in mass-screening. Although only one report, the Framingham study,
has shown that a subject group with plasma BNP levels in the highest third of the
range measured exhibited an incidence of CHF several times higher than that in
the lowest group,”® no studies have demonstrated whether plasma BNP is a sen-
sitive marker for subjects at high-risk of CHF and thus a predictor of new onset
CHF in the Japanese general population.

The objective of this cross-sectional study was to validate the hypothesis
that a high plasma BNP level is a useful marker of individuals at high risk of CHF
within the Japanese general population.
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METHODS

Study population: The Iwate-Kenpoku Cohort (Iwate KENCO) study was
designed to prospectively investigate the risks of CHF, acute myocardial infarc-
tion, and stroke in a general adult population in northern Japan.*? The sample for
the present investigation consisted of 8,178 participants (male; 2,906: female;
5,272) who participated in this cohort study between April and December 2002.
All participants gave written informed consent. The study protocol was approved
by the Ethics Committee of Iwate Medical University.

Baseline measurements: In the baseline examination, all participants underwent
routine anthropometrical measurement, an ECG, blood pressure measurement,
and laboratory assessment of cardiovascular risk factors including plasma BNP
levels. In addition, a self-administered questionnaire was used to ascertain family
history, symptoms, smoking habits, and medical history including the status of
drugs prescribed for hypertension, diabetes, hypercholesterolemia, stroke,
angina, CHF, and myocardial infarction. 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 minutes before measure-
ment. The average of 2 such readings was used for statistical analysis.
Hypertension was defined as systolic blood pressure > 140 mmHg and/or dias-
tolic blood pressure > 90 mmHg, and/or use of antihypertensive medication.
Body mass index (BMI) was calculated as weight (kg) divided by the square of
height (m?). Obesity was defined as a BMI = 25 kg/m? Diabetes was ascertained
either by patient self-reporting or the presence of a nonfasting glucose concentra-
tion > 200 mg/dL or HbAlc value = 6.5%. Renal dysfunction was defined as a
serum creatinine level = 1.2 mg/dL.

Plasma BNP measurement: Venous blood samples were drawn from the antecu-
bital vein with the participant resting in a seated position. The samples were col-
lected into ethylenediaminetetraacetic acid (EDTA) tubes. These tubes were
stored immediately in an icebox and transported to the central laboratory within
6 hours after collection, and centrifuged at 1,500 g for 10 minutes. After separa-
tion, the plasma was stored at -20°C before being assayed for BNP. A noncom-
petitive immunoradiometric assay based on a 2-site sandwich antibody system
(Shionogi & Co., Ltd.) was used to measure BNP levels. The intraassay and inter-
assay coefficients of variation were 5% and 6%, respectively. The lower detection
limit of the assay was 0.05 pg/mL.

Reference group: In order to demonstrate the distribution of plasma BNP levels
among subjects without evident cardiovascular disease, participants were
excluded for the following reasons: any type of ECG abnormality, including
- major and minor findings,*? hypertension (see above), history of coronary heart
disease (myocardial infarction and/or angina pectoris), diabetes mellitus (see
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above), renal dysfunction (see above), and cardiovascular symptoms such as dys-
pnea on effort, chest pain, chest discomfort, palpitations, and edema. After exclu-
sion of these subjects, a subgroup of 3,410 subjects (mean age, 57 years; 1,056
men and 2,354 women) remained and these were defined as “healthy subjects”.
Abnormal BNP and risk factors: Subjects whose plasma BNP levels were
greater than the 97.5 percentile point based on the reference group BNP distribu-
tion were designated as the “high BNP” group. To examine the relationship
between high plasma BNP levels and several clinical characteristics, univariate
and multivariate logistic regression analyses were used in the original cohort (n =
8,178). In addition, to elucidate whether this relationship was identical or not in
the elderly population, a similar analysis was performed after exclusion of sub-
jects under 65 years of age.

Statistical analysis: Data are presented as the mean * SD. Differences between
groups were determined by one-way ANOVA or 3* analysis when appropriate.
Plasma BNP was logarithmically transformed for statistical analysis. SPSS soft-
ware (Chicago, Illinois, USA) was used for statistical analysis. A significant dif-
ference was defined as P < 0.05.

RESULTS

All participants: Plasma BNP levels were found to range widely, with a distribu-
tion skewed towards lower levels (data not shown). The minimum value was less
than 0.05 pg/mL in both genders, and the maximum values were 1,280 pg/mL in
males and 510 pg/mL in females. A small proportion of subjects (8.7% of males
and 6.0% of females) had BNP levels below the limit of detection.

Table I presents the coefficients of correlation in simple linear regression
analysis between plasma BNP levels and several clinical variables for all partici-
pants. The variable related most significantly to plasma BNP level was age in
both genders.

Healthy subjects: The clinical characteristics of 3,410 healthy subjects (1,056
males and 2,354 females; age, 56.7 + 11.6 years) are described in Table II. The
median value of plasma BNP was 7.6 pg/mL in males and 12.1 pg/mL in females.
The median plasma BNP level increased with age in both genders, and was higher
in females across all age groups. The 97.5 percentile of BNP levels in the four 10-
year age groups (40-49, 50-59, 60-69, and 70-79) were 26.3,37.2, 64.9, and 72.4
pg/mL in males, and 40.5, 44.5, 61.8, and 77.0 pg/mL in females, respectively.

Factors contributing to high BNP levels: Subjects with plasma BNP levels = 97.5
percentile of the gender-age referenced level were designated as the high BNP
group (n=704). Using univariate logistic regression analysis, we tested the asso-
ciations between each clinical parameter and the high BNP group to evaluate
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Table I. Correlation Among Log BNP and Other Clinical Variables in all

Subjects
Variable Males (n=2,906) Females (n=5,272)
Age (years) 0.427 031"
Systolic BP (mmHg) o011 - 0.13"
Heart rate (bpm) -0.19" -0.15"
Pulse pressure (mmHg) 0.17" 0.15™
Body mass index (kg/m?) -0.06™ -0.03"
Hemoglobin (g/dL) -0.20" -0.08™
Total protein (mg/dL) -0.11°° -0.08"
Serum creatinine (mg/dL) 0.08" 0.12*
Total cholesterol (mg/dL) -0.14™ -0.02"

‘P<0.05, TP<0.01

Table II. Mean Values of Several Clinical Characteristics in Reference

Subjects
Characteristic Males (n=1,056) Females (n=2,354)
Age (years) 57.2%13 56.7+11
Body mass index (kg/m?) 23.3+27 233+%3.0
Systolic BP (mmHg) 117+£12 113+ 13
Diastolic BP (mmHg) 71+£8 67%8
Heart rate (bpm) 7110 73£10
Serum creatinine (mg/dL) 0.80+0.12 0.62+0.10
Total cholesterol (mg/dL) 196 £ 34 205+33
BNP (median: pg/mL) 7.6 12.1

clinical factors contributing to high plasma BNP levels (Table III). In both gen-
ders, hypertension, major ECG abnormalities, and mildly elevated serum creati-
nine levels were associated with high BNP levels (all, P < 0.05). The correlation
between high plasma BNP and history of coronary heart disease was evident only
in men (P < 0.05). Multivariate logistic regression analysis was performed to
examine independent clinical factors contributing to high BNP levels (Figure 1).
In males, hypertension (P < 0.01), major ECG abnormalities®” (P < 0.01), history
of coronary heart disease (P < 0.01), and mildly impaired renal function (P <
0.05) were independently associated with high BNP levels. Apart from the his-
tory of coronary heart disease, similar trends were found among females (hyper-
tension, P < 0.01; major ECG abnormalities, P < 0.01; mildly impaired renal
function, P < 0.01). No correlation was found between obesity and high plasma
BNP levels in either gender.
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Table IT1. Univariate Logistic Regression Analysis of the Rela-
tionship Between Clinical Parameters and High BNP Levels

Males Females

Odds ratio(95% CI) Odds ratio (95% CI)

Hypertension 1.85 (1.42-2.42y 2.26 (1.87-2.72)
ECG abnormalities  8.55 (5.62-13.0) 4.31(2.77-6.70)
History of CHD 3.24 (1.79-5.83)  2.04 (0.99-4.20)
CREz 1.2mg/dL 359 (1.43-4.55) 5.59 (2.35-13.2)°
Diabetes 1.02 (0.61-1.68) 1.34 (0.89-2.03)
Obesity 1.02 (0.77-1.35) 1.02 (0.84-1.24)
Smoking 0.89 (0.68-1.17) 0.56 (0.30-1.04)
*P<0.05

CHD = coronary heart disease; CRE = serum creatinine.

A B

Hypertension ——e— Hypertension —o—
ECG abnormalities — 8 ECG abnormalities ——
History of CHD — History of CHD —T 8
CRE = 1.2 mg/dl — —~ CRE = 1.2 mg/di ®
BMI 2 25kg/m2 —e——— BMI 2 25 kg/im?2 —e——
f T T T T H T T ] T T T T T T 1 T | ] T T T 1 T T T H 7 T ¥ T T T H T [
0.1 1 10 0.1 1 10
QOdds ratio {95% confidence interval) QOdds ratio (95% confidence interval)

Figure 1. Multiple logistic regression analysis of independent determinants of high plasma BNP levels in males (A) and females (B).
CHD = coronary heart disease; CRE = serum creatinine.

Age greater than 65 years: We also tested independent clinical parameters con-
tributing to high BNP levels in elderly patticipants (age = 65). Abnormally high
plasma BNP levels (= 97.5 percentile of the age-sex referenced level) in healthy
elderly subjects were almost the same in both genders (males, 74.0 pg/mL,
females, 74.2 pg/mL). We therefore used 74 pg/mL as the cut-off level for abnor-
mally high plasma BNP in elderly subjects. Using multivariate logistic regres-
sion, we found that major ECG abnormalities (odds ratio, 7.0; 95% CI, 4.17-11.8;
P < 0.01), history of coronary heart disease (odds ratio, 2.0; 95% CI, 1.02-4.05;
P < 0.05), mildly impaired renal function (odds ratio, 1.9; 95% CI, 1.01-3.78; P
< 0.05), and hypertension (odds ratio, 1.6; 95% CI, 1.15-2.28; P <0.01) were also
independently associated with high BNP levels in elderly males. In females, high
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Figure 2. Median plasma BNP [evels and number of heart failure risk factors.

serum creatinine (odds ratio, 5.3; 95% CI, 1.89-15.1; P < 0.01), major ECG
abnormalities?” (odds ratio, 4.7; 95% CI, 2.74-8.24; P < 0.01), and hypertension
(odds ratio, 1.5; 95% CI, 1.15-2.28; P < 0.01) were independently correlated with
high BNP levels.

Number of CHF risk factors and BNP: Figure 2 shows the relationship between
median plasma BNP levels and the number of risk factors contributing to CHF by
gender. Risk factors for CHF were assumed to include advanced age (= 65 years),
hypertension, history of coronary heart disease, mildly elevated serum creatinine
level, major ECG abnormalities, smoking history, diabetes mellitus, and obesity.
The median plasma BNP level in males was 6.7 pg/mL with no CHF risk factors
and 33 pg/mL with five or more risk factors. In females, as in males, the accumu-
lation of risk factors increased plasma BNP levels from 12 pg/mL with no risk
factors to 28 pg/mL in the group with multiple risk factors.

DISCUSSION

To the best of our knowledge, this is the first study to provide cross-sectional
data in relation to CHF risk factors and plasma BNP levels in a Japanese commu-
nity-based population. The main findings of our study can be summarized as fol-
lows. First, median plasma BNP levels in a healthy population increase with age
and are higher in women. Second, in the adult general population, major ECG
abnormalities, hypertension, history of coronary heart disease, and mildly ele-
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vated serum creatinine were significant independent variables associated with
age- and sex-specific high plasma BNP levels. Third, median plasma BNP levels
increase in proportion with the number of established CHF risk factors. The
present study therefore demonstrated that, in a general population, subjects with
age- and sex-specific reference values for high plasma BNP levels are likely to be
at high risk of CHF.

Importance of identification of CHF high-risk subjects: Previous reports have
suggested that plasma natriuretic peptide measurement is useful for identifying
patients with left ventricular systolic dysfunction within a general population”*%
and for predicting patients with reduced left ventricular function from among
high-risk patients.” In addition, plasma natriuretic peptide testing has been
reported to have high sensitivity and specificity for the identification of true CHF
among patients suspected of having CHF in a primary setting.?® These observa-
tions indicate that plasma BNP measurement may be a helpful aid in the diagno-
sis of CHF. However, no information is available concerning the utility of plasma
natriuretic peptide measurements for screening subjects at high risk for CHF in
the Japanese general population.

Since there is a growing clinical interest in subjects at high risk of CHF, as
evidenced by its inclusion in a new staging system for CHF,*” it would seem
important to establish a new method for screening subjects with accumulating
CHF risk factors or with asymptomatic structural heart disease [stage B in the
2001 ACC/AHA guidelines for CHF??] from within large populations. In fact,
several reports have shown that effective treatment of hypertension decreases left
ventricular hypertrophy, which is known to be a risk factor for CHF.?**) The
treatment of asymptomatic patients with diabetes or vascular disease using angio-
tensin-converting enzyme inhibitors has yielded significant reductions in the
prevalence of CHF.3**) Given these considerations, it is important to identify
CHF high-risk subjects with asymptomatic structural heart disease who will be
prone to develop overt CHF. The present study is the first to demonstrate a rela-
tionship between plasma BNP levels and CHF risk factors in the general popula-
tion, and to suggest that in a screening setting age-and sex-specific referenced
high plasma BNP levels may serve as a marker for subjects with an accumulating
risk of CHF.

Age-gender and plasma BNP levels: Among healthy subjects, plasma BNP levels
increase with age and are higher in women than in men. Similar trends have been
observed previously.!®!® These findings suggest that we should include consider-
ation of the effects of age and gender in the interpretation of plasma BNP results.
There are several possible explanations for the observed difference in median
plasma BNP levels between genders. In healthy subjects, median plasma BNP
values were higher in women in all age groups. Redfield, et al reported that there
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was a relationship between hormone replacement therapy and increased plasma
BNP levels in women,'® suggesting an influence of estrogen. Other investigators
have reported that women had significantly higher left ventricular end-systolic
elastance and lower passive diastolic compliance compared with age-adjusted
men.’?3?) These left ventricular biomechanical characteristics in women may
stimulate BNP production from the heart,*” giving rise to the difference in plasma
BNP levels between the sexes.
Clinical implications: Echocardiography may be one of the most important tech-
niques for screening for asymptomatic structural heart disease with high CHF
risk. However, given the cost and resources necessary to implement standard
echocardiographic screening in the general population, it would not be practical
to employ this technology. If a reliable biomarker could be established, early
intervention would become possible. This would make it possible to limit the pro-
gression to overt CHF, resulting in a significant improvement in outcomes for
CHF. Plasma BNP measurement is relatively inexpensive and BNP can easily be
assayed without radioisotope labeling. In addition, plasma BNP has been
reported to be relatively stable after storage at room temperature for several
hours.?® Tt follows, therefore, that plasma BNP testing may be a candidate bio-
marker for screening for subjects at high risk of CHF.
Limitations: The present study may have failed to detect some subjects with
asymptomatic cardiac disorders as echocardiography was not performed in the
baseline examination, and the reference values might be biased. However, to
obtain the reference level we carefully excluded participants with hypertension,
any type of ECG abnormality, previous myocardial infarction, mildly impaired
renal function, cardiovascular medications, and cardiac symptoms. It therefore
seems unlikely that this bias may have significantly affected our findings.
Because our population was a sample from a multiphasic health checkup,
the data presented here need to be interpreted with some caution due to selection
bias. However, the present study covered more than 20% of the age-matched pop-
ulation in the area. Moreover, there were very few differences in the frequency of
hypertension and history of stroke, and in the distribution of plasma total choles-
terol, random blood glucose levels, and body mass index between this cohort and
data from a recent national health survey conducted in a randomly selected adult
population.®® These findings suggest that the selection bias in our study may have
been limited. We could not find any association between high plasma BNP levels
and history of coronary heart disease in females. This may be explained by the
small number of female subjects having a history of coronary heart disease
(females: 1.0%, males: 2.4%), especially myocardial infarction. This would mean
that the statistical power to detect a significant association in this context may
have been limited.
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In conclusion, this community-based study has demonstrated that age- and

sex-specific reference values for high plasma BNP levels indicate an accumula-
tion of CHF risk factors. This suggests that plasma BNP measurement may be a
useful screening test for identifying individuals at high risk of CHF within a Jap-
anese general population.
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ALT u/L 0-39 JSCCHAEL R I & H317700
Y GTP u/L 0-74/0-49 JSCCHREL M IG5k B3r7700
ALP u/L 120-389 JSCOIREL M IGE H3I7700
CHE u/L 100-239 7 B 317700
T-bil mg/dL 0.2-1.1 22 95 B 317700
TP g/dL 6.4-8.2 Pa—Lwvbik H 37700
Alb g/dL 4.0-5.1 BCGj% B3L7700
Cre me/dlL 0.5-1.0/0.3-0.7 Mt A 37700
UA mg/dL 4.0-75/2.7-54 HUh—H - R F A~k H3I7700
TC me/dL 130-219 [5:237 S B317700
TG mg/dL 40-239%% BHRLLEE H3Ir7700
HDLC meg/dL 40-99 E—bPal AT AN HDL H317700
LDLC mg/dL 0-139 F—ibE H317700
Ik {E mg/dL 60—139%% ~NFYXF—Huvik E 317700
HbA;, % 4.0-54 HPLC& p—)—HJC~723G7
M EREGRIE
RBC x10%/ L 400-579/350-549 L—270—DCH % LAAYH A SE-800
Hb me/dl.  13.6-17.9/12.0-16.9 SLSAES e ik LRAYH A SE-900
Ht me/dL  41.0-53.9/36.0-51.9 FRIER/ LK B ERRH & DAAYG R SE-900
FOMD (AT —hH—
hsCRP mg/L il ik Dade Behring Immmunonephelometer 11
BNP pe/mL BEERE7VEE ShionoRIA BNP kit
RPNIZ me/L R AE Dade Behring Immmunonephelometer I
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FRLI8EEI2H & FOHERS

PEHIE9OmmHg ML k¥ 72 i BEEENRB OF
EEFR L, HEIRFIE, HEFILEEAT200me/dL
PAEF 7213 HbALclEL6.5% Ll b F 7 I3 HE R R 3
*ARTOEEERE L, BIRMER, MERZ
VAT O — VEH220mg/dLEL L, F7-3HDL2
L A5 0 — VEH40mg/dLEK F 7213 5 5 UE
ERAFOH L L, MIFRILTH A Z L0,
EHREBICPHEIHMERED R o7z, FHKE
FGEAS AU EREL T A, BatilE il
EOREBIELFL, o, A5 HRBOKEE
CEFE LI, EHEIEE, 1B EOER %
Bz 8 EfToTwab I b EE LI, RinE
1%, BMIAS25LL Lo % BERE RS, BMIAT30L.
EoF L EEREE L ERL,

BEECRPORATIZH /2, 10meg/LEL LD
FRLEE, BWXESE L U CHEERE
(apparent inflammation) %#3#F2o&F & L7727, H
Mook EsS%E & LT, BNPEDS0pe/
mLLL L #BNPEEEER LAY o RIFET VTR
VIEHAB0me/g D EOBEEBEHT VT Y
R (Macroalbuminuria), K& 7 V7 3 VEEDS
30mg/gll L Th0300meg/gkix ET VT I
VIREEBZFLIY P

BEF R AT

FHISE O B OB AT, BEME6AT2HH T
FlrEEEEOSNE (4EIL4LIH) Xow
T, BHE4EROBIREET (FHEHHE3S8
) PHT L7z BIFREOARE, EREHF
I L AT - BEOILIE, MEHRERSHE
2 &3 ZERIBOMERBE OSBILE, (RE
FHERSREEIC L 2 TR MIBO LR EEF,
LAREBRE, RRFCHEEE, P/ #E
HINEI L 2 RN ERCEDOIEETH B, K
T, “FEHEENE ORIETE, MEFRRAE
ARG S T Uiz, 7o, FIChES
RERTHNEREL RV -EOY A ERE R
WA HBT, BEEOERKI6CEY EThRBR
O, EHRIEE (BES, LHEE LFE) O
BELESRVE, EN#ED L VIEIRORE

18K - B2 T 29

PRI TOWRWEENRE LTHRITETo 72, B
WA, AERE, MEPRER, ERELR
BIRHEEH TEVWSH L Z 06, BUTEAAT
Zhih, BEAFeEBRIECTFELRZNE
JHEL, '

IREHRRAR F ik

BRI BT, WREBOEREHRO LT
CRtREL, EHRSCHEEORBICIE v *RiRE %
Bz, 3B EOEIIE—TTRESTEITV,
% & 2 i3 Bonferronit: & Fl v 72, FEIEESA
¥ EBEBILOWTHE, @H/ VST A M) v
#E (Man-Whitney URRZE % Kruscal Wallistk%)
Bz,

BIRAE CIREFSTOFEL A, EEERIC
X 2 AERTRE\CIEIRI604E O BARANFEE AL X H
WV, TUYTFUAYY o VERRAWTHRELS, £
BRI LDEFSITIE, Cox® AN —
FETFVERWT, VA7 EROBREIIENY—
FHlbE 2 DIBREBRXMEEEI Lz, pEIET
e TEIR L, 005% KM% o TREITNAE
Waid B EHIWT L7z T 7 FIESPSS version
110] %V,

® R
F2AIMER - SEIRPEBRG DX R E O BERFE
H—H 45 - MRAEER - BILEERRE -
R A TRE - BIRMERRE - ORI -
PERBAE—%RT, CORTREINIEELED
BREZ, BRLDEROBERETCRR, &
EEIBMZ TRONTEREEICL TS, 805k
FKFoBciE, BMI, IUEHAME, HbAlcl
NVIEERIFBVIIEE 2o TB Y, FlERE
BRFELERFEREDERPBIIEE P72,
BEIRMAEA FEE, 0 EOBMETIE L DEH
AR THI0%/HET, ZHTE, 50U Lol
TAO% BRI TH - 720 JEMHEDOE AL, BMI2SLL
FOBERREE, Bl bIi35%Hi%, BMI30
Pl ERimE 3 BE55%, X3.0%Th o7,
BELEHEOEHEIERIE R 513LE ko
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30 EFRERE

T, —HEEREEOEEE, BHETIE80m
RBOETOERTS HHETH o2 L,
IR ER DT 2 21 EEERHE A K
Pole, BLLDIHERBEEEGIFRL S
72D TH o /oo RWFEBINE O LAGEZERL
A, MEPEAEEIE L %RETHY), HAA
ERENSE LI HHEL VRO TH D, T3,
KRS MEVRLZLEEZNRELTE L
o, —REROFTD, HBEMEELZEIFLY
ZLZFL, BREFH- T EIL LT
VAR E B L TWATEEMED D %,

F3, ZMBEBOLEBEICEEST 5 ERREE
B ERBBERINCR L DO TH S, S0RERN
DBEHEOBRBRIIS0O% B TBY, KRR
oI OB IIIEF 1T I OBER I3 £
T 3 %A LR, 20 DBEERIZ20% % 8 2
TBY, 30 LEOREERLISR LD THY,
EVIEOBRBREIENZ EFMBETH L, BS
B LRSS % G R 2B 030487 5 504X
T50% % B Tz, B 8ELULEDEHBE T
2% (H2ERECEHEELFHOE) OHlald
BHT172%, H106% T, 304 550{L 0@
EED OB L TILEHTEEFOESIT10%KMN
R, D LAORLBETE > o 72,

F4F, FERECLoTEONIERE, #
B - RIS EERLIbDTH B, 12
MECE - TRE - okt o 3 REERIE, 1H
Hiz) OERE (g/day) 2RTEEDIZ, BA
0y —EREICHED S5EE (% of total energy
intake) DHFEITo TV 5B, AWFESINE O A
o) —ENB BN TE L %2500keal, HETH
£ Z1800kcal TH V), WHEDTOREKM OB ME T
i, ERTEVIEEER I O) - BETH o,
ARFFEEMNE FEEENENIEE ICL VO P
THhb, BEETERY LosEOAEENE
EHEIL15g/ B 2B 2 Tz, T TIHE0REL
FCFHEREN13g/BEBL Tz, 72
BRI EMME <, SRS IR ERIEAL
HEFSODHFHTH L, SRFRIHERERILE
EBEEOFHH 6 %, ZHETT%THY, ZHF

BI8E - H2H

ERI8EI2A

PR ERIE R LR (I B DA 6 %, WHET
7% CH o7z, nb6/n3BRULEIMENZ LD
ZOMRSMBEOFKHTHY, BHTI3, «ik
T34 TH o 72H &L b FENHANIT En-6/n-338HL
kRIS, -7,

ESBHLWFREFLLTCEESRTWA3
HEHOW - FRHERNTFHEEZRL TS, B
FECRPOBIEE, MG D fEREREE LT
HOWRRET, BUHOBE ORI (systemic
low-grade inflammation) % &HMli§ 5 Z & iZ{fEb
n, BIIREACEDEBEL 26 TIC2DFHRED
BB OWTEDEL LR TV LTI TH b,
REWET VT I VlERE, BEECT VT I VIR
BHLN TR WERAZB VT, BIREED
BELZLTICZOTHE DBEIIDWTCRPEF
BL{Bwbhsv—%THb, —BNPH,
AEDEFEE L I (BT LI LRSI, —fF
BEATOMEIIZODVTEH TV ERL TR,
ERE3 =4, EREREHORNFE THRA L
DEERFHREDBEEVOVWTES (R ENT
7205, BEAR T LICEEE TOSHOME
EHENfThh Ty, KFFE/HRTIE, L
3T—MFEHEEbICERL, BNPICELT
W, EHEZEO LAY RBOL A v bF 7R A
¥ M T 530pg/mL50pg/mLid, 70U LD
SHREIEIAREY TH D Z LVTRREND,

F61x, - ERHNOLENBARELRLT
Wa, LEMBVERTRZ X, Bl bIiz30finrs
OO, BLLbIZFEHIE L DITHEREI LA
L, BHOBEREFEOFEHBERTLE . Bl
D LEMEIEREIZS0TH 1 %, 60{ET3 %,
TR L85 B TH o7, WHEIFENEN02Y,
05%, 14%, 3% ThHolz, BEBEHRRALT
NS NI EREARB G MEN A R I, AR
FEmE O CEMBEREIEDP 72,

KT, ZPFBBOBHFREFREONT, &
PO - R OMEBEBRIRBERTH 5, D
M c oML - AP REE (/1000 A4F)
BEhFh, BHTT4, 69THY, T3,
38THolz, ZF Ml AR CHEMmAE T
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