
1. Introduction

The major cause of deaths in Japan is in order of
malignant neoplasm, cardiovascular disease, and
cerebrovascular disease. Cardiovascular disease
accounts for about 30% of the cause of death1).

Hypertension, lipids abnormality symptom, diabetes
mellitus and obesity are known as a risk factor of the
cardiovascular disease. In late years, however, inflam-
matory contributes for developing cardiovascular
disease and it has been recognized that the inflam-
mation is one of the risk factors of cardiovascular
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Summary The study about the relationship between serum hsCRP value and the cardiovascular

disease has been few in Japan and its relationship is uncertain yet.  The aim of the study is to

clarify the relationship between serum hsCRP value and Framingham Risk Score (FRS) as a forecast

score of the coronary artery disease by using basics medical checkup data.  We divided a subject into

following five groups according to serum hsCRP: ''Low'' as 0.01-0.06 mg/dl, ''Mild'' as 0.07-0.11 mg/dl,

''Moderate'' as 0.12-0.19 mg/dl, ''High'' as 0.20-0.38 mg/dl, ''Highest'' as 0.38-1.50 mg/dl.

Results as follows: As the relationship between serum hsCRP and FRS, higher group of serum

hsCRP value showed higher FRS, and ''Low'' and ''Mild'' group were significance differences with other

three groups.  Groups of serum hsCRP 0.12 mg/dl over showed high risk of the coronary artery disease

as FRS≧6 by logistic-regression analysis.

The result of present study suggested that serum hsCRP value was associated with a risk factor of

the coronary artery disease for men and women.  Serum hsCRP value showed a relationship with the

FRS as well as a coronary artery disease-related factor.  As known the inflammation is a new risk factor

of the coronary artery disease, serum hsCRP value could be a representative test value to show episode

risk of the coronary artery disease.
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disease.
The inflammation contributes to not only

arteriosclerotic progress but also destabilization of
the plaque. Thus the inflammatory marker attracts
attention as a predictor of the cardiovascular disease.
In an inflammatory marker, hsC-reactive protein

(hsCRP) generated with liver is known as the superior
inflammatory marker because it is a worldwide
standardized method for measurement, no individual
difference prescribed by heredity and possible to
long-term conservation2).
Large-scale epidemiologic studies such as

MONICA Augsburg Study3-5), Helsinki Heart Study6, 7),
reported that the hazard ratio of the cardiovascular
disease was higher in the group showing high level of
serum hsCRP compared with in the low level group of
serum hsCRP. The epidemiologic studies about the
correlation with the risk factor of the cardiovascular
disease and  serum hsCRP value have been conducted
in Europe and U.S.
However, the study about the relationship between

serum hsCRP value and the cardiovascular disease has
been few in Japan and its relationship is uncertain
yet. The aim of the study is to clarify the relationship
between  serum hsCRP value and Framingham Risk
Score (FRS) as a forecast score of the coronary artery
disease by using basics medical checkup data.

2. Methods

1. Subject
The subject is 12,004 participants of the basic

medical checkup performed in Habikino City, Osaka
(3,759 men, 8,245 women).
8,682 (2,624 men, 6,058 women) who had basic

medical checkup and satisfied following condition
were analyzed.
1) Age: aged 40 through 74 year-old.
2) serum hsCRP value: less than 1.5 mg/dl.
3) No deficit in oneself-style diagnosis question
naire and FRS was calculated.
4) There were no cerebrovascular accident, history
of previous heart disorder and doubtless.
The protocol of this study was approved by the

Institutional Review Board Osaka Prefecture

University.

2. The basic medical checkup: 
The designated medical doctors in the Habikino-

city conducted drawing blood and a standard medical
examination. The previous medical history, a drinking
situation, the smoking status were asked by oneself-
style medical interview sheet.

3. Measurement parameter
1) BMI
BMI was calculated by height and weight.
BMI = weight (kg)/ height (m)2.

2) The measurement of the blood test value
The blood sampling was taken by hungry state. 5

ml was collected from an elbow vein and 2 ml was
anticoagulation with K2EDTA. Then it was used for
the measurement of the blood count.
The total items were 25 items such as a total

white-cell count, blood platelet, total protein, alkaline
phosphates, serum hsCRP value in addition to the
inspection items were 11 items which were measured
in the health-care service for elderly.
The serum hsCRP value was measured by high

sensitive CRP by latex immuno-nephelometry.
The measurement results were accumulated and

compiled into a database by Habikino City govern-
ment through medical institution.

4. Statistical analysis 
Subjects were divided by age and BMI and

compared of serum hsCRP value by age and BMI
differences. The seven groups divided by every 5
years old and two groups divided by BMI ＜25 and
BMI ≧25. The association of serum hsCRP value
and the coronary artery disease was analyzed using
serum hsCRP evaluation method by Ridker8).
Ridker8) evaluated using following five groups:

''Low'' as 0.01-0.06 mg/dl, ''Mild'' as 0.07-0.11 mg/dl,
''Moderate'' as 0.12-0.19 mg/dl, ''High'' as 0.20-
0.38mg/dl, ''Highest'' as 0.38-1.50 mg/dl.
In this study, the association of serum hsCRP

value and FRS was analyzed by these five groups.
The FRS (Framingham Risk Score) was calculated

from age, Total cholesterol (T-Cho), HDL-choles-
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terol (HDL-Cho), systolic blood pressure, high blood
pressure treatment exists, whether or smoking habits
based on a score list of Coronary Heart Disease (10-
year risk) of Framingham Heart Study.
The statistical analysis conducted student t-test,

one-way analysis of variance and logistic-regression

analysis by using Macintosh Stat view Ver. 5.0
Computer Program (SAS Institute Inc., Berkeley,
USA). In addition, the significance level was P<0.05.
Serum hsCRP was not normal distribution, was
performed a logarithmic transformation
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Table 1 Characteristics of subject

Table 2 Standard coefficient of regression between serum hsCRP value and 
coronary artery disease related factor



3. Results

1. Characteristics of the subject and distribution of the
serum hsCRP value
The average age of analysis subjects was 62.6±8.4

years old of male and 61.0±8.4 years old of female.
Characteristics of subject showed in Table 1.
Figure 1 showed distribution of the serum hsCRP

value.
Median was 0.1 mg/dl (estimated median was

0.1019 mg/dl, 0.1083 mg/dl of male and 0.0992 mg/dl
of female).

2. The relationship between serum hsCRP value, age

and BMI
The relationship between serum hsCRP value and

age showed in Figure 2. The serum hsCRP value
went up when age elevated. Men showed slightly
high value but the mean of serum hsCRP value of men
and women was less than 0.2 mg/dl which was ceiling
reference value in all age divisions.
The relationship between serum hsCRP value and

BMI showed in Figure 3. The serum hsCRP value of
BMI ≧25 group was higher than BMI ＜25 group.
There was significance difference in each age division.
BMI ≧25 of 50-54 years old men showed that serum
hsCRP value exceeded a ceiling reference.
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Table 3 The relationship between serum hsCRP and FRS

Table 4 Odds ratio of high-risk of the coronary artery disease(FRS ≧ 6) differences of eachserum hsCRP groups by
logistic regression analysis



3. The relationship between serum hsCRP and
coronary artery disease-related factor 
Standard coefficient of regression between serum

hsCRP value and coronary artery disease related factor
showed in Table 2. Serum hsCRP value and age,
BMI, systolic blood pressure, diastolic blood pressure,
triglyceride, a total white-cell count, alkaline
phosphatase, gamma glutamyl transpeptidase (γ-GTP),
and glycosylated hemoglobin A1c (HbA1c) were

positively correlated, and serum total cholesterol,
high density lipoprotein cholesterol, albumin were
negatively correlated.

4. The relationship between serum hsCRP value and
FRS 
Mean FRS of all subjects was 6.4±3.9. The

standard regression of serum hsCRP value and the
FRS was r=0.121 (P<0.001) (Table 3).
Figure 4 showed the mean FRS (point) by serum

hsCRP groups. Serum hsCRP value of ''Low'' and
''Mild'' groups showed significantly lower than other
three groups.
Table 4 showed Odds ratio of high-risk of the

coronary artery disease (FRS ≧6) differences of each
groups by "Low" group with criteria. Other four
groups showed higher value of ratio compared of
''Low'' group.
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Fig. 1 Distribution of the serum hsCRP value in 12,001
participants of the basic medical checkup 
perfomed

Fig. 2 The variation of mean serum hsCRP by age 
group 

Fig. 3 Comparison between mean serum hs CRP value
of BMI <25 group and BMI≧25 by age groups.
*: P＜0.05, **: P＜0.01, 
***: P＜0.001: student t-test

Fig. 4 The mean FRS(point) by serum hsCRP groups.
***: P＜0.001: One-way analysis of variance



4. Discussion

Previous study reported that hypertension, lipids
abnormality symptom, diabetes mellitus and obesity
were a risk factor of life-style related diseases, but
there were some cases that myocardial infarction
develops without these risk factors. In late years,
serum hsCRP value was known a new risk factor of
the cardiovascular disease.
Large-scale epidemiologic studies have reviewed

the forecast efficacy for the cardiovascular disease
of the serum hsCRP value in Europe and America.
However, there are little studies about relationship
between  serum hsCRP value and the cardiovascular
disease in Japan.
Therefore this study analyzed the relationship

between serum hsCRP value and FRS which was the
a forecast score of the coronary artery disease by
using basics medical checkup.
As mean serum hsCRP value in this study was

lower than these of Europe and America and the
distribution distorted it in the left. Nakamura et al.
reported that Japanese basic ceiling value of serum
hsCRP was 0.2 mg/dl9). In the Hisayama study, repre-
sentative large scale epidemiologic studies, reported
that the cutoff value of the serum hsCRP value as
high risk of the coronary artery disease was 0.1 mg/dl
and reporting10).
Moreover, subjects for higher age and BMI

showed higher serum hsCRP value. Yamada et al
reported that men of serum hsCRP value showed
higher than women. There were showed positive
correlation with age, systolic blood pressure, diastolic
blood pressure, serum triglyceride, BMI and negative
correlation with high density lipoprotein cholesterol11).
Present study showed a similar result that there were
significance negative correlation with serum high
density lipoprotein cholesterol and the serum albumin.
Even though previous study reported that serum
hsCRP value and serum albumin showed positive
correlation12), present study showed negative correla-
tion with serum hsCRP value and serum albumin
level. The result in present study could be caused by
changes of the protein synthesis pattern of stem cells
from the inflammation cytokine under inflammation

state.
As the relationship between  serum hsCRP and

FRS, higher group of serum hsCRP value showed
higher FRS and ''Low'' and ''Mild'' group were signif-
icance differences with other three groups. CRP-H
group showed high risk of the coronary artery disease
as FRS≧6 by logistic-regression analysis. Otuka et
al.13) reviewed that odds ratio of FRS ≧6 was 6.97 in
upper quartile of serum hsCRP value compared with
lower quartile for a 40-59-year-old man. Although
there was difference with sex, age in this study
subjects, the result showed similar in this study. The
result of present study suggested that serum hsCRP
value was associated with a risk factor of the coronary
artery disease for man and woman. Serum hsCRP
value showed a relationship with the FRS as well as a
coronary artery disease-related factor. As known the
inflammation is a new risk factor of the coronary
artery disease, serum hsCRP value could be a repre-
sentative test value to show episode risk of the
coronary artery disease.
However, this study cannot mention the forecast

efficacy of the coronary artery disease because the
result in this study showed relationship between serum
hsCRP value and the coronary artery disease by cross-
sectional analysis. The future study using serum
hsCRP value should consider about the personal
dosage situation and percent of body fat because the
statin of pharmaceutical used for lipids abnormality
symptom affects inflammation suppression effect14),
Serum hsCRP -lowering effect15), CRP production by
fat cells. This study suggested that serum hsCRP
value is possibility a predicted marker of the coronary
artery disease. Thus, future study needs examination
about the forecast efficacy of serum hsCRP value by
the large scale cohort study.
In conclusion, the results of this study suggest

that the measurement of the serum hsCRP value is
significant for prevention of arterial sclerosis and the
coronary artery disease.

References
１) Ministry of Health, Labour and Welfare: Monthly Vital
Statistics Report in 2006, 2006.

２) Takahashi H: High sensitive C-reactive protein: hs-

Journal of Analytical Bio-Science

－ 329 －



RP. Thrombosis and clirculation, 12: 213-216, 2004.
３) Koenig W, Löwel H, Baumert J, Meisinger C: C-
Reactive Protein Modulates Risk Prediction Based on
the Framingham Score: Implications for Future Risk
Assessment. Circulation, 109: 1349-1353, 2004.

４) Jeppesen J, Hansen TW,Olsen MH, Rasmussen S, Ibsen
H, Torp-Pedersen C, Hildebrandt PR, Madsbad S: C-
reactive protein, insulin resistance and risk of cardio-
vascular disease: a population-based study. Eur J
Cardiovasc Prev Rehabil, 15: 594-598, 2008.

５) Koenig W, Sund M, Frohlich M, Fischer HG, Löwel H,
Döring A, Hutchinson WL, Pepys MB: C-Reactive
protein, a sensitive marker of inflammation, predicts
future risk of coronary heart disease in initially healthy
middle-aged men: results from the MONICA
(monitoring Trends and Determinants in Cardiovascular
Disease) Augsburg Cohort Study, 1984 to1992.
Circulation, 99: 237-242, 1999.

６) Roivainen M, Viik-Kajander M, Palosuo T, Toivanen P,
Leinonen M, Saikku P: Infections, inflammation, and
the risk of coronary heart disease. Circulation, 101:
252-257, 2000.

７) Timo E, Strandberg; Reijo S, Tilvis: C-reactive protein,
cardiovascular risk factors, and mortality in a prospec-
tive study in the elderly. Arterioscler Thromb Vasc
Biol, 20(4): 1057-1060, 2000.

８) Ridker PM: High-Sensitivity C-Reactive Protein
Potential Adjunct for Global Risk Assessment in the
primary Prevention of Cardiovascular disease.
Circulation, 103: 1813-1818, 2001.

９) Nakamura H, Yamashita T: Predictive value of cardio-
vascular events by high sensitivity CRP. Nippon Rinsho,

60(5): 916-21, 2002.
10) Arima H, Kubo M, Yonemoto K, Doi Y, Ninomiya T,
Tanizaki Y, Hata J, Matsumura K, Iida M, Kiyohara Y:
High-sensitivity C-reactive protein and coronary heart
disease in a general population of Japanese: the
Hisayama study. Arterioscler Thromb Vasc Biol, 28:
1385-1391, 2008.

11) Yamada S, Gotoh T, Nakashima Y, Kayaba K, Ishikawa
S, Nago N, Nakamura Y, Itoh Y, Kajii E: Distribution
of serum C-reactive protein and its association with
atherosclerotic risk factors in a Japanese population :
Jichi Medical School Cohort Study. Am J Epidemiol,
153: 1183-1190, 2001.

12) Saito K: The new development for measurement method
of high sensitive C-reactive protein. Lab Clin Pract,
20: 10-16, 2002.

13) Otsuka T, Kawada T, Katsumata M, Ibuki C, Kusama
Y: High-sensitivity C-reactive protein is associated
with the risk of coronary heart disease as estimated by
the Framingham Risk Score in middle-aged Japanese
men. Int J Cardiol, 129(2): 245-250, 2008.

14) Ridker PM, Rifai N, Pfeffer MA, Sacks FA, Moye LA,
Goldman S: Inflammation, pravastatin, and the risk of
coronary events after myocardial infarction in patients
with average cholesterol levels. Cholesterol and
Recurrent Events (CARE) Investigators. Circulation, 98:
839-844, 1998.

15) Ridker PM, Rifai N, Clearfield M, Downs JR, Weis SE,
Miles JS, Gotto AM Jr: Measurement of C-reactive
protein for the targeting of statin therapy in the primary
prevention of acute coronary events. N Engl J Med, 344:
1959-65, 2001.

Journal of Analytical Bio-Science Vol. 34, No 5 (2011)

－ 330 －


