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Objects: Limited evidence of association between C-reactive protein levels and cardiovascular disease has
been produced for Japanese whose median protein levels are low by western standards.

Methods: We conducted a nested case-control study as part of the Japan Collaborative Cohort Study for
evaluation of cancer risk (JACC Study). A total of 39,242 subjects 40-79 years of age provided serum
samples at baseline between 1988 and 1990. During the 13-year follow-up, there were 525 deaths from
total strokes (ICD10: 160-169), 209 coronary heart diseases (120-125) and 939 total cardiovascular diseases

’C(f{:: z:i,se protein (100-199). The control subjects were matched for sex, age, area of residence and year of serum storage, and
Mortality analyses were conducted after further adjustment for cardiovascular risk factors. Serum high-sensitivity
Stroke C-reactive protein (hs-CRP) levels were measured with ultra-sensitive latex-enhanced immunoassay.

Results: Median hs-CRP levels for controls were 0.40 mg/L for men and 0.41 mg/L for women. Hs-CRP
levels were positively associated with risks of mortality from stroke, coronary heart disease, and total
cardiovascular disease for men. The respective multivariable odds ratios (OR 95% CI) for the highest
(>0.85mg/L) vs. lowest (<0.19 mg(L) quartiles of hs-CRP for men were 1.60 (0.90-2.85), 3.68 (1.02-13.3),
and 2.31 (1.49-3,59). For women, positive associations with hs-CRP levels were weaker, reaching statisti-
cal significance only for total cardiovascular disease: OR = 1.69 (1.06-2.68). The positive association with
total cardiovascular disease did not vary according to sex, age, smoking status, or body mass index.
Conclusions: Higher serum hs-CRP levels were associated with higher mortality from cardiovascular
disease in Japanese.

Coronary heart disease
Cardiovascular disease
Follow-up studies

© 2009 Published by Elsevier Ireland Ltd.

1. Introduction probably due to the small number of cases. The Iwate-Kenpoku

cohort of 7901 men aged 40-79 years showed a positive associa-
tion between hs-CRP and risk of ischemic stroke, but no data on
coronary heart disease were reported [11}.

Japanese have lower concentrations of CRP than western pop-
ulations partly due to lower body mass index [10-14], and also

C-reactive protein, a marker of systemic inflammation, has
been recognized as a risk factor for cardiovascular disease [1-3].
Follow-up studies of patients with diabetes mellitus, coronary
atherosclerotic lesions or coronary heart disease showed that high

sensitivity C-reactive protein (hs-CRP) was a significant predictor
for cardiac events and mortality [4-8]. However, the data on gen-
eral populations in Asia are limited to two prospective studies, The
Hisayama cohort of approximately 2500 residents aged >40 years
found positive associations between hs-CRP and risk of ischemic
stroke for men but not for women [9], and risk of coronary heart
disease for men and women combined [10]. In that study, however,
the associations with coronary heart disease not examined by sex

* Corresponding author. Tel.: +81 6 6879 3910; fax: +81 6 6879 3919.
E-mail address: iso@pbhel. med.osaka-u.ac.jp (H. Iso).

0021-9150/$ - see front matter © 2009 Published by Eisevier Ireland Ltd.
doi:10.1016/j.atherosclerosis.2009.04.020

show a different profile of cardiovascular disease, i.e., lower mor-
tality from coronary heart disease and higher mortality from stroke
[15,16].

To examine the impact of hs-CRP levels on risk of mortality
from cardiovascular disease for an Asian population, we conducted
a nested case-control study for approximately 40,000 men and
women, who provided blood samples as part of the Japan Collabo-
rative Cohort Study for evaluation of cancer risk (JACC Study). This
study allowed us to examine sex-specific associations between hs-
CRP and risk of mortality from stroke, stroke subtypes, coronary
heart disease, and total cardiovascular disease. We also examined
whether the contribution of hs-CRP to these risks was modified by
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age, smoking status and body mass index, i.e., major determinants
of hs-CRP levels [10,12,13].

2. Methods
2.1. Survey population

We conducted a nested case-control study as part of the JACC
Study sponsored by the then Ministry of Education (Monbusho),
which was first conducted in 1988-1990 and involved 110,792
individuals (46,465 men and 64,327 women, age 40-79 years)
living in 45 communities throughout Japan, who participated in
municipal health screening examinations under the Health Law
for the Aged with the population rate of 86-91%, and completed
self-administered questionnaires about their lifestyles and med-
ical histories of previous cardiovascular disease and cancer [17].
Informed consent was obtained from the participating individuals
when they completed the questionnaire. In several communities,
informed consent was obtained at community level after the study
purpose, methods and data confidentiality had been explained to
community leaders and mayors.

A total of 39,242 subjects (35.4% of the questionnaire respon-
dents to the provided blood samples after giving individual
informed consent{18}. After 557 men and 916 women with a history
of cardiovascular disease or cancer at baseline had been excluded,
a total of 37,769 subjects (13,282 men and 24,487 women) were
enrolled in the study presented here, which was approved by the
Ethics Committee of the University of Tsukuba, and Osaka Univer-
sity.

2.2. Mortality surveillance

The participants were followed up to determine mortality of
cardiovascular disease by the end of 2003, except for four com-
munities in which the follow-up had ended in 1999. For mortality
surveillance in individual communities, investigators conducted
systematic reviews of the death certificates, all of which were
forwarded to the public health center in the area of residency. Mor-
tality data were centralized at the Ministry of Health and Welfare,
and the underlying cause of death was coded according to the Inter-
national Classification of Diseases (ICD), 9th revision, for deaths from
1988 to 1994, and the 10th revision for deaths from 1995 to 2003
as used for the National Vital Statistics. Registration of death is
required by the Family Registration Law of Japan and is believed to
be adhered to throughout Japan. All deaths occurring in the cohort
were thus ascertained by death certificates from a public health
center, except for subjects who died after moving away from their
original community and were treated as censored cases.

The ICD 9th and 10th revisions were used to determine cause-
specific mortality of cardiovascular disease as follows: total stroke
(ICD 9threvision, codes 430-438, ICD 10th revision, codes 160-169);
coronary heart disease (410-414, 120-125) and total cardiovascular
disease (430-438, 160-169). Further sub-groupings of total strokes
were: intraparenchymal hemorrhage (431,161), subarachnoid hem-
orrhage (430, 160) and ischemic stroke (433-434, 163). For each
case, one control subject was selected randomly from among par-
ticipants without mortality from stroke or coronary heart disease,
and matched for sex, age (+5 years), community and year of blood
drawing.

2.3. Determination of biochemical variables

Sera were prepared from blood samples as soon as possi-
ble after blood collection at laboratories in or near the surveyed
municipalities. The serum from each participant was divided
over 3-5 tubes (300l per tube), and stored at —80°C until

analysis. Hs-CRP levels were measured using an ultra-sensitive
latex-enhanced immunoassay with an automatic analyzer (BN
Prospec nephrometer; Dade Behring, Tokyo, Japan) at the Kotobikan
Medical Laboratories Inc., Tsukuba, Japan. That laboratory took part
in the quality control study in which each of the five samples was
assayed in quadruplicate on 20 different days along with a single
daily measurement of an internal quality control sample [14,15].
The inter-assay and intra-assay coefficients of variation (CV) were
1.3 and 1.4%, respectively, and the hs-CRP precision was satisfactory
according to the AHA/CDC scientific criterion that the CV of hs-CRP
should be <10% for a range of 0.3-10 mg/L [18].

Serum total and high-density lipoprotein (HDL)-cholesterol was
measured using the enzymatic method with an automatic ana-
lyzer (Hitachi 7600-210; Hitachi Medical Corp., Tokyo, Japan) at
Kotobiken Medical Laboratories, Inc. The standardization of lipid
measurement was performed with the aid of the Osaka Medical
Center for Health Science and Promotion, an international mem-
ber of the US National Cholesterol Reference Method Laboratory
Network (CRMLN) [20].

2.4. Statistical analysis

The paired Student's t-test was used to compare the mean values
of baseline cardiovascular risk factors and hs-CRP levels for mortal-
ity cases and control subjects. The x? test was used to compare
percentages of cases and control subjects. The odds ratios for total
stroke, stroke subtype and coronary heart disease were estimated
according to sex-specific quartiles of hs-CRP levels and 1-SD incre-
ment of log hs-CRP (2.9 mg/L for men and 3.0 mg/L for women), and
by means of conditional logistic regression models. Adjustments
were made for sex-specific quartiles of body mass index (kg/m?)
based on actual measurement of height and weight, serum total and
HDL-cholesterol levels {mmol/L), cigarette smoking status (never,
former, and current), ethanol intake (never-, ex-, and current), quar-
tiles of n-3polyunsaturated fat intake (g/day), walking (rarely, <30,
30-59 and >60 min/day), sports (rarely, 1-2, 3-4 and >5 h/week),
and self-reported histories of physician’s diagnosis hypertension
and diabetes mellitus (yes vs. no) as well as matching for sex,
age, comumunity and year of blood drawing. Linear regression was
employed to test for linear trends across the hs-CRP categories by
using a median variable of hs-CRP for each hs-CRP category. The
analyses were repeated, stratified by sex, age (40-64 and 65~79
years), smoking status (non-current vs. current smoker), and body
mass index (high vs. low compared with median). The significance
of the interactions for smoking status and body mass index was
tested using cross-product terms of age, smoking and body mass
index with hs-CRP levels.

All p-values for statistical tests were two-tailed and values <0.05
were considered to represent represented statistical significance.
The SAS statistical package version 9.1 (Statistical Analysis System
Inc., Cary, NC) was used for analyses.

3. Results

During the 13-year follow-up, we identified 525 deaths due to
stroke, 209 deaths due to coronary heart disease, and 939 deaths
due to total cardiovascular disease. Total stroke comprised 214
hemorrhagic strokes (119 intraparenchymal and 95 subarachnoid
hemorrhages) and 294 ischemic strokes.

Table 1 shows sex-specific risk characteristics of cardiovascu-
lar disease for cases compared with control subjects. The average
age was 66-67 years for total stroke to 64-68 years for coronary
heart disease, varying from 63 to 64 years for hemorrhagic stroke
to 67-70 years for ischemic stroke in both men and women. The
prevalence of hypertension and current smokers was higher in
men with total stroke, either ischemic or hemorrhagic, and total
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Table 2
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Sex-specific odds ratios (95% confidence intervals) of cardiovascular disease according to quartiles of serum hs-CRP levels.

Quartiles of serum hs-CRP {mg/L) p for trend OR for 1-8D increment
of log hs-CRP
1 (low) 2 3 4 (high)
Men

Serum hs-CRP

Median (mg/L) 0.16 0.28 0.55 1.47

Range (mg/L) 0.04-0.18 0.19-0.37 0.38-0.84 0.85-2.74
Total stroke

No. of cases 58 55 66 89

No. of controls 68 62 69 69

Age and community-matched OR 1.00 1.07 (0.63-1.81) 1.14 (0.68-1.92) 1.56 {0.95-2.56) 0.05 1.18 (0.99-1.41)

Muitivariable OR? 1.00 1.10(0.60-2.00) 1.09 (0.59-2.02) 1.60(0.90-2.85) 0.08 1.14(0.93-1.40)
Ischemic stroke

No. of cases 34 36 41 62

No. of controls 45 42 38 48

Age and community-matched OR 1.00 1.20(0.62-2.34) 1.51(0.77-2.85) 1.80(0.97-3.36) 0.07 1.25(1.00-1.56)

Multivariable OR? 1.00 1.28(0.59-2.79) 1.33(0.59-2.99) 2.04 (0.95-4.37) 0.08 1.20(0.82-1.57)
Hemorrhagic stroke

No. of cases 23 16 25 25

No. of controls 23 19 28 19

Age and community-matched OR 1.00 0.83(0.34-2.04) 0.86 (0.36-2.04) 1.35(0.56-3.24) 0.35 1.04 (0.84-1.27)

Multivariable OR? 1.00 1.58 {0.29-8.49) 2.62(0.45-15.1) 1.86 (0.40-8.72) 0.73 1.36 (0.75-2.48)
Coronary heart disease

No. of cases 17 20 28 48

No. of controls 27 28 29 29

Age and community-rnatched OR 1.00 1.20(0.52-2.78) 1.73(0.71-2.78) 2.99(1.30-6.91) 0.003 1.60(1.20-213)

Multivariable OR? 1.00 1.69 (0.48-6.02) 2.50(0.63-9.99) 3.68(1.02-13.3) 0.04 1.67 (1.08-2.57)
Total cardiovascular disease

No. of cases 86 94 118 186

No. of controls 120 121 122 121

Age and community-matched OR 1.00 1.20(0.75-1.67) 1.39(0.93-2.08) 2.25(1.54-3.30) <0.001 1.37(1.20-1.56)

Multivariabie OR? 1.00 1.13(0.72-1.75) 1.26 (0.79-1.99) 2.31(1.49-3.59) <0.001 1.36 (1.17-1.58)

Women

Serum hs-CRP

Median (mg/L) 0.16 0.30 0.58 1.77

Range (mg/L) 0.04-0.18 0.19-040 0.41-0.92 0.93-375
Total stroke

No. of cases 75 68 52 62

No. of controls 70 63 58 66

Age and community-matched OR 1.00 0.99 (0.62-1.56) 0.82(0.49-1.39) 0.86 (0.52-1.41) 0.57 0.96 {0.80-1.14)

Multivariable OR? 1.00 1.38(0.78-2.42) 0.94 (0.50-1.77) 1.07(0.58-1.97) 048 0.99(0.81-1.22)
Ischemic stroke

No. of cases 37 30 20 34

No. of controls 38 22 26 35

Age and community-matched OR 1.00 1.34 (0.68-2.64) 0.72(0.32-1.62) 0.94 (0.47-1.90) 0.77 0.91 (0.71-1.16)

Multivariable OR? 1.00 2.14(0.85-5.36) 0.74 (0.23-2.33) 1.00(0.39-2.61) 0.54 0.89 (0.65-1.22)
Hemorrhagic stroke

No. of cases 35 35 29 26

No. of controls 29 41 27 28

Age and community-matched OR 1.00 0.73(0.38-1.40) 0.87(0.41-1.81) 0.77 (0.41-1.61) 0.74 1.02 (0.85-1.22)

Multivariable OR? 1.00 0.88 (0.35-2.20) 1.14 (0.42-3.14) 1.78 (0.61-5.22) 0.78 1.50(0.99-2.28)
Coronary heart disease

No. of cases 11 20 26 39

No. of controls 22 25 24 25

Age and community-matched OR 1.00 1.78 (0.63-5.05) 2.18 (0.82-5.77) 3.40(1.29-8.97) 0.02 1.54(1.13-2.10)

Multivariable OR? 1.00 3.67(0.74-18.2) 3.09(0.76-12.6) 3.74 (0.91-15.3) 0.20 1.49 (0.94-2.36)
Total cardiovascular disease

No. of cases 99 112 113 131

No. of controls 114 114 112 115

Age and community-matched OR 1.00 1.14(0.78-1.66) 1.18 (0.80-1.74) 1.35(0.92-1.99) 0.18 1.14 (1.00-1.30)

Multivariable OR? 1.00 1.63 (1.07-2.51) 1.42 (0.91-2.23) 1.69 (1.06-2.68) 0.47 1.17 (1.00-1.36)

? Adjusted for body mass index (quartiles), serum total and HDL-cholesterol (mmol/L), current smoking (yes vs. no), ethanol intake (never, ex- and current), n-
3polyunsaturated fat intake (quartiles), walking (rarely, 30, 30-59, > 60 min/day), sports (rarely, 1-2, 34, > 5 hjweek), and history of hypertension and diabetes (yes vs.

no) as well as matching for age and community.
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