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ABSTRACT

Objective: To estimate the incidence and survival rates of total and cause-specific
dementia in a general Japanese population.

Methods: A total of 828 subjects without dementia, aged 65 years or over, were
followed up prospectively for 17 years. Dementia was subdivided into cause-specific
subtypes: namely, Alzheimer's disease (AD), vascular dementia (VD), dementia with
Lewy bodies (DLB), combined dementia, and other types of dementia. During the
follow-up, 275 subjects developed dementia; of these, 251 (91.2%) were evaluated
morphologically, with 164 subjected to brain autopsy examination and the remaining
87 to neuroimaging.

Results: The incidences of total dementia, AD, VD, DLB, combined dementia, and
other types of dementia were 32.3 (n=275), 14.6 (124), 9.5 (81), 1.4 (12), 3.8 (33),
and 3.1 (16) per 1,000 person-years, respectively. The incidences of AD, combined
dementia, and other types of dementia rose with increasing age, particularly after the
age of 85 years, but this tendency was not observed for VD or DLB. The survival
curve of dementia cases aged 65 to 89 years was significantly lower than that of age-
and sex-matched controls (10-year survival rate, 13.6% vs. 29.3%, hazard ratio, 1.67,
95% confidence interval, 1.31-2.13). The 10-year survival rates were not significantly

different among dementia subtypes.
Conclusions: Our findings suggest that the Japanese elderly population has a high

risk of the development of dementia, specifically AD and VD, and once dementia is
established, the risk of death is considerable.
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Approximately 24.3 million people suffer from dementia globally, and this number
is expected to double every 20 years to 81.1 million by 2040, because of the rapid
increase in the number of elderly worldwide.' Effective prevention requires a strategy
based on information about morbidity and mortality from dementia in general
populations. Several population-based studies have investigated the incidence®® and
fatality rates'* ™ of total and cause-specific dementia, but the current knowledge
about the incidence and prognosis of dementia was derived mainly from studies done
in Western populations, and it is unclear to what extent these findings apply to
Japanese elderly populations. Here we present the incidence and survival of
cause-specific dementia in a 17-year follow-up study conducted in a Japanese
community.

METHODS

Study population

Since 1985, a follow-up survey of dementia among individuals aged 65 years or
older has been ongoing in the town of Hisayama, Japan.’ The screening and
assessment processes of the present analysis are shown in figure 1. In 1985, a total
of 887 subjects aged 65 years or older (participation rate, 94.6%) underwent a
screening examination that included Hasegawa's dementia scale (HDS)," which is a
neuropsychological test widely utilized in Japan comprised of 11 questions regarding
orientation, memery function, common knowledge, and calculation capacities, and
questionnaires regarding psychological and medical symptoms, medical conditions,
and activities of daily living. The subjects with possible cognitive impairment
underwent comprehensive investigations. After excluding 59 subjects with dementia
at baseline, the remaining 828 subjects were enrolled in this study.

Follow-up survey

The subjects were followed prospectively from November 1985 to October 2002
(figure 1). Detailed information about the follow-up survey of dementia has been
described elsewhere.® Briefly, we established a daily monitoring system among the
study team and local physicians or members of the town's Health and Welfare Office.
Regular health checks were given annually to obtain information on any stroke or
dementia missed by the monitoring network. Health status was also checked yearly by
mail or telephone for any subject who did not undergo a regular examination or who
had moved out of town.

Follow-up screening surveys of cognitive function were conducted in 1992, 1998,
and 2005. The screening surveys included neuropsychological tests (HDS, " HDS
revised version [HDS-R], ' or Mini-Mental State Examination [MMSE]") and
questionnaires similar to those employed at the first screening. For subjects whose
test scores were below the cut-off points (22/32.5 for HDS, 21/30 for the HDS-R and
MMSE), comprehensive investigations including interviews of the families or attending
physicians, physical and neurological examinations, and a review of the clinical
records were conducted.

When a subject died, an autopsy was performed at the Department of Pathology of
Kyushu University. During the follow-up period, 553 subjects died, 439 of whom
(79.4%) were subjected to autopsy. For dementia subjects with autopsy, detailed
neuropathological evaluation was performed. No subject was lost in the follow-up.
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Diagnosis of dementia

The diagnosis of dementia was made clinically based on the guidelines of the
Diagnostic and Statistical Manual of Mental Disorders, Revised Third Edition
(DSM-1II-R)."™

Alzheimer's disease (AD), vascular dementia (VD), and dementia with Lewy
bodies (DLB) were diagnosed based on the criteria established by the National
Institute of Neurological and Communicative Disorders and Stroke and the
Alzheimer’s Disease and Related Disorders Association (NINCDS-ADRDA), '? the
Neuroepidemiology Branch of the National Institute of Neurological Disorders and
Stroke with support from the Association Internationale pour la Recherche et
I'Enseignement en Neurosciences (NINDS-AIREN),” and the revised consensus
guidelines described in the third report of the DLB consortium,?' respectively.

For neuropathological evaluation of AD, the frequency of senile plaques and
neurofibrillary tangles (NFT) was evaluated using the Consortium to Establish a
Registry for Alzheimer's Disease (CERAD) criteria® and Braak stage.™ The CERAD
score and Braak stage were combined using the National Institute on Aging-Reagan
Institute (NIA-RI) criteria,? and dementia cases with ‘high-likelihood' of AD pathology
were defined as definite AD. Definite VD was defined as dementia with causative
stroke or cerebrovascular change in neuroimaging and no neuropathological evidence
of other forms of dementia. According to the DLB guidelines,”’ dementia cases with
‘high-likelihood' criterion of DLB pathology were defined as definite DLB. Senile
dementia of the neurofibrillary tangle type (tangle-only dementia: SD-NFT) was
diagnosed neuropathologically using Yamada's guideline.”*®

During the 17-year follow-up period, 275 subjects developed dementia. Of these,
175 cases died, and 134 (76.6%) of these cases were subjected to brain autopsy
examination (figure 1). The brains were evaluated neuropathologically in an additional
30 subjects with dementia who died after the end of the follow-up period, from
November 2002 to October 2005. A total of 164 of the 275 subjects with dementia
(59.6%) were examined neuropathologically. We performed evaluation with
neuroimaging on 248 subjects with dementia (90.2%); among the 111 subjects with
dementia who did not have an autopsy examination, 87 underwent neurcimaging
examination. Therefore, 251 subjects with dementia (91.2%) were evaluated
morphologically.

In the present analysis, we used the final diagnosis of dementia subtypes, which
was made based on the clinical and neuropathological information for dementia
subjects with autopsy and clinical information including neurcimaging only for those
without autopsy. Table 1 shows a comparison of the clinical diagnosis of dementia
subtype, which was made without information on neuropathological findings, and the
final diagnosis, which was made using neuropathological findings, among 164
incident dementia cases with autopsy. Though the clinical diagnosis was not
necessarily same as the final diagnosis, moderate agreement was observed between
the clinical and final diagnoses (agreement rate=60%, kappa coefficient=0.48 for AD,
agreement rate=59%, kappa coefficient=0.53 for VD). Table 2 shows the frequency of
each type of dementia among 275 incident dementia cases. We found 124 pure AD
cases (definite, 62; probable, 52; possible, 10), 81 pure VD cases (definite, 50,
probable, 31), and 12 pure DLB cases (definite, 9; probable, 2; possible, 1). When
causes of cognitive impairment were attributed to two or more types of dementia, we
classified the dementia as “combined dementia.” This category accounted for 33
cases. There were 16 cases of other types of dementia.

The date of onset of VD was determined as the date when the responsible stroke
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occurred, but the final diagnosis of VD was made more than 3 months after the stroke.
The tentative time of onset, when the family or attending physician first noticed
abnormal behaviour by the subject, was used for other types of dementia.

Statistical analysis

The incidence of dementia was estimated using a person-year approach. We
estimated survival curves for the first 10 years after the onset of dementia for 221
new-onset dementia cases with ages at dementia onset ranging from 65 to 89 years,
and for 221 age- and sex-matched control subjects randomly selected from 553
subjects without incident dementia by the Kaplan-Meier product limit technique. We
excluded subjects aged 90 years or over for this analysis, because the number of
control subjects of this age group was too small. The comparison of survival rates was
done by log-rank test. We also compared age- and sex-adjusted cumulative survival
rates among cases with different types of dementia using Cox's proportional hazards
model.

RESULTS

The incidence of total dementia was 32.3 per 1,000 person-years. In regard to type,
AD was the most frequent type of dementia (14.6 per 1,000 person-years), VD second
(9.5), and DLB third (1.4). The incidences of AD, combined dementia, and other types
of dementia rose with increasing age, particularly after the age of 85 years, but this
tendency was not observed for VD or DLB (figure 2).

Figure 3 shows the 10-year survival curves for new-onset dementia cases and
control subjects without dementia onset. The survival curve of dementia cases was
significantly lower compared to that of the control subjects (10-year survival rate,
13.6% vs. 29.2%; hazard ratio, 1.67; 95% confidence interval, 1.31-2.13; P<0.0001).
The median survival time was 3.5 years in subjects with dementia and 5.8 years in
those without dementia.

The age- and sex-adjusted survival curves for cases with different types of
dementia are shown in figure 4. The survival rate of subjects with DLE tended to be
lower than that of subjects with other types of dementia, but the differences were not
significant, probably due to the small number of subjects with DLB (10-year survival
rates, 18.9% for AD, 13.2% for VD, 2.2% for DLB, 10.4% for combined dementia,
14.4% for other types of dementia).

DISCUSSION

The present analysis from a prospective cohort study has clearly demonstrated
that the incidence of dementia was as high as 32.3 per 1,000 person-years in a
general population of Japanese elderly aged 65 years or older. We diagnosed
dementia subtypes based on clinical and neuropathological examinations and found
that AD, VD, and DLB were the three major subtypes of dementia in this population.
Another important finding was that the median survival time of subjects with
new-onset dementia was shorter than that of those without dementia onset.

Several population-based cohort studies have reported the incidence of dementia
for elderly poplations™®. The incidence of dementia of our study (32.3 per 1,000
person-years) was relatively higher than that obtained from the majority of other
follow-up studies (13.5to 25,5z,"la and similar to that of an Italian study (37.8)" and an
African American study (32.4).° Possible reasons for the relatively higher incidence of
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dementia in our study were the frequently repeated screening surveys for dementia
and the high follow-up rate.

In our subjects, DLB was the third most-frequent type of dementia after AD and VD,
with an incidence of 1.4 per 1,000 person-years. Although there have been several
prevalence studies of DLB in general populations, little is known about the exact
incidence of DLB.?” Miech et al. estimated the incidence of DLB as 0.57 per 1,000
person-years in a U.S. population.? In contrasti, no case of DLB was observed in the
4-year follow-up study of an Italian population.” It is possible that the higher incidence
of DLB in our study resulted from a higher rate of neuropathological evaluation among
subjects with dementia. Further cohort studies are needed to investigate the precise
incidences of DLB.

In the present analysis, all types of dementia were associated with higher mortality,
and the estimate of median survival time for subjects with total dementia was 3.5
years. This is shorter than that obtained from other population-based cohort studies
(5.2 to 7.6 years)."®"* Most previous cohort studies estimated median survival time in
follow-up surveys of subjects having dementia at baseline examination. Therefore, it
is possible that severe dementia cases with poor prognosis may not have been
included, and that the survival time of patients with dementia may have been
overestimated (“length bias"). In the Canadian Study of Health Aging, the crude
median survival time was 6.6 years, but the estimated survival time from the onset of
dementia after controlling for “length bias” was 3.3 years." This finding is comparable
to the median survival time from the onset of dementia observed in the present
analysis.

The strengths of our study include its longitudinal population-based study design,
long duration of follow-up, sufficient number of dementia events, 100% follow-up of
subjects, and examination of the brains of most dementia cases with autopsy and
neurcimaging. A limitation of our study is that relatively low cut-off points of
neuropsychological tests for comprehensive investigations of dementia in the
follow-up examinations may have caused us to miss subjects in the early course of
dementia. This limitation may have led to an underestimation of the incidence of
dementia and survival time. Another limitation is that we compared the survival rates
among subjects matched by age at dementia onset ranging only within 65 to 89 years
because the number of control subjects aged 90 years or older without dementia was
too small. However, subjects aged 90 or older are not likely to live long, irrespective of
the existence of dementia, and inclusion of subjects of this age group is not likely to
have changed the findings of this study.

In conclusion, relatively more Japanese elderly suffer from dementia than the
proportion expected based on the results of other follow-up studies, Once dementia is
established, the risk of death is 1.7-fold higher compared to subjects without dementia.
It is important to elucidate risk factors for each type of dementia and establish
dementia prevention strategies, especially in countries such as Japan where the
elderly population is increasing rapidly, as dementia places a burden on families and
communities.
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Figure Legends
Figure 1 Flow chart for screening and diagnostic procedures

Figure 2 Incidence rates of cause-specific dementia by age group

Figure 3 Survival rates and 95% confidence intervals for new-onset dementia cases
and for age- and sex-matched control participants without dementia onset

Figure 4 Age- and sex-adjusted survival rates of cause-specific dementia
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Table 1 Comparison of the clinical diagnosis of dementia subtype and the final
diagnosis using neuropathological findings among 164 incident dementia cases with
autopsy: the Hisayama Study, 1985-2002

Clinical diagnosis

Final diagnosis using AD vD Other
~heuropathological findings (e71) fo=at) i B
Pure AD 35 16 1
Pure VD 17 21 12
DLB 2 1 6
Combined dementia 12 7 10
AD+VD 6 3 4
AD+DLB 3 2 1
VD+DLB 2 1 1
AD+VD+DLB 0 0 2
AD+chronic subdural hematoma 0 1 0
DLB+SD-NFT 0 0 1
AD+VD+hypothyroid 1 0 0
SD-NFT+carbon monoxide poisoning 0 0 1
Others 5 2 7

AD: Alzheimer's disease

VD: Vascular dementia

DLB: Dementia with Lewy bodies

SD-NFT: Senile dementia of the neurofibrillary tangle type
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Table 2 Frequency of each type of dementia among 275 incident dementia cases:
the Hisayama Study, 1985-2002

Type of dementia n (%)
Alzheimer's disease (AD) 124 (45.1)
Vascular dementia (VD) 81 (29.5)
Dementia with Lewy bodies (DLB) 12(4.4)
Combined dementia 33(11.6)
AD+VD 13 (4.7)
AD+DLB 9(3.3)
VD+DLB 5(1.8)
AD+VD+DLB 2(0.7)
AD+chronic subdural hematoma 1(04)
DLB+SD-NFT 1(0.4)
AD+VD+hypothyroid 1(0.4)
SD-NFT+carbon monoxide poisoning 1(0.4)
Others 16 (6.2)
SD-NFT 8(29)
Chronic subdural hematoma 2(0.7)
Brain tumor 2(0.7)
Head trauma 2(0.7)
Pick's disease 1(0.4)
Hypoxic ischemic encephalopathy 1(0.4)
Unknown 9(3.3)

SD-NFT: Senile dementia of the neurofibrillary tangle type
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High-Sensitivity C-Reactive Protein and Coronary Heart
Disease in a General Population of Japanese
The Hisayama Study

Hisatomi Arima, Michiaki Kubo, Koji Yonemoto, Yasufumi Doi, Toshiharu Ninomiya,
Yumihiro Tanizaki, Jun Hata, Kiyoshi Matsumura, Mitsuo lida, Yutaka Kiyohara

Objective—The purpose of this study was to investigate the effects of high-sensitivity C-reactive protein (hs-CRP) on the
risks of coronary heart disease (CHD) in a general population of Japanese.

Methods and Results—The Hisayama study is a population-based prospective cohort study. A total of 2589 participants
aged 40 years or older were followed up for 14 years. Outcomes are incident CHD (myocardial infarction, coronary
revascularization, and sudden cardiac death). The median hs-CRP level was 0.43 mg/L at baseline. During the follow-up
period, 129 coronary events were observed. Age- and sex-adjusted annual incidence rates of CHD rose progressively
with higher hs-CRP levels: 1.6, 3.3, 4.5, and 7.4 per 1000 person-years for quartile groups defined by hs-CRP levels
of <0.21,0.21 t0 0.43, 0.44 to 1.02, and >1.02 mg/L, respectively (P<0,0001 for trend). The risk of CHD in the highest
quartile group was 2.98-fold (95% CI, 1.53 to 5.82) higher than that in the lowest group even after controlling for other

cardiovascular risk factors.

Conclusions—hs-CRP levels were clearly associated with future CHD events in a general population of Japanese. In
Japanese populations, the hs-CRP cut-off point for high-risk of future development of CHD is likely to be >1.0 mg/L,
which is much lower than that for Western populations. (Arterioscler Thromb Vasc Biol. 2008;28:1385-1391)

Key Words: inflammation w C-reactive protein m coronary heart disease m prospective cohort study
m general population

oronary heart disease (CHD) is estimated 1o be one of

the leading causes of death in Japan as well as other
countries around the world, placing a burden on the community.!
Although the burden of CHD has been reduced in several
developed countries in the past few decades,? its incidence
rates have not declined in Japan.® Effective prevention will
require & strategy based on knowledge of the imponance of
novel and traditional risk factors for CHD in Japan.

See accompanying article on page 1222

Recently, inflammation has emerged as an important factor in
atherosclerosis,* and high-sensitivity C-reactive protein (hs-
CRP) has attracted clinical attention as a novel risk factor for
CHD. However, current knowledge of the imporance of
hs-CRP as a risk factor for CHD is derived mainly from
studies done in Western populations, ' and it is unclear to
what extent these findings apply to Japanese populations, The
Hisayama Study is a prospective cohort study of a general
Japanese population. A previous report from the Hisayama
Study showed a positive association between hs-CRP levels
and the risks of ischemic stroke among Japanese men.'* The

objective of the present analysis is to examine the relationship
between serum hs-CRP levels and future development of
coronary heat disease in a general population of Japanese.

Methods

Study Design and Participants
Since 1961, we have been conducting a long-term prospective cohort
study of cardiovascular disease in the town of Hisayama, a suburb of
Fukuoka City in Southern Japan.'* In 1988, a screening survey for
the present study was performed in the town. A total of 2736
residents aged 40 years or older (80.9% of the total population of this
age group) consented to participate in the examination.'™'% Afier the
exclusion of 102 subjects with a history of stroke or CHD and 45
subjects whose frozen blood samples were of insufficient quantity
for the measurement of serum hs-CRP, the remaining 2589 individ-
vals were enrolled in this study.

The ethics committee of Kyushu University approved this study,
participants provided written informed consent, and the procedures
followed were in accordance with national guidelines.

Follow-Up Survey

The subjects were followed up pm\pectwtly from December 1988 w0
November 2002 by d health e ions. A detailed descrip-
tion of the study ml:lhods has been published previously,*!*!3 [n
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brief, the health status of any subject who had not undergone a
regular examination or who had moved out of town was checked
yearly by mail or telephone. We also established a daily monitoring
system among the study team and local physicians or members of the
town’s Health and Welfare Office. When a subject died, an autopsy
was performed at the Departments of Pathology of Kyushu Univer-
sity. During the follow-up period, 545 subjects died, of whom 412
(75.6%) underwent autopsy. Only one participant was lost to
follow-up.

Outcomes

The primary outcome of the present analysis was CHD. The critenia
for a diagnosis of CHD included first-ever acute myocardial infarc-
tion (MT), silent M1, sudden cardiac death within | hour after the
onset of acute illness, or coronary artery disease followed by
coronary artery bypass surgery or angioplasty.*'* Acute Ml was
diagnosed when a subject met at least 2 of the following criteria: (1)
typical symptoms, including prolonged severe anterior chest pain;
(2) abnormal cardiac enzymes more than twice the upper limit of the
normal range; (3) evolving diagnostic electrocardiographic (ECG)
changes; (4) morphological changes including local asynergy of
cardiac wall motion on echocardiography, a persistent perfusion
defect on cardiac scintigraphy, or myocardial necrosis or scars >1
cm long accompanied by coronary atherosclerosis at autopsy. Silent
MI was defined as myocardial scarring withoul any historical
indication of clinical symptoms or abnormal cardiac enzyme
changes. The secondary outcomes of the present investigation were
deaths attributable to any cardiovascular disease (ICD-10'® codes
100-199), deaths anributable to noncardiovascular discase, and
total deaths,

Risk Factors

Plasma glucose levels were determined by the glucose-oxidase
method, and diabetes was defined by a 75-g oral glucose tolerance
test and by fasting (=7.0 mmol/L) or postprandial (=11.1 mmol/L)
hlood glucose levels or by the use of hypoglycemic agents. Total
cholesterol, high-density lipoprotein (HDL) cholesterol, and triglyc-
eride levels were determined enzymatically. Low-density lipoprotein
{L.DL) cholesterol level was estimated using the Friedewald formula.'”
Hypercholesterolemia was defined as a serum cholesterol level of
5.69 mmol/L or higher. Serum specimens collected at the time of
CRP measurement were stored at —20°C until they were used in
2002. Serum hs-CRP levels were analyzed using a modification of
the Behring latex-enhanced CRP assay on a BN-100 nephelometer
(Dade Behring) with a 2% interassay coefficient of variation. Sitting
blood p (BP) was d 3 times at the right upper arm
using a sphygmomanometer after 5 minutes of rest; an average of 3
measurements was used for the analysis. Hypertension was defined
as BP levels of =140/90 mm Hg or current treatment with antihy-
pertensive agents. The waist circum /i e was d at the
umbilical level in a standing position. Height and weight were
measured in light clothes without shoes, and body mass index (BMI,
kg/m®) was calculated. Obesity was defined as a BMI of =25kg/m’.
ECG abnormalities were defined as Minnesota code 3-1 or 4-1,2.3.
Information on smoking habits, alcohol intake, and physical activity
during leisure time was obtained using a standard questionnaire.
Smoking habits and alcohol intake were classified as either current or
not. Subjects engaging in sports or other forms of exertion =3 times
a week during their leisure time made up a regular exercise group.
Metabolic syndrome was defined using criteria recommended in the
National Cholesterol Education Program Adult Treatment Panel 111
guideline' with a modification of abdominal obesity, which was
defined as a waist circumference =90 em in men and =80 cm in
women according to the Inter | Obesity Task Force central
obesity critena for Asia.'

Statistical Analysis

We used quartiles of hs-CRP levels for the analysis of the effects of
hs-CRP on the risks of CHD. The contributions of relevant factors to
an elevated hs-CRP level, which was defined as the highest quartile,

were examined using a logistic regression model, with an estimated
odds ratio (OR) and 95% confidence interval (95% CI). The
cumulative incidence of CHD was estimated using Cox's propor-
tional hazards model. The incidence rales were calculated by the
person-year method and standardized for age and sex distribution of
the world standard population by the direct method using 10-year age
groupings. The age- and sex-adjusted or multivanate-adjusted hazard
ratio (HR) and 95% C1 were estimated vsing Cox’s proportional
hazard model. Comparison of the effects hs-CRP between partici-
pants with and without other cardiovascular risk factors was done,
and the probability value for homogeneity was estimated by adding
an interaction term 10 the statistical model. All analyses were
performed using the SAS software package (SAS Institute).

Results

Among the 2589 participants, the median hs-CRP level was
0.43 mg/L.. The baseline characteristics of the subjects by
hs-CRP quartile groups are shown in Table 1. Subjects with
higher hs-CRP levels were older and less frequently women.
The age- and sex-adjusted logistic regression analysis re-
vealed that hypertension (OR, 1.40; 95% CI, 1.16 1o 1.69),
diabetes (OR, 1.67; 95% CI, 1.29 to 2.16), obesity (OR, 1.80;
95% CI, 1.47 10 2.22), hypercholesterolemia (OR, 1.32; 95%
Cl, 1.09 to 1.60), metabolic syndrome (OR, 2.04; 95% CI,
1.67 10 2.50), and smoking habits (OR, 1.96; 95% CI 1.56 10
2.47) were significantly associated with clevated hs-CRP
levels, which were defined as the highest quartile (>1.02
mg/L).

During the 14 years of follow up, 129 coronary events were
observed. The Figure shows the age- and sex-adjusted cumu-
lative incidence of CHD according to hs-CRP quartiles. The
cumulative incidence of CHD clearly increased with rising
hs-CRP levels. The age- and sex-adjusted incidence rates of
CHD according to hs-CRP quartiles are shown in Table 2.
The incidence rates rose progressively with higher hs-CRP
levels: 1.6, 3.3, 4.5, and 7.4 per 1000 person-years from the
first to the fourth quartile groups, respectively (P<0.0001 for
trend). Table 2 also shows age- and sex-adjusted and multi-
variate-adjusted HRs and 95% Cls for the development of
CHD according to the hs-CRP quartiles. The risks of CHD
significantly increased with rising hs-CRP levels even after
controlling for age. sex, systolic BP, ECG abnormalities,
diabetes, BMI, total and HDL cholesterol, smoking habits,
alcohol intake, and regular exercise (P=0.0002 for trend).
The risk of CHD in the highest quartile group was signifi-
cantly higher than that in the lowest group (multivariate-
adjusted HR, 2.98; 95% CI, 1.53 1o 5.82).

During the follow-up period, 545 participants died (158
died of cardiovascular discase and 387 died of noncardiovas-
cular disease). The age- and sex-adjusted total and cause-
specific mortality rates are shown in Table 3. The age-and
sex-adjusted all-cause mortality rates rose progressively with
higher hs-CRP levels (P<0.0001 for trend). The age- and
sex-adjusted and multivariate-adjusted HRs also increased
with rising hs-CRP levels even after controlling for other risk
factors (Table 3; P<<0.0001 for trend). When causes of death
were divided into cardiovascular and noncardiovascular dis-
cases, the relationship of hs-CRP to cardiovascular deaths
was stronger than that to noncardiovascular deaths.

Age- and sex-adjusted hazard ratios of hs-CRP (highest
versus lowest quartiles) for the development of CHD among
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Table 1. Baseline Characteristics by Quartiles of High-Sensitivity C-Reactive Protein

hs-CRP Levels, mg/L
<021 0.21 to 0.43 0.44 to 1.02 =102
(n=648) (n=647) (n=645) (n=649) P Trend
Age, y 55(11) 58(12) 5a(11) 62(12) <0.0001
Women, % 64 55 51 <0.0001
Systolic blood pressure, mm Hyg 128 (20) 132 (22) 136 (21) 138 (21) <0.0001
Diastolic blood pressure, mm Hg 76(11) 78(11) 79(11) 79(12) <0.0001
Hypertension,* % 2 39 45 52 <0.0001
ECG abnormalities,t % 15 15 16 18 0.1
Diabetes, % [ 9 16 17 <0.0001
Waist, cm 77.4(8.8) 80,6 (9.0) B3B8 (8.8) 83.8(9.5 <0.0001
Body mass Index, kg/m? 203 23(3) 24 (3) 24 (3) <0.0001
Total cholesterol, mmolL 521 (1.02) 5.38 (1.09) 5.44 (1.11) 5.40 (1.13) 0.002
Triglycerides, mmol/L 1.15(0.99) 1.37(1.22) 1.56 (1.71) 148(1.02) <0.0001
HOL cholesterol, mmol/L 1.38 (0.30) 1,34 (0.31) 1.27 (0.29) 1.22 (0.30) <0.0001
LDL cholesterol § mmolL 3.30(1.01) 341(1.12) 3.46(1.14) 350 (1.08) 0.0009
Metabolic syndrome, % 14 24 k] 39 <0.0001
Current smoker, % 19 20 26 35 <0.0001
Current alcohol use, % 27 27 35 kK] 0.006
Regular exercise, % 10 ] 9 12 0.2
Values are means (SD) or frequencies.

hs-CRP indicates high-sensitivity C-reactive protein; ECG, electrocardiographic: HDL, high-density lipoprotein; LDL, low-density

lipoprotein.

‘Binadﬁmsuezﬂ@%mmﬂgorumnimufmmmm

'Minnesota codes 3-1 or 4-1,2,3.

'Fasting glucose @ =7.0 mmol/L, postprandial blood glucose =11.1 mmol/L, or current use of hypoglycemic agents.
¥LOL cholesterol level was estimated using the Friedewald formula.

major clinical subgroups defined by the absence or presence
of other cardiovascular risk factors are shown in Table 4.
There were comparable effects of hs-CRP on the risk of CHD
for participants who were and those who were not hyperten-
sive (P homogeneity=0.7). Likewise, there were no clear
differences in the effects of hs-CRP for participants with and
without other cardiovascular risk factors such as diabetes,
obesity, hypercholesterolemia, metabolic syndrome, or smok-
ing habits (all P homogeneity >0.4).

U.UB'|
hs-CRP levels (mgiL)
3 —>1
0.06 -==0.44-1.02
--=0.21-043
0.044 -
——
0.024 2
E et
& 0.00- r . y
0 5 10 15
Follow-up (years)

Figure. Age- and sex-adjusted cumulative incidence of coro-
nary heart disease according to quartiles of high-sensitivity
C-reactive protein. hs-CRP indicates high-sensitivity
C-reactive protein,

Discussion

The present analysis demonstrated that serum hs-CRP levels
were clearly associated with future coronary events in a
general population of Japanese. The association between
hs-CRP and CHD was strong and continuous down to very
low hs-CRP levels of less than 0.21 mg/L. These associations
remained strong even after controlling for age, sex, systolic
BP. ECG abnormalities. diabetes, BMI, total and HDL
cholesterol, smoking habits, alcohol intake, and regular ex-
ercise. Furthermore, the effects of hs-CRP were comparable
for subjects with and without other cardiovascular risk factors
such as hyperension, diabetes, obesity, hypercholesterol-
emia, metabolic syndrome, and smoking habits,

Large-scale nested case-control studies have reported that
participants with incident CHD had higher levels of hs-
CRP45-11 Likewise, large-scale cohort studies have clearly
demonstrated that hs-CRP levels predicted future coronary
events.”'2 However, these studies were mainly conducted in
Western populations, and it is unclear to what extent these
associations apply to Japanese populations, The Honolulu
Heart Program has reported a clear association between
hs-CRP levels and the future development of CHD in a
population of Japanese Americans.®® The present analysis
from the Hisayama Study confirmed the results from these
previous observational studies in a general population of
Japanese, finding that the relative risks of increasing hs-CRP
levels for the development of CHD were similar to those
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Table 2. Incidence Rates and Adjusted Hazard Ratios for Development of Coronary Heart Disease According to Quartiles of

High-Sensitivity C-Reactive Protein
hs-CRP Levels, mg/L
<0.21 0.21 t0 0.43 0.44 to 1.02 >1.02

(n=648) (n=5647) (n=645) (n=5649) P Trend
No. of events/person-years 11/8589 22/8297 36/8073 60/7485
Crude Incidence rate (per 1000 person-years) 13 45 B0
Age- and sex-adjusted incidence rate 16 45 74
(per 1000 person-years)
Age- and sex-adjusted hazard ratio (95% CI) 1 (reference) 1.75 (0.85 to 3.61) 2.55(1.30 10 5.02) 3.96 (2.07 0 7.57) <0.0001
Multivariate-adjusted hazard ratio® (95% Cf) 1 (reference) 1.60 (0.77 10 3.31) 1.97 (0.98 to 3.95) 2.98(1.53 10 5.82) 0.0002

hs-CRP indicates high-sensitivity C-reactive protein; 95% CI, 95% confidence interval.
*Hazard ratios controlling for age, sex, systolic biood pressure, ECG abnormalities, diabetes, body mass index, total and HOL cholesterol, smoking habits, alcohol

intake, and regular exercise.

obtained from other observational studies conducted in West-
emn populations®™'2 or in a population of Japanese Ameri-
cans.?® These findings suggest that hs-CRP is an important
risk factor for CHD among Japanese as well as among
Westerners.

In the present analysis, hs-CRP levels in Japancse (median
0.43 mg/L) were much lower than those in Western popula-
tions (median approximately 1.5 to 2.0 mg/L).2"=* This is

consistent with the findings of other cross-sectional studies in
which Asian subjects had lower hs-CRP levels compared to
Western subjects.2'-24 The reason for this ethnic difference is
not clearly resolved, but genetic diversity has been reported o
influence hs-CRP levels.*® The relatively low BMI in Japa-
nese and differences in diet and lifestyle may also have
modulated hs-CRP levels.*® The Honolulu Heart Program
reported a median hs-CRP level of 0.54 mg/L. among Japa-

Table 3. Mortality Rates and Adjusted Hazard Ratios for Total and Cause-Specific Deaths According to Quartiles of

High-Sensitivity C-Reactive Protein

hs-CRP Levels, mg/L
<0.21 0.21 to 0.43 0.44 to 1,02 =1.02
(n=0648) (n=647) (n=645) (n=648) P Trend
Total deaths
No. of events/person-years 79/8624 106/B365 14378181 217/7626
Age- and sex-adjusted mortality rate 127 189 235
{per 1000 person-years)
Age- and sex-adjusted hazard ratio 1 (reference) 1.08 (0.81 to 1.45) 1.30(0.99101.72) 1.80(1.39 ta 2.34) ==0.0001
(95% CI)
Multivariate-adjusted hazard ratio* 1 (reference) 1.13 (0.84 to 1.51) 1.41(1.06 10 1.87) 1.85(1.41 10 2.43) <0.0001
(85% CI)
Cardiovascular deaths
No. of events/person-years 16/8624 28/8365 47/8181 67/7626
Age- and sex-adjusted mortality rate 2.2 6.0 172
(per 1000 person-years)
Age- and sex-adjusted hazard ratio 1 (reference) 1.38 (0.75 t0 2.55) 2.15(1.22 to 3.80) 2.77 (1.60 lo 4.80) =<0.0001
(85% CI)
Multivariate-adjusted hazard ratio® 1(reference)  1.40(0.75102.60)  2.28(1.27t04.09)  3.00(1.70 lo 5.28) <0.0001
(95% CI)
Noncardiovascular deaths
No. of evenls/person-years 63/8624 78/B365 96/8181 150/7626
Age- and sex-adjusted mortality rate 10.5 129 16.4
(per 1000 person-years)
Age- and sex-adjusted hazard ratio 1 (reference) 1.00 (0.72 t0 1.40) 1.09 (0.79 to 1.50) 1.55(1.151t0 2.08) 0.0004
(85% CI)
Multivariate-adjusted hazard ratio™ 1 (reference) 1.06 (0.76 fo 1.48) 1.18 (0.85 to 1.64) 1.56 (1.14 0 2.13) 0,001
(95% CI)

hs-CRP indicates high-sensitivity C-reactive protein; 95% CI, 95% confidence interval.
*Hazard ratios controlling for age, sex, systolic blood pressure, ECG abnormalities, diabetes, body mass index, total and HDL cholesterol, smoking

habits, alcohol intake, and regular exercise.
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Table 4. Age- and Sex-Adjusted Hazard Ratios of High-Sensitivity C-Reactive Protein (Highest vs Lowest
Quartiles) for Development of Coronary Heart Disease Among Major Clinical Subgroups Defined by the

Absence or Presence of Other Cardiovascular Risk Factors

No. ol Events/Person-Years

Highest Quartile Lowest Quartile Hazard Ratio®
{hs-CRP>1.02 mg/l) {hs-CRP<<0.21 mg/L) (85% Cf) P Homogeneity
Hypertensiont
Absent 18/3843 6/6224 3.18(1.25 10 B.08) 0.7
Present 423643 5/2365 4.27 (1.68 to 10.82)
Diabetest
Absent 45/6276 /8122 3.73(1.81107.68) 07
Present 15/1210 2467 284(065101243)
Obesity§
Absent 45/5113 107412 3.63(1.81 10 7.28) 07
Present 15/2373 umm 542(0.71 10 41.35)
Hypercholesterolemial
Absent 32/4448 5/5975 4.74 (1.83 to 12.26) 04
Present 28/3037 6/2614 2.83(1.16 to 6.88)
Metabolic syndrome]
Absent 27/4340 717068 334(1.44107.75) 1.0
Present 29/2631 22 3.31(1.00 10 10.92)
Current smoking
Absent 34/4910 97030 3.39(1.61107.15) 05
Present 26/2576 211559 5.94 (1.40t0 25.12)

hs-CRP indicates high-sensitivity C-reactive protein: 85% Cl, 95% confidence interval,

*Hazard ratios for the highest vs the lowest quartile of high-sensitivity C-reactive protein,

tBlood pressure =140/90 mm Hg or current use of antihypertensive agents.

{Fasting glucose =7.0 mmol/L, postprandial blood glucose =11.1 mmoliL, or current use of hypoglycemic agents.

§Body mass index =25Kg/mF.
[Total cholesterol =5.69 mmol/L.

YDefined by the modified National Cholesterol Education Program Aduft Treatment Panel il criteria.

nese Americans without CHD,2° which was lower than that of
Western populations but higher than that obtained from the
present analysis, These findings suggest that lower hs-CRP
levels among Asian populations are derived from differences
in genetic factors as well as differences in BMI, diet, and
lifestyle,

Another important finding obtained from the present anal-
ysis is that the association between hs-CRP levels and CHD
was continuous from very low hs-CRP levels and that a
slightly elevated hs-CRP level of more than 1 mg/L was
clearly associated with increased risk of future coronary
events in Japanese. Similar findings were obtained from the
Honolulu Heart Program, whose subjects were Japanese
American.2® A low cut-off point of hs-CRP (<1 mg/L) has
also been suggested as the target of lipid lowering therapy
with statin for maximum reduction of recurrent coronary
events or deaths among Western patients with acute coronary
syndrome.*-** These findings imply that the association
between hs-CRP and CHD are likely to be continuous down
to very low hs-CRP levels among Asian as well as Western
subjects. The American Heart Association and the Centers for
Discase Control have recommended categorizing subjects
using hs-CRP cut-off points of <1, 1 to 3, and >3 mg/L into
low-, average-, and high-risk categories, respectively, based

mainly on the findings obtained from studies done in Western
populations.®® Among Asian subjects whose hs-CRP levels
are much lower than those of Western subjects, however, an
hs-CRP level of >1 mg/L is likely to be the cut-off point for
the high-risk category.

In the present analysis, the effects of hs-CRP on the nisks
of future coronary events were independent of other cardio-
vascular risk factors and did not differ between participants
with and those without traditional risk factors such as
hypertension, diabetes, obesity, hypercholesterolemia, meta-
bolic syndrome, or smoking habits. These results suggest that
measurement of hs-CRP is likely to provide additional
information for the detection of high-risk individuals among
subjects without traditional risk factors as well as for the
detection of extremely high-risk individuals among those
with traditional risk factors. This finding is consistent with
other observational studies suggesting that inclusion of hs-
CRP into risk prediction models improves the accuracy of
cardiovascular risk classification.¥'32

Several limitations of our study should be discussed. The
primary limitation is that we estimated the cut-off point of
hs-CRP for detection of high-risk subjects based on analysis
using quartile groupings despite continuous relationships
between hs-CRP and the nsks of CHD. The cut-off point
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could change depending on the way of grouping the subjects
or on the way of selecting the reference group. Given that this
limitation might have overestimated the cut-off point, the true
cut-off point for detection of high-risk subjects may be lower
than 1 mg/L. A second limitation is that our findings are
based on a 1-time measurement of serum hs-CRP, which may
not accurately reflect the staws of a study panicipant.
However, this source of variability could not account for the
relationship observed in the present study, because a random
misclassification of such nature would tend to underestimate
study findings and bias the results toward the null hypothesis.
Thus, the true association may be stronger than that observed
in our study. A third limitation is that the serum samples were
measured after being stored at —20°C for a long period.
However, the Reykjavik Study confirmed the stability of CRP
concentrations in serum preserved at this temperature for an
average of 12 years.'? The last limitation is that our study
lacked information on drug use at baseline and during the
follow-up period. It is known that several medications,
including statin, angiotensin-converting enzyme inhibitors,
fibrates, niacin, thiazolidinedione, and estrogen/progestogen
hormone can alter CRP levels.” However, these medications
were rarely used in Japan in 1988, when the serum samples
for our study were collected. This suggests that such a bias
did not invalidate the present findings. It is also known that
some medications have been shown to be beneficial for
prevention of CHD, and high-risk individuals with higher
hs-CRP levels were likely to receive these medications.
Given that this limitation might have underestimated the
association between hs-CRP and CHD, the true association
may be stronger than that obtained from the present analysis.

In conclusion, the present analysis has clearly demon-
strated that hs-CRP levels were associated with future coro-
nary events in a general population of Japanese. In Japanese
populations, the hs-CRP cut-off point for high-risk of future
development of CHD is likely to be >1.0 mg/L, which is
much lower than that for Western populations. High-risk
approaches for the prevention of CHD using hs-CRP mea-
surement are likely to provide additional protection against
the burden of CHD in Japan.

Sources of Funding
This study was supported in part by Grants-in-Aid for Scientific
Research A (No.18209024) and C (No.19590633) from the Ministry
of Education, Culture, Sports, Science, and Technology of Japan.

Disclosures

References

I. World Health Organization. The Atlas of Heart Disease and Stroke,
Geneva: World Health Organization; 2004,

2. World Health Organization. Preventing Chronic Disease: A Vital
Investment. Geneva: World Health Organization; 2005,

3. Kubo M, Kiyohara Y, Kato |, Tanizaki Y, Arima H, Tanaka K, Nakamura
H, Okubo K, lida M. Trends in the incidence, mortality, and survival rate
of cardiovascular disease in a Japanese community: the Hisayama stuiy.
Stroke, 2003;34:2349-2354,

4, Berliner JA, Navab M, Fogelman AM, Frank JS, Demer LL, Edwards PA,
Watson AD, Lusis AJ. Atherosclerosis: basic mechanisms. Oxidation,
infMlammation, and genetics. Circularion. 1995,91:2488 -24%6,

2l

22

23,

. Pai JK, Pischon T, Ma J, M

. Friedewald W, Levy R, Fredrickson D. Esti

. Ridker PM, Cushman M. Stampfer MJ, Tracy RP, Hennekens CH.

Inflammation, aspirin, and the risk of cardi ular disease in app
healthy men. N Engl J Med. 1997:336:973-979.

Folsom AR, Aleksic N, Catellier D, Juneju HS, Wu KK. C-reactive
protein and incident coronary heart discase in the Atherosclerosis Risk In
Communitics (ARIC) study, Am Hearr J, 2002;144:233-238.

. Ridker PM, Rifai N, Rose L, Buring JE, Cook NR. Comparison of

C-reactive protein and low-density lipoprotein cholesterol levels in the
prediction of first cardiovascular events. N Engl J Med. 2002;347:
1557-1565.

Luc G, Bard JM, Juhan-Vague I, Ferrieres J, Evans A, Amouyel P,
Arveiler D, Fruchan ]C Ducimetiere P. C-reactive protein, interleukin-6,
and fibrinogen as p of ¥ hean disease: the PRIME Study.
Arterioscler Thromb Vase Biol. 2003; 13 1255-1261.

JE, Hanki SE, Joshipura K, Curhan
GC, Rifai N, Cannuscio CC, Smmpfer MJ, Rimm EB. Inflammatory
markers and the risk of coronary heant discase in men and women. N Engl
J Med. 2004;351:2599-2610.

. Danesh J, Wheeler JG, Hirschficld GM, Eda S, Eiriksdotir G, Rumley A,

Lowe GD, Pepys MB, Gudnason V. C-reactive protein and other circu-
lating markers of infl ion in the prediction of y heart
discase. N Engl J Med. 2004;350: 1387-1397.

. Boekholdt SM, Hack CE, Sandhu MS, Luben R, Bingham SA, Warcham

NJ, Peters RJ, Jukema JW, Day NE, Kastelein 1), Khaw KT. C-reactive
protein levels and coronary anery disease incidence and mortality in
apparently healthy men and women: the EPIC-Norfolk prospective pop-
ulation study 1993-2003. Atherosclerosis. 2006;187:415-422.

. Sattar N, Murray HM, McConnachie A, Blauw GJ, Bollen EL, Buckley

BM, Cobbe SM, Ford |, Gaw A, Hyland M, Jukema JW, Kamper AM,
Macfarlane PW, Murphy MB, Packard CJ, Perry U, Ston DJ, Sweeney
BJ, Twomey C, W jorp RG, Shepherd J. C: ive protein and
prediction of coronary heant disease and global vascular events in the
Prospective Study of Pravastatin in the Elderly at Risk (PROSPER).
Circulation. 2007;115:981-989.

. Wakugawa Y, Kiyohara ¥, Tanizaki ¥, Kubo M, Ninomiya T, Hata J,

Dol ¥, Okubo K, Oishi Y, Shikata K. Yonemowo K, Macbuchi D,
Ibayashi §, lida M. C-reactive pron:m and risk of !'rst-c\r:r ischemic and
hemorthagic siroke in a general population: the Hisay
Study. Stroke. 2006;37:27-32.

. Arima H, Tanizaki Y, Kiyohara Y, Tsuchihashi T, Kato I, Kubo M,

Tanaka K. Ohkubo K, Nak H, Abe 1, Fujish M, lida M. Validity
of the INC VI rec fations for the 2 of hyy ion in
a general population of Jupanese elderly: the Hisayama Study. Arch
Intern Med. 2003;163:361-366.

. Arima H, Kiyohara ¥, Kato I, Tanizaki Y, KulnM Iwamoto H, Tanaka K, Abe

LFu_pshmIM Alcohol reduces insulin} lationship in a penerl
ﬂ:lﬁuymmlylamwmmm

. World Health Organization. ICD-10: International Sistical Classifi-

cation of Diseases and Related Health Problems: Tenth Revivion - Il
Edition. Geneva: World Health Organization; 2004,

ion of the conc ion of
low density lipoprotein cholesterol in plasma withoul the use of the
preparative ultracenirifuge. Clin Chem. 1972;18:499-502.

Expert Panel on Detection, Evaluation, and Trestment of High Blood
Cholesterol In Adults (Adult Tremtment Panel [11). Executive summary of
the third report of the National Cholesterol Education Program (NCEP).
JAMA. 2001;285:2486-2497.

. World Health Organisation/International Association for the Swudy of

Obesity/International Obesity Task Force. The Asia-Pacific Perspective:
Redefining Obesity and its Treatment. Available ar: hup/iwww.diabetes.
com.au/pdifobesity_report.pdf.

. Sakkinen P, Abbor RD, Curb JD, Rodriguez BL, Yano K, Tricy RP, Coreactive

protemn and myocardial infarction. J Clin Epidemiol. 2002.55:445-451.

Alben MA, Glyon R, Bunng J, Ridker PM. C-reactive protein levels
among women of various ethnic groups living in the United States (from
the Women's Health Study). Am J Cardiol. 2004:93:1238-1242.
Matthews KA, Sowers MF, Derby CA, Stein E, Mirxle MeMahill H,
Crawford SL, Pastemak RC. Ethnic diff in lar risk
factor burden among middle-aged women: Study of Women's Health
Across the Nation (SWAN), Am Heart J, 2005;149:1066 - 1073,
Ishikawa J, Tamura Y, Hoshide S, Eguchi K, Ishikawa S, Shimada K,
Kario K. Low-grade inflammation is a risk factor for clinical stroke
events in addition to silent cerchral infarcts in Japanese older hyper-
tensives: the Jichi Medical School ABPM Study, wave |, Srroke, 2007,
38:911-917.




24,

25,

Arima et al

Matsushita K, Yatsuya H, Tamakoshi K, Yang PO, Otsuka R, Wada K,
Mitsuhashi H, Hotta Y, Kondo T, Murchara T, Toyoshima H. High-
sensitivity C-reactive protein Is quite low in Japanese men at high
coronary risk. Circ J. 2007,71:820-825.

MacGregor A, Gallimore JR, Spector TD, Pepys MB. Genetic :fﬁam on
baseline values of C-reactive protein and serum amyloid a protein: 8

of monozygotic and dizygotic twins. Clin Chem. 2004,50:130-134,

26. Ledue TB, Rifai N. Preanalytic and snalytic sources of variations in

7.

C ive protein implications for cardiovascular disease
risk assessment. Clin Chem. 2003;49:1258-1271.

Ridker PM, Cannon CP, Momrow D, Rifai N, Rose LM, McCabe CH,
Pfeffer MA, Braunwald E. C-reactive protein levels and outcomes after
statin therapy. N Engl J Med, 2005;352:20-28,

. Ridker PM, Morrow DA, Rose LM, Rifai N, Cannon CP, Braunwald E.

Relative efficacy of atorvastatin 80 mg and pravastatin 40 mg in
achieving the dual goals of low-density lipoprotein cholesterol <70 mg/dl
and C-reactive protein <2 mg/: an analysis of the PROVE-IT TIMI-22
trial. J Am Coll Cardiol. 2005;45:1644 1648,

. Morrow DA, de Lemos JA, Sabatine MS, Wiviott 5D, Blazing MA, Shui

A, Rifai N, Califf RM, Braunwald E. Clinical relevance of C-reactive
protein during follow-up of patients with acute coronary syndromes in the
Aggrastat-to-Zocor Trial. Circularion. 2006:114:281-288,

CRP and Coronary Heart Disease in Japanese

30.

3.

1391

Pearson TA, Mensah GA, Alexander RW, And IL, Cannon RO 11,
Criqui M, Fadl YY, Fortmann SP, Hong Y, Myers GL, Rifai N, Smith SC
Jr, Tauben K, Tracy RP, Vinicor F. Markers of inflammation and car-
diovascular discase: application w clinical and public health practice: a
staiement for healthcare professionals from the Centers for Discase
Control and Prevention and the Am Heant Association. Circulation.
2003;107:499-511.
Cook NR, Bunng JE, Ridker PM. The effect of including C-reactive
in cardi lar risk prediction models for women. Ann Intern
Med. 2006;145:21-29.
Ridker PM, Buring JE, Rifai N, Cook NR. Development and vali-
dation of imp Igorithms for the of global cardio-
vascular risk in women: the Reynolds Risk Score, JAMA. 2007;297:
611-619.
Pearson TA, Bazzarre TL, Danicls SR, Fair JM, Fortmann SP, Franklin
BA, Goldstein LB, Hong Y, Mensah GA, Sallis JF Jr, SmuhSJr Slune
NlTauhcrtKA.AmHun‘ iation guide for imp g
cular health at the y level: a 1 for public health prac-
litioners, healthcare pmwd:n. and health policy makers from Ihe Am
Heart Association Expert Pancl on Population and Py i
Circulation. 2003;107:645-651.




1339

Original Article

Arterial Stiffness and QT Interval Prolongation in a
General Population: The Hisayama Study

Daisuke MAEBUCHI", Hisatomi ARIMA", Toshiharu NINOMIYA", Koji YONEMOTO",
Michiaki KUBQY, Yasufumi DOI?, Yumihiro TANIZAKI?, Kiyoshi MATSUMURA?,
Mitsuo IIDA?, and Yutaka KIYOHARA"

Few population studies have addressed the association of QT interval prolongation with clinical or subclin-
ical arterial disease. The primary objective here was to examine the relationship between the pulse wave
velocity (PWV) and the heart rate—corrected QT interval duration (QTc). This is a cross-sectional study,
based on a survey of a general population of Japanese. We examined 2,666 community-dwelling individuals
without history of cardiovascular disease, aged 40 or over. The PWV was measured between the brachial
and ankle regions (baPWV). QTc was estimated using Bazett's equation. The age-adjusted mean values of
QTc incr d prog ively with rising baPWV levels for either sex: for men, 397, 401, 403, and 406 ms for
quartile groups defined by baPWV values of less than 1,369, 1,370 to 1,560, 1,561 to 1,840, and 1,841 or
greater cm/s, respectively (p<0.0001 for trend); for women, 406, 410, 414, and 417 ms for quartile groups
defined by baPWV of less than 1,269, 1,270 to 1,493, 1,494 to 1,821, and 1,822 or g cm/s, respectively
(p<0.0001 for trend). When male and female subjects were combined, this positive relationship between
baPWV and QTc remained significant, even after controlling for age, sex, hypertension, ECG abnormalities,
dyslipidemia, diabetes, obesity, serum calcium and potassium, alcohol intake, and smoking habits
(p<0.0001 for trend). In conclusion, baPWV is independently associated with QT interval prolongation.
(Hypertens Res 2008; 31: 1339-1345)

Key Words: pulse wave velocity, QT interval duration, epidemiology

clearly defined, Recently, several epidemiological studies
have shown that QT interval prolongation predicts the risks of

Introduction clinical arterial disease (5-9) as well as sudden cardiac death
The QT interval duration on an ECG represents the duration (5). Likewise, a few cross-sectional studies have suggested a
of ventricular depolarization and repolarization (/. 2). It has positive association between QT interval prolongation and
been suggested that disturbance of cardiac ion channels (/, 2), subclinical arterial disease, such as carotid intima media
decreased autonomic tone (J3), and myocardial ischemia/ thickness (/0-12). However, there is significant uncertainty
infarction (4) extend the QT interval duration, but the etiology about the association between QT interval prolongation and
of the acquired form of QT interval prolongation has not been other forms of subclinical arterial disease.
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Table 1. Age-Adjusted Mean Values or Frequencies of Relevant Factors According to Brachial-Ankle Pulse Wave Velocity

Quartiles in 1,089 Men
Brachial-ankle pulse wave velocity (cm/s)
Variables 963-1,369 1,370-1,560 1,561-1,840 1,841-3,690 p for trend
(n=270) (n=273) (n=276) (n=270)

Age (years) 514484 55.6+9.6 60.2+9.7 68.9+89 <0.0001
Heart rate (bpm) 60.149.9 634499 65.2£10.0 70.4£9.9 <0.0001
Systolic blood pressure (mmHg) 1164164 126,9£14.9 138.9+15.0 151.2+164 <0.0001
Diastolic blood pressure (mmHg) 71.1£9.9 78.619.9 84.6110.0 91.21£9.9 <0.0001
Hypertension (%) 11.8 294 60.8 89.5 <0.0001
Antihypertensive drugs (%) 5.1 13.6 222 212 <0.0001

B-Blocker (%) 23 28 53 35 0.15

Calcium channel blocker (%) 43 93 20.7 16.5 <0.0001

ACE inhibitor (%) 0.9 28 5.0 5.1 0.0014

ARB (%) 1.8 56 3.0 4.1 0.65
ECG abnormalities (%) 11.5 14.5 174 18.9 0.001
Total cholesterol (mmol/L) 5.0£0.9 5.0+09 5.1+09 5.1x09 0.23
HDL cholesterol (mmol/L) 1.5+04 1.5+0.4 14404 1.50.4 0.46
LDL cholesterol (mmol/L) 31209 31408 3.0+0.8 3.0%£0.9 0.25
Triglyceride (mmol/L) 1.3£14 1.5+1.3 1.9£1.3 1.9£1.5 <0.0001
Dyslipidemia (%) 46.6 50.5 554 59.8 0.002
Fasting plasma glucose (mmol/L) 58£15 6.1+1.4 63+1.3 6.7+1.5 <0.0001]
HbAle (%) 4.9+0.8 5.0+08 51108 53110 <0,0001
Diabetes (%) 12.6 15.0 20.5 437 <0.0001
BMI 230133 234433 23.84+33 23.813.3 0.01
Obesity (%) 30.2 29.5 320 532 0.09
Serum calcium (mmol/L) 2.340.1 2340.1 23101 2340.1 0.10
Serum potassium (mmol/L) 44403 44103 43403 43403 0.08
Alcohol intake (%) 65.7 65.1 74.2 75.5 0.0006
Habitual smoking (%) 557 45.1 45.1 373 0.04

Values are age-adjusted means+SD or frequencies, ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; HDL
high-density lipoprotein; LDL, low-density lipoprotein; BMI, body mass index.

Aortic pulse wave velocity (PWV) is an established marker
for subclinical arterial disease (/3. 14) as well as for arterial
stiffness (/5). Brachial-ankle PWV (baPWV) has also been
shown to be closely associated with aortic PWV and 1o be an
excellent functional marker for subclinical arterial disease
(16).

The present cross-sectional study evaluates the association
of baPWV with heart rate-corrected QT interval duration
(QTe) in a general population of Japanese.

Methods

Study Population

The Hisayama Study is an ongoing population-based epide-
miological study designed to investigate the morbidity and
mortality of cardiovascular disease and its risk factors in the
town of Hisayama, Japan. The design of the Hisayama Stody
has been described in detail clsewhere (/7). The present

cross-sectional study was based on a screening survey con-
ducted in 2002 and 2003. A total of 3,328 residents aged 40
years or over (77.6 % of the total population of this age group)
participated in the examination and underwent a comprehen-
sive assessment including baPWV and ECG. Of these, 242
subjects for whom there was no information on baPWV or
ECG, 54 subjects who were likely to have peripheral arterial
disease (ankle-brachial index <0.9), 189 subjects with atrial
fibrillation or intraventricular conduction disturbance (QRS
interval > 120 ms), 30 subjects with elevated heart rate (> 100
beats/min), 22 subjects who did not take a fasting blood test,
16 subjects taking medication affecting the QT interval dura-
tion (ie., antiarthythmic drugs, antibiotics, antipsychotic
agents or antihistamines) (2), 111 subjects with a history of
cardiovascular disease (myocardial infarction, coronary
revascularization or stroke), and 30 subjects who refused to
participate in the present study were excluded from the anal-
yses. The final study group comprised 2,666 subjects (1,089
men and 1,577 women).
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