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Table 2. Age-Adjusted Mean Values or Frequencies of Relevant Factors According to Brachial-Ankle Pulse Wave Velocity

Quartiles in 1,577 Women

Brachial-ankle pulse wave velocity (cm/s)

Variables 900-1,269 1,270-1,493 1,494-1.821 1.822-4,128 p for wrend
(n=395) (n=392) (n=396) (n=394)
Age (years) 497468 56.0+8.4 62.749.2 71.548.4 <0.0001
Heart rate (bpm) 62.9£11.9 64,9199 68.6£10.0 728119 <0.0001
Systolic blood pressure (mmHg) 1075179 121.74£15.8 135.2+15.9 150.5£19.9 <0.0001
Diastolic blood pressure (mmHg) 639+11.9 73.519.9 80.2+10.0 87.4+11.9 <0.0001
Hypenension (%) 32 16.9 50.2 85.5 <0.0001
Antihypertensive drugs (%) 25 74 25.7 475 <0.0001
B-Blocker (%) 0.2 1.4 26 6.0 0.0001
Calcium channel blocker (%) 19 6.1 20.5 38.1 <0.0001
ACE inhibitor (%) 0.0 0.5 13 6.9 <0.0001
ARB (%) 0.2 0.9 5.1 9.8 <(.0001
ECG abnormalities (%) 3.0 8.4 10.3 30.9 <0.0001
Total cholesterol (mmol/L) 5210 5.5x09 56109 54+1.0 0.01
HDL cholesterol (mmol/1.) 1.8+0.5 1.8+£04 1.7+0.4 1.610.5 0.0002
LDL cholesterol (mmol/L) 32409 34408 34408 3310 0.15
Triglyceride (mmol/L) 0.9+0.8 1.1£0.7 1.3£0.7 14109 <(.0001
Dyslipidemia (%) 492 53.5 58.8 68.4 0.0001
Fasting plasma glucose (mmaol/L) 54%1.2 58+1.1 6.0+1.1 64+1.3 <0.0001
HbAlc (%) 48408 5.0£0.6 5.110.6 53408 <0.0001
Diabetes (%) ER | 8.6 124 343 <0.0001
BMI 21,740 22.8+4.0 23.6+4.0 24.0+4.0 <0.0001
Obesity (%) 28.4 24.6 30.5 39.6 0.0004
Serum calcium (mmol/L) 2.3+0.1 2301 2.310.1 2.3%0.1 0.01
Serum potassium (mmol/L) 43104 4304 43404 42404 0.003
Alcohol intake (%) 225 29.3 311 293 0.69
Habitual smoking (%) 21.0 63 94 4.7 0.49

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

Measurements of QTc and baPWV

Standard, resting 12-lead ECG was performed using an ECG
device (FCP-4266; Fukuda Denshi, Tokyo, Japan) in the
supine position in the morning. Heart rate (bpm) and QT
interval duration (ms) were determined automatically using
the PI-10 ECG Analysis Program (Fukuda Denshi). The pro-
gram calculated the QT interval duration from the beginning
of QRS 1o the end of the T wave. The QT interval duration
was corrected for heart rate by calculating QTc according to
Bazett’s equation (/8).

QTc = QT interval duration [ms]/(60/heart rate)'”

The baPWV was measured in the supine position after at
least 5 min of rest using a volume-plethysmographic appara-
tus (Form PWV/ABI; Colin, Komaki, Japan), as described
previously (/9). Briefly, cuffs to measure baPWV were
wrapped on both brachia and ankles. PWV at the brachia and
ankles were recorded using a semiconductor pressure sensor.
Volume waveforms were stored with automatic gain analysis

-

and quality adjustment. BaPWV was automatically calculated
according to the following equation: baPWV = (L.— Ly)/T,
with L, being the distance from the heart to each ankle, Ly the
distance from the heart to the right upper arm, and 7 the time
delay from the right brachial waveform to each ankle wave-
form.

All clinical examinations including 12-lead ECG, measure-
ment of baPWV and blood test were conducted on the same
day.

Relevant Factors

At baseline examination, a self-admimstrated questionnaire
concerning current drug use including antihypertensive
agents (e.g., P-blocker, calcium channel blocker, angiotensin
converting enzyme inhibitor or angiotensin receptor blocker),
smoking, and alcohol intake was completed in advance by
each participant and was checked by trained interviewers at
the screening. These variables were classified as being either
habitual or not. Blood pressure was measured three times
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after the subject had rested for at least 5 min using a semiau-
tomatic device (BP203RVIII; Colin) based on the cuff-oscil-
lometric principle with the subject in the sitting position. The
mean of the three measurements was used for the present
analysis. Hypertension was defined as a systolic blood pres-
sure 2140 mmHg, a diastolic blood pressure 290 mmHg, or
current use of antihypertensive agents, ECG abnormalities
were defined as Q wave (Minnesota codes, 1-1, 2, 3), left
ventricular hypertrophy (3-1) or ST depression (4-1, 2, 3).
Body height and weight were measured in light clothing with-
out shoes, and body mass index (BMI) was calculated as
weight in kg divided by height in m squared. Blood samples
were collected from an antecubital vein after an overnight fast
for the determination of lipids, plasma glucose levels, serum
calcium, and potassium. Serum total cholesterol, triglycer-
ides, low-density lipoprotein (LDL)- and high-density lipo-
protein (HDL)-cholesterol concentrations were determined
enzymatically. Fasting blood glucose levels were measured
by the glucose oxidase method. Hemoglobin Alc levels were
measured by high-performance liquid chromatography. Dys-
lipidemia was defined as total cholesterol =25.68 mmol/L,
LDL-cholesterol 24.13 mmol/L, HDL-cholesterol <1.03
mmol/L, triglycerides = 1.69 mmol/L, or current use of lipid-
lowering agents. Diabetes was defined according to the crite-
ria recommended by the American Diabetes Association (20),
in addition to a medical history of diabetes. Obesity was
defined as BMI =25.0 kg/m®.

Statistical Analysis

The age-adjusted frequencies of relevant factors in quartile
groups defined by baPWV were calculated by means of the
direct method using the total study population as a standard
and were compared using age-adjusted logistic regression
models. The age-adjusted mean values of QTc and relevant
factors in quartile groups defined by baPWV were calculated
using covariance analysis and compared using multiple
regression models, Multivariate-adjusted mean values of QTe
in the four baPWV groups were estimated using multiple
regression models including age, gender, hypertension, ECG
abnormalities, dyslipidemia, diabetes, obesity, serum calcium
and potassium levels, alcohol intake, and habitual smoking.
Comparisons of the relationships of baPWV with QTc among
subgroups were carried out by adding an interaction term to
the statistical models. p values less than 0.05 were considered
statistically significant. Statistical analyses were performed
using the SAS program package (SAS Institute, Cary, USA).

Ethical Considerations

The ethics committee of Kyushu University approved this
study, all participants provided written informed consent, and
the procedures followed were in accordance with national
guidelines.
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Fig. 1. Age-adjusted mean values of heart rate—corrected
QT interval duration according to quartiles of brachial-ankle
pulse wave velocity levels for men (solid circles) and women
(solid boxes). For men, the quartile groups were defined by
baPWV values of less than 1,369, 1,370 10 1,560, 1,561 to
1,840, and 1,841 or greater; and for women, by baPWV of
less than 1,269, 1,270 to 1,493, 1,494 10 1,821, and 1,822 or
greater. The centers of the circles or boxes are placed at the
estimares of mean values. Vertical lines represent SEM for
mean values. *p<0.01 vs. the lowest quartile group.
p<0.0001 for trend in both men and women.

Results

The mean value of QTc was 401.7 ms (8D, 21.5; range,
328.0-494.0) for men and 411.7 ms for women (SD, 23.3;
range, 295.0-554.0). Baseline characteristics of male and
female participants according to quartile groups defined by
baPWV are shown in Tables 1 and 2, respectively. For men,
the quartile groups were 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; and for women, by baPWYV of less than 1,269,
1,270 to 1,493, 1,494 to 1,821, and 1,822 or greater cm/s. The
subjects with higher baPWV levels were significantly older.
The frequencies of hypertension, dyslipidemia, diabetes, obe-
sity, and alcohol intake increased with rising baPWV levels,
while an inverse association was observed for the frequency
of habitual smoking,

Figure | shows the age-adjusted mean values of QTc
according to quartiles of the baPWV levels by sex. The age-
adjusted mean values of QTc linearly increased with rising
baPWYV levels for men and women: for men, 396.7, 401.4,
403.2, and 405.6 ms for the 1st to 4th quartile groups, respec-
tively (p<0.0001 for trend): for women, 405.7, 409.9, 413.8,
and 417.4 ms for the 1st to 4th quartile groups, respectively
(p=<0.0001 for trend). When the Friedrich formula was used
for estimation of QTc, similar associations were observed
between baPWV and QTc in both men and women
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Table 3. Age- and Sex-Adjusted Mean Values of Heart Rate—Corrected QT Interval Duration According to Brachial-Ankle

Pulse Wave Velocity Quartiles and Relevant Factors

Quartiles of brachial-ankle pulse wave velocity — p for )
Ql Q2 Q3 Q4 homogeneity
Hypertension
No (n=1,618) 402409 4058109 408.8+1.3 410819 <0.0001 0.43
Yes (n=1,048) 402.8+3.9 408.8+2.0 409.7+1.3 412.8+1.2 0.01
Dyslipidemia
No (n=1,202) 403.1+1.4 4059+1.3 410.0+1.4 408.6+1.8 0.03 0.14
Yes (n=1,464) 4013114 407.0£1.2 408.8+1.1 414512 <0.0001
Diabetes
No (n=2,243) 402.4%1.0 4064109 408.7+0.9 411.9£1.2 <().0001 0.39
Yes (n=423) 404.1£3.8 407.6+2.7 411.7+£2.2 4129+1.9 0.06
Obesity
No (n=1,938) 402.7£1.1 406.4%+1.0 408.7+1.0 411.2+1.2 <0.0001 0.19
Yes (n=728) 401.74£20 406.9+1.7 410.5+1.6 4148418 <0.0001
ECG abnormalities
No (n=2,196) 402.2+£1.0 405.8+0.9 409.1+£0.9 411.8+£1.2 <0.0001 0.43
Yes (n=470) 402.3+3.7 411.1£2.9 410.6+2.3 413.7+2.1 0.04
Alcohol intake
No (n=1,504) 4043114 408.1:+1.2 410.6+1.2 413.6+1.3 <().0001 0.34
Yes (n=1,162) 3998+1.4 404.4%1.3 407.6+1.3 4109+1.6 <0.0001
Habitual smoking
No (n=2,068) 403.9+1.2 407.2%+1.0 409.7+1.0 413.7£1.1 <0.0001 0.21
Yes (n=598) 397.2+1.6 404.1£1.7 408.1+1.8 407.5+£2.3 0.0003

Values are age- and sex-adjusted meanstSEM.

Table 4. Ape- and Sex-Adjusted Mean Values of Heart Rate-Corrected QT Interval Duration According to Brachial-Ankle
Pulse Wave Velocity Quartiles and the Number of Relevant Factors

Quartiles of brachial-ankle pulse wave velocity

Number of relevant factors Q 3 o p for trend
0-1 (n=903) 406.0+1.6 404.0+1.4 408.1+1.4 411.6+1.7 0.001
2-3(n=1313) 402.5+1.4 404.8£1.3 409.4£1.3 410.4£1.5 0,003
4-7 (n=450) 407.4+23 407.7+2.2 413.9+2.2 4]13.5+24 0.02

Values are age- and sex-adjusted means+SEM. Relevant factors: hypertension, dyslipidemia, diabetes, obesity, ECG abnormalities,

alcohol intake, and habitual smoking.

(p<0.0001 for trend in both sexes). In the following analyses,
male and female subjects were combined because the rela-
tionships of baPWV 10 QTc were comparable between men
and women.

Table 3 shows the age- and sex-adjusted mean values of
QTe according to quartiles of the baPWV levels for sub-
groups of participants defined on the basis of the presence or
absence of hypertension, dyslipidemia, diabetes, obesity,
ECG abnormalities, alcohol intake, or smoking habits, There
were comparable relationships between baPWV and QTc for
participants who were and were not hypertensive. Likewise,
there were no interactions in the relationships of baPWV with
QT¢ between subgroups defined by every other relevant fac-
tor (all p values for interaction >0.03). There were also com-

parable relationships of baPWV  with QTec between
participants who were and were not taking antihypertensive
agents or lipid-lowering agents (p for interaction >0.5). We
also estimated the age- and sex-adjusted mean values of QTe
according to quartiles of the baPWV levels by the number of
relevant factors (Table 4). There was a significantly positive
relationship between baPWV and QTc in each of the groups
defined by a number of cardiovascular risk factors of 0-1, 2—
3, and 4-7.

Figure 2 shows the multivariate-adjusted mean values of
QTec according to quartiles of the baPWV levels, The multi-
variate-adjusted mean values of QTc significantly increased
with rising baPWV levels, even after controlling for age, sex,
hypertension, ECG abnormalities, dyslipidemia, diabetes,

_8]_
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Fig. 2. Multivariate-adjusted mean values of heart rate—cor-
rected QT interval duration according 1o quartiles of bra-
chial-ankle pulse wave velocity levels. The centers of the
boxes are placed at the estimates of mean values. Other con-
ventions are the same as in Fig. 1. Mean values and p values
are adjusted for age, sex, hypertension, ECG abnormalities,
dyslipidemia, diabetes mellitus, obesity, serum calcium and
potassium, alcohol intake, and smoking habits. *p<0.01 vs,
the lowest quartile group. p <0.0001 for trend.

obesity, serum calcium, serum potassium, alcohol intake, and
smoking habits (p<0.0001 for trend).

Discussion

To our knowledge, this is the first study to address the associ-
ations between baPWV and QTc in a general population with-
out preexisting cardiovascular disease. In the present
analysis, the mean values of QTc increased with rising
baPWYV levels for both men and women. These associations
remained strong and continuous, even after controlling for
traditional cardiovascular risk factors, suggesting an inde-
pendent relationship between subclinical arterial disease (ath-
erosclerosis) and QT interval prolongation.

In the present study, there were strong and continuous rela-
tionships between QTc and baPWV, which has been shown to
be a functional marker for subclinical atherosclerotic disease
in central and peripheral arteries (/6, 21). Ours is the largest
study to have investigated the association between subclinical
arterial discase and QT interval prolongation, but there have
been a few other cross-sectional studies addressing this ques-
tion using other structural markers of subclinical arterial dis-
case (/0-12). The Insulin Resistance Atherosclerosis Study
(IRAS) investigated the association between carotid intima
media thickness and QTc in 912 nondiabetic subjects without
coronary artery disease and found a close association between
carotid atherosclerosis and QT interval prolongation (/0).
The Salzburg Atherosclerosis Prevention Program in Subjects
at High Individual Risk also showed a positive correlation

between carotid intima media thickness and QT interval dura-
tion in 1,199 clinically healthy subjects (/7). These observa-
tional data support our hypothesis that subclinical arterial
disease is associated with QT interval prolongation.

It is well known that the QT interval is affected by heart
rate (18, 22). In order to control for the confounding effects of
heart rate, we used QTc, which was estimated by Bazett's for-
mula, and found significant associations between baPWV and
QTc. When the Friedrich formula was used for estimation of
QTec instead of Bazett's formula, similar associations were
observed. We also investigated the association between
baPWV and crude QT interval duration and found signifi-
cantly positive relationships even after adjustment for heart
rate, ECG abnormalities, and other cardiovascular risk factors
(data not shown). These results suggest that baPWV is signif-
icantly associated with QT interval duration and this associa-
tion is independent of the effects of heart rate.

The mechanism underlying the association between sub-
clinical arterial disease and the acquired form of QT interval
prolongation has not been clearly defined. Subclinical arterial
disease and subsequent arterial stiffness may increase ventri-
cular load and, as a consequence, may promote myocardial
and electrophysiological remodeling, resulting in QT interval
prolongation (23, 24). Another possible mechanism is that
microvascular atherosclerosis in the coronary artery, which is
strongly related to systemic arterial disease, may lead to sub-
endocardial ischemia and thus extend QT interval duration
(25).

One limitation of our study is that we have no information
on subjects with congenital long QT syndrome. However, the
prevalence of the congenital long QT syndrome has been
reported to be less than 0.1% (26). Furthermore, in our sub-
jects the relationship between baPWV and QTc was strong
and continuous, even after excluding participants with QT
intervals of 440 ms or more (p<0.0001 for trend). Thus, the
influence of congenital long QT syndrome would seem to
have been negligible. Another limitation is that information
on repeated measurements of baPWV and QTec is limited.
This fact made it difficult for us to conduct longitudinal anal-
ysis.

In conclusion, we found close associations between
baPWV and QTc for men and women without histories of
cardiovascular disease. These associations were independent
of hypertension, ECG abnormalities, dyslipidemia, diabetes,
obesity, alcohol intake, and smoking habits. Thus, subclinical
arterial disease appears lo contribute to the pathogenesis of
QT interval prolongation. Future longitudinal studies are nec-
essary to clarify the causal relationship between subclinical
arterial disease and QT interval prolongation.
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Objective: We examined the relationship between fasting plasma glucose (FPG) and 2-h post-load
glucose (PG) levels, and the optimal FPG cutoff level to correspond to a 2-h PG of 11.1 mmolfliter,
the gold standard diagnostic criterion, in a general Japanese population.

Design: Cross-sectional study populations of 2421 subjects in 1988 and 2698 subjects in 2002, aged
40-79yr and without antidiabetic medication, were tested with an oral glucose tolerance test. The
relationship between FPG and 2-h PG was investigated by various regression models and a receiver
operating characteristic curve.

Results: The best-fit model for the relationship between FPG and 2-h PG was a quadratic regression
model. The FPG cutoff levels corresponding to the 2-h PG of 11.1 mmol/liter by this model were 6.2
mmol/liter in 1988 and 6.3 mmol/liter in 2002, In the combined populations, the FPG cutoff point
was 6.3 mmol/liter; the sensitivity and specificity of this cutoff point for detecting a 2-h PG of 11.1
mmol/liter were 75.2 and 88.6%, respectively. The receiver operating characteristic curve analysis
confirmed that the corresponding FPG point was 6.2 mmol/liter in both the 1988 and 2002 pop-
ulations. In a stratified analysis, the FPG cutoff level increased with increasing body mass index
levels; however, even in subjects with body mass index more than or equal to 30 kg/m?, the FPG
cutoff level was lower than 7.0 mmol/liter,

Conclusions: Our findings suggest that the FPG cutoff level corresponding to the 2-h PG of 11.1
mmol/liter in the general Japanese population is lower than the current diagnostic criterion. (J Clin
Endocrinol Metab 93: 3425-3429, 2008)

2-h post-load glucose (PG) cutoff level of 11.1 mmol/liter

is considered to be the gold standard diagnostic criterion

for diabetes mellitus. This cutoff point was originally adopted for
several reasons (1). First, 11.1 mmol/iter has been found ro ap-
proximate the cutoff point separating the two components of the
bimodal distribution of 2-h PG levels. Second, according to sev-
eral epidemiological studies, including our own, the prevalence
of microvascular disease sharply increases in patients having a
2-h PG above 11.1 mmol/iter (1-4). Third, a great number of
clinical and epidemiological studies have used this criterion. By
contrast, fasting plasma glucose (FPG) has not been adequately
justified as a diagnostic criterion. The FPG cutoff point for di-
agnosing diabetes was revised by the Expert Committee of the
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American Diabetes Association (ADA) (1) in 1997; namely, the
curoff poinr defining diabetes was reduced from more than or
equal to 7.8 mmol/liter to more than or equal to 7.0 mmol/liter,
though the ADA itself has recognized that this new cutoff point
is not the best equivalent of the 2-h value of 11.1 mmol/liter
(1, 5). The World Health Organization adopted an FPG of 7.0
mmol/liter as a diagnostic criterion of diabetes in 1998 (6). This
lowering was based on the following findings from several stud-
ies, primarily with cohorts of high body mass index (BMI) sub-
jects: 1) the prevalence and incidence of diabertic retinopathy
increased at an FPG of approximately 7.0 mmol/fliter (1, 3,4); 2)
the discrepancy in the detection rate of diabetes between FPG and
2-h PG values was reduced when an FPG of 7.0 mmol/liter was

Abbreviations: ADA, American Diabetes Association; BMI, body mass index; FPG, fasting
plasma glucose; OGTT, oral glucose tolerance test; PG, post-load glucose; ROC, recever
operating characteristic

jcem.endojournals.org 3425
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used; and 3) the prevalence of diabetes by a 2-h PG cutoff point
of 11.1 mmol/liter was identical to that of an FPG of approxi-
mately 7.0 mmol/liter in several populations. However, the Di-
abetes Prevention Program Research Group has recently shown
that the retinopathy characteristic of diabetes was present in
persons whose FPG was below the diabetic range and who had
no known history of diabetes (7). Furthermore, an integrated
study of three general populations suggested thar although the
prevalence of retinopathy increased with FPG concentration,
there was no clear diagnostic cutoff (8). These findings imply that
dara of diabetic retinopathy alone are not adequate to determine
an FPG cutoff point. Thus, another approach, such as a regres-
sion analysis, is nceded to validate the FPG cutoff point.

On the other hand, it remains controversial whether the FPG
of 7.0 mmol/liter is adequately diagnostic for diabetes in Asian
populations, which tend to be leaner than Western populations.
For instance, FPG cutoff levels corresponding toa 2-h PG of 11.1
mmol/liter were also lower than 7.0 mmol/iter in other Asian
populations (9-11). There have been very few reports on this
issue in the Japanese population, in which the prevalence of di-
abetes has been increasing rapidly in recent years. The purposes
of this study were to determine the FPG cutoff value correspond-
ing to a 2-h PG of 11.1 mmol/liter, and to check whether this
cutoff value varied according to changes in the society over rime
by examining the relationship between FPG and 2-h PG values in
a general Japanese population at two different time points sep-
arated by an interval of 14 yr.

Subjects and Methods

A popul pective study of cardiovascular disease has been
underway since 1961 in the Town of Hisayama, a suburb in the Fukuoka
metropolitan area on Kyushu Island, in Japan. Based on data from the
national census, the age and occupational distributions for Hisayama
have been almost identical to those of Japan as a whole from 1961 to the
present. As a part of the study, two cross-sectional diabetes surveys of
Hisayama residents were conducted in similar fashion in 1988 and 2002,
A derailed description of the surveys has been published previously (12,
13); briefly, of the total of 3227 residents in 1988 aged 40-79 yr in the
rown registry, 2587 (parricipation rare, 80.2%) consented to take part in
a comprehensive assessment, including a 75-g oral glucose tolerance rest
{OGTT) and an interview covering both medical histories (including

based p

1988 2002
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iterns on diabetes, hypertension, and other chronic diseases) and current
medical treatments with insulin and oral hypoglycemic agents. After ex-
cluding participants who had already had breakfast, those who were re-
ceiving insulin therapy for diabetes, and those who refused the OGTT due
to complaints of nausea or general farigue during the ingestion of glucose,
we successfully completed the OGTT on 2480 subjects. An additional 59
subjects were excluded because they were taking oral hypoglycemic agents;
thus, the final 1988 study group comprised 2421 subjects (1045 men and
1376 women) (Fig. 1). In 2002, we established another study population of
2698 (1162 men and 1536 women) using the same methods and criteria.

In borh the 1988 and 2002 surveys, clinical evaluation and laboratory
measurements were performed in a similar manner. The study subjects
underwent the OGTT berween 0800 and 1030 h after an overnight fast
ofatleast 12 h. Blood for the glucose assay was obtained by venipuncture
into rubes containing sodium fluoride at fasting and at 2-h post-load, and
was separated into plasma and blood cells within 20 min. Plasma glucose
levels were determined by the glucose-oxidase method. The between-
assay and within-assay coefficients of variance of glucose measurement
in our laboratory were 0.96 and 0.81% at 5.6 mmolfiter, and 0.81 and
0.56% at 16.7 mmol/liter, respectively. Total cholesterol and triglycer-
ides were determined enzymarically, Blood pressure was obtained three
times using a mercury sphygmomanometer with the subject in a sirting
position; the average values were used in the analyses. Hypertension was
defined as systolic blood pressure more than or equal ro 140 mm Hg
and/or diastolic blood pressure more than or equal to 90 mm Hg and/or
current trearment with antihypertensive agents, The heightand weight of
each subject, wearing light clothes without shoes, were recorded, and the
BMI (kg/m?) was calculated. The interview investigated smoking habits
and alcohol intake. Both were classified as cither currently habitual or
not. Subjects engaging in sports at least three times per week during their
leisure rime were classified into a regular exercise group,

SAS (SAS Institute Inc., Cary, NC) was used to perform all statistical

lyses. Various regression models, including linear, quadraric, logarith-
mic, inverse, power, and exponential models, without covariates were ex-
amined to determine which best fit the relationship between FPGand 2-h PG
levels. Furthermore, an FPG cutoff point corresponding to the 2-h PG of
11.1 mmolliter was calculated from each regression equation. The sensi-
tivity of the FPG cutoff point was defined as its ability to identify correctly
individuals who had a 2-h PG of 11.1 mmoliter or higher, and the speci-
ficity was its ability to identify correctly individuals who did not have a 2+-h
PG of 11.1 mmolliter or higher. To compare the ability of FPG measure-
ments to detect the presence or absence of a 2-h PG of 11.1 mmol/liter or
higher across a range of values, we plotted receiver operating characteristic
(ROC) curves. The diagnostic properties of specific cutoff levels of FPG were
defined by maximizing the sensitivity and specificity to identify a 2-h PG of
11,1 mmolfiter or higher,

This study was conducted with the approval of the Ethics Committee of
the Faculty of Medicine, Kyushu University, and written informed consent
was obtained from the participants.

Results

1,227 residents aged 40-79 in Hisayuma
wccording 10 the town registry

3,896 residents aged 40-79 in Hisayama
according to the town registry

The clinical characteristics of the subjects
in 1988 and 2002 are summarized in Table

2,587 in screening examination
(participation rate $0.2%)

3,000 in screcning cxamination
(participation rate 77.0%)

1. Mean values of age, FPG, 2-h PG, and
BMI were higher in 2002 than 1988, whereas

the frequency of men was not different be-

107 unscreened by OGTT:
%2 after breakfast, 10
taking msulin therapy and
15 due to complaints of

l

173 unscreened by OGTT: .

96 refused OGTT, 45 afier tween the populations.

heoslfhat e 32 iking To elucidate the relationship between FPG
insulin therapy

49 taking onl
hypoglycemic agents

129 taking oral
hypoglycemic agents

and 2-h PG, we analyzed their interrelation-
ships using the various regression models
listed in Table 2. FPG values corresponding to

[ 2:421 (1,045 men and 1,376 women) analyzed |

[ 2698 (1,162 men and 1,536 women) analyzed

a 2-h PG of 11.1 mmolliter and R? values

FIG. 1. Flow diagram of the study.

were calculated for the combined populations
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TABLE 1. Clinical characteristics of subjects: the Hisayama
study in 1988 and 2002

1988 2002
(n = 2421) (n = 2698) P value
Age (yr) 57(10) 59(11) <0.001
Men (%) 432 431 0.94
FPG {mmolliter) 5.7(1.1) 6.0 (1.0) <0.001
2-h PG (mmal/iter) 73(332) 7.71(3.1) <0.001
BMI (kg/m?) 23.0(3.1) 233(3.3) <0.001

Values are means (so).

of 1988 and 2002. The R? value was larger for the quadratic re-
gression model, indicating thatitisa better fit than the other models;
the relevant FPG point in this model was 6.3 mmol/iter.

Figure 2 depicts the relationship between the FPG and 2-h PG in
1988 and 2002 considered separately. The quadratic model analyses
were still the best fit among the various models for both the 1988 and
2002 populations (dara notshown), with R* values of 64,0 in 1988 and
61.3in 2002. The FPG point corresponding toa 2-h PG of 11.1 mmoV/
liter was 6.2 mmolliter in 1988 and 6.3 mmolliter in 2002,

To confirm the cutoff point of FPG corresponding to the 2-h
PG of 11.1 mmol/liter, we plotted ROC curves and calculated the
optimal cutoff points defined as the maximum combination of
sensitivity and specificity, and their area under the ROC curves
(Fig. 3). In the 1988 subjects, the corresponding FPG point was
6.2 mmol/liter. The sensitivity and specificity of this cutoff point
were 81.2 and 88.7%, respectively; and the area under the curve
was 91.0%. In the 2002 subjects, the curoff point was 6.2 mmol/
liter; the sensitivity, specificity, and area under the curve were
77.9, 81.3, and 86.7%, respectively.

Finally, we performed a stratified analysis by sex, age, and
BMI levels in the combined population using both the quadratic
regression model and ROC analysis (Table 3). The FPG level
corresponding to the 2-h PG of 11.1 mmol/liter was slightly
higher in men than women by both the quadratic regression
model and ROC analysis. Higher FPG levels corresponding to a
2-h PG of 11.1 mmol/liter were observed in the younger age
groups in the quadratic regression model analysis. However, in
ROC analysis there was no association between age and FPG
level. The FPG level corresponding to a 2-h PG of 11.1 mmol/liter
increased with increasing BMI levels in both the quadratic re-
gression model and ROC analysis. However, even in subjects
with a BMI more than or equal to 30 kg/m?, the FPG cutoff level
was still lower than the diagnostic criterion of 7.0 mmol/liter.

jcem endojournals.org 3427

We examined the association between FPG and 2-h PG levelsin a
general Japanese population at two time points separated by a 14-yr
interval, and using the quadratic model, which proved to be the best
fit for the data, demonstrated that the FPG level corresponding to
a 2-h PG of 11.1 mmolliter, the gold standard for diagnosis of
diabetes, was 6.2 mmol/liter for the 1988 data and 6.3 mmolliter
for the 2002 data. The FPG points derived from the ROC analyses
corroborated these findings. It has been reported thar the corre-
sponding FPG cutoff level by the quadratic model was 5.7 mmol/
liter in Chinese (9) and 6.3 mmolfiter in Taiwanese (10). Together
with the findings of these other studies, our results suggest that, in
relatively lean Asian populations, including the Japanese, the FPG
cutoff level is clearly lower than the FPG value of 7.0 mmoV/liter,
which is currently used in various diagnostic criteria for dia-
betes (1, 6), and that this situation did not change over the course
of 14 yr in the Japanese population.

Although a method using FPG values corresponding to the gold
standard of 2-h PG levels for diagnosis of diabetes has not yet been
established, regression analysis appears to be a useful method for
detecting the FPG cutoff value. Two previous epidemiological stud-
ies determined FPG cutoff points by analyzing the relationship be-
tween FPG and 2-h PG using linear or exponential models (14, 15).
However, in our study the quadratic model showed the highest
positive correlation between FPG and 2-h PG, and, thus, was the
best-fitted model. This is consistent with the findings of studies in
Taiwanese (9) and Chinese (10) populations.

The ADA recommends the use of the FPG instead of 2-h PG
for diagnosing diabetes because it is difficult to perform an
OGTT in routine clinical practice (1). Thus, it is very important
to determine the appropriate FPG cutoff value for the diagnosis
of diabetes in different populations. The FPG of 7.0 mmol/liter
for diagnosing diabetes is based on several population studies
examining the relationship berween the glycemic threshold and
diaberic retinopathy (1, 3, 4); however, optimal cutoff levels of
plasma glucose for defining diabetes depend on ethnicity. In a
Pima Indian study, the ROC curve analysis in a diabetic reti-
nopathy study identified the optimal FPG cutoff level as 6.8
mmol/iter (3). The National Health and Nutrition Examination
Survey 111 study of the U.S. population also reported that the
prevalence of retinopathy increased dramatically at FPG levels of
6.7 mmol/liter (1), These findings were apparently confirmed by
asimilar study in Egypt (4), in which the optimal FPG cutoff level

TABLE 2. Relationship between FPG (Y) and 2-h PG (X) in various regression models for the combined population of 1988 and 2002

FPG corresponding to 2-h PG of
Model Equation 11.1 mmol/liter (mmol/liter) R? (%)

Quadratic Y = 0.0149%* - 0.102X + 5.621 6.3 62.3
Linear Y = 0.243X + 4,024 6.7 51.8
Exponential Y = 2.7180 0320+ 1.510) 6.5 48.6
Power Y =3.512)%2% b.5 36.6
Logarithmic Y = 1.831 logX + 2.277 6.7 356

Log(Y) = 0.255 logX + 1.256 6.5 366

Log(Y) = 0.243 (logX)’ - 0.748 logX + 2.260 6.5 50.2
Inverse ¥ = 7.265 — 9.416/% 6.4 201
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higher 2-h PG concentrations (19, 20).
Thus, impairment of acute insulin response
may lead toa wide gap berween FPGand 2-h
PG,; in other words, much lower FPG cutoff
levels correspond to the 2-h PG diagnostic
standard level. These findings might explain
why the FPG cutoff level for the diagnosis of
diabetes is lower in Asian populations, in-
cluding ours, even in those with high BML

In the present study, the R? value in the
quadratic model and the sensitivity, speci-
ficity, and area under the curve in the ROC
analysis were all lower in 2002 than 1988.

3428 Doietal.  Cutoff Point of FPG
1988 2002
n.:[ 13
£ 118 278
E y=0.015x%-0.099%+5 492 y-0.015%7-0,121x+5.827
= 1232 n=2421 22 0=2,69%
g Rify=64.0 Ri(y)=61.3
=
i
&
8
&
0 . d i i
] 56 111 167 12 2784 33 1] 56 1.1 167 122 278 1A

2-hour postload glucose (mmol/l)

FIG. 2. The relationship between FPG and 2-h PG by a 75-g OGTT in Hisayama residents aged 40-79 yr in
1988 (left pane) and 2002 (right paned). Solid fine represents the regression line by the quadratic

regression model.

for detecting diabetic retinopathy was 6.9-7.2 mmol/liter. How-
ever, these three populations have higher BMI levels compared
with Asian populations. We previously reported that although the
glycemic threshold of 2-h PG for retinopathy in Japanese was 11.1
mmol/liter, that of FPG was only 6.4 mmol/liter (2). Other Asian
population studies have reported optimal FPG cutoff levels for ret-
inopathy ranging between 5.6 and 6.0 mmol/liter (16, 17). These
findings suggest that FPG cutoff levels are lower in Asian popula-
tions than in other populations.

In our subjects the FPG cutoff levels corresponding to a 2-h
PG of 11.1 mmol/liter increased with increasing BMI levels,
However, even in subjects with a BMI more than or equal to 30
kg/m?, the FPG cutoff level using the quadratic model was 6.4
mmol/liter, much lower than the diagnostic criterion of 7.0
mmol/liter. It is not clearly understood why FPG cutoff levels
differ among ethnic groups. One possible explanation is that
the capacity for acute insulin response to glucose load may in-
fluence the FPG cutoff level. The acute insulin response is known
to be lower in Asian populations than other populations (18). In
some clinical studies, the loss of acute insulin response by so-
matostatin was associated with a marked impairment in the ini-
tial suppression of hepatic glucose production, which led to

2-hour postload glucose (mmol/T)

Although this phenomenon was not clearly
understood, one possible reason may be that
individuals in 2002 had more diverse life-
styles compared with those in 1988. Never-
theless, it is noteworthy that the FPG curoff
value corresponding to a 2-h PG of 11.1
mmol/liter was similar in the two populartions.

Two limitations of our study should be discussed. First, in our
study we determined the FPG cutoff level that corresponded ro
a 2-h PG of 11.1 mmol/liter, the gold standard for the diagnosis
of diabetes, rather than that corresponding directly to diabetic
complications. However, our previous study showed that the
glycemic threshold of FPG for retinopathy is 6.4 mmol/liter (2),
a result very similar to that of the present study. These findings
suggest thar the quadratic model precisely predicts the relation-
ship between FPG and 2-h PG levels, making the FPG curoff level
nearly as accurate as the 2-h PG level, as well as more useful in
clinical settings, Second, it is known that 2-h PG valuesina 75-g
OGTT have lower reproducibility than FPG (21, 22). It might be
reasonable to propose FPG as the “gold standard.” However, in
the National Health and Nutrition Examination Survey I, 2-h
PG was more specific for diabetic retinopathy than FPG (1). In
several epidemiological studies, 2-h PG was also a stronger pre-
dictor of cardiovascular disease and total death compared with
FPG (23-27). In addition, a 2-h PG of 11.1 mmol/liter was es-
tablished in some revised processes for the diagnosis of diabetes.
Based on these studies, then, a 2-h PG of 11.1 mmol/liter re-
mains the “gold standard.” Nevertheless, the
present study found that two cross-sectional

o 2002 populations in 1988 and 2002 had nearly
3 the same cutoff FPG values. This suggests
- that the high variability in 2-h PG values did

not invalidate the present findings.
B ag ;:"ﬁfvfm SOOI ik ;:::::{';:‘_;;M“M Al In conclusion, we have shown that the qua-
2 Specificity=0.59 Specificity=0.81 dratic regression model is best fitted for the
E 04 e saer e conl 1 04 Area s e 0.7 relationship between FPG and 2-h PG ina gen-
eral Japanese population. The FPG cutoff
02 02 level corresponding toa 2-h PG of 11.1 mmol/
liter was 6.3 mmol/liter, and this result did not
o a0 change over the course of 14 yr. Furthermore,
0 02 04 ) o.'n 0.8 Lo o 02 04 ) o:n 08 1.0 the FPG cutoff levels were higher in subjects

1-specificity 1-specificity

FIG. 3. ROC curves for FPG for precicting the 2-h PG of 11,1 mmobiter using 1988 (leff) and 2002 (nght) data sets.
The amow shows the optimal cutoff pont for detecting the 2-h PG of 11,1 mmolfiter defined as the maximum

combination of sensithty and specificity

with higher BMI levels. The findings of the
present study rogether with those of previous
studies examining diabetic retinopathy sug-
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TABLE 3. FPG cutoff points corresponding to the 2-h PG of 11.1
mmol/iter by quadratic regression model and receiver operating
curve analysis in the combined population of 1988 and 2002

Cutoff point defined  Cutoff point

by quadratic defined by
analysis ROC analysis
Factors No. (mmol/liter) (mmal/liter)
Sex
Men 2207 6.4 63
Women 2912 63 6.1
Age (yr)
40-49 1341 6.4 6.0
50-59 1569 6.4 6.2
60-69 1363 6.3 6.2
70-79 846 6.2 6.1
BMI (kg/m?)
<20 818 6.1 59
20249 2978 6.3 6.1
25-299 1192 6.3 6.2
=30 3 64 6.7

gest that in Asian populations, the FPG cutoff level corresponding
to a 2-h PG of 11.1 mmolfiter is lower than 7.0 mmol/liter, the
current diagnostic criterion for diabetes. Considering the growing

importance of the FPG test in screening for diabetes, further inves-
tigations are required to clarify the optimal FPG cutoff level in Asian

and other ethnic populations.
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Heart Disease in Asia

Secular Trends in the Incidence of and Risk Factors for
Ischemic Stroke and Its Subtypes in Japanese Population

Michiaki Kubo, MD, PhD*; Jun Hata, MD, PhD*; Yasufumi Doi, MD, PhD;
Yumihiro Tanizaki, MD, PhD; Mitsuo lida, MD, PhD; Yutaka Kiyohara, MD, PhD

Background—The study of long-term trends in the incidence of and risk factors for ischemic stroke subtypes could offer

insights into primary and secondary prevention.

Methods and Results—We established 3 cohorts of residents =40 years of age in 1961, 1974, and 1988 in the Japanese
community of Hisayama. Morphological examinations by autopsy or brain imaging were performed on most of the
ischemic stroke cases developed in these cohorts. When |3-year follow-up data were compared, the age-adjusted
incidence of ischemic stroke and lacunar infarction declined significantly from the first to the third cohort for both sexes,
whereas the incidences of atherothrombotic and cardioembolic infarction did not change during this period.
Hypertension was a powerful risk factor for the development of ischemic stroke, and improvement of hypertension
control would have largely influenced this declining trend: The age- and sex-adjusted hazard ratio of hypertension
decreased from 3.25 (95% CI 2.17 to 4.86) in the first cohort to 1.83 (1.29 to 2.58) in the third cohort. A rapid increase
in the prevalence of metabolic disorders may have offset the impact of improvements in hypertension control and
resulted in a slowdown of the decline in the incidence of ischemic stroke in the cohorts in the present study: however,
hypertension still makes a large contribution to the development of ischemic stroke.

Conclusions—These findings suggest that in the Japanese population, the incidence of ischemic stroke has declined significantly
over the past 40 years, probably owing to better management of hypertension. There is a need for greater primary prevention
efforts in the reatment of hypertension and metabolic disorders. (Circulation. 2008;118:2672-2678.)

Key Words: cerebral infarction m morbidity m risk factors m hypertension m trend

S:rukc continues o be a major public health concern
worldwide. In Japan, it is the third leading cause of death
and a major neurological cause of long-term disability.! The
increase in the elderly population that accompanies the
improvement in life expectancy is expected to further in-
crease stroke prevalence. On the other hand, there have been
major advances in the identification and management of
stroke risk factors and the treatment of acute stroke. The
study of temporal trends in stroke incidence provides insights
into the effect of these factors. Several epidemiological
studies have reponted that the declining or stable incidence of
stroke is likely attributable to better treatment of risk factors
over time.?# On the basis of their 50 years of follow-up data,
the authors of the Framingham Study recently showed that
the age-adjusted incidence of stroke decreased significantly
in men and women owing to the improved control of
hypertension and smoking.® In Japan, the incidence of stroke
declined by 60% from 1964 to 1983 in a rural population.”
We also found in a Japanese urban area that the incidence of
ischemic stroke declined markedly between the 1960s and

1970s as a result of hyperension control, but this declining
trend was slowed in the late 1980s and 1990s, probably
because of an increase in metabolic disorders.*
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Because the pathogenesis, prognosis, and treatment differ
among ischemic stroke subtypes,®!'? the evaluation of tempo-
ral trends in the incidence of and risk factors for ischemic
stroke subtypes may contribute to more effective primary and
secondary prevention of ischemic stroke. However, morpho-
logical features of the brain were not readily available before
the widespread use of computed tomography and magnetic
resonance imaging. and the definition of ischemic stroke
subtypes was not determined until the early 1990s,'-13
Therefore. there is little information on the effect of the
changes in cardiovascular risk factors on secular trends in the
incidence of ischemic stroke and its subtypes.

The Hisayama Study is a population-based study that has
established several cohorts at times that correspond to periods
of remarkable lifestyle changes in Japan.®'+-1¢ One of the
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characteristics of this study is that most of the deceased study
subjects underwent autopsy examination from the beginning
of the swdy, and thus, the morphological features of the
brains examined by autopsy or brain imaging are available for
most of the stroke cases in each cohort.*'* Furthermore,
study-team physicians performed physical and neurological
examinations on the subjects who developed stroke and
collected detailed clinical information throughout the study
period. These characteristics of the study design enabled us 1o
examine secular trends in the incidence of and risk factors for
ischemic stroke subtypes. We previously reported the steadily
declining incidence of lacunar infarction (LAT) using 12-year
follow-up data of the first 3 cohorts.'? In this anicle, we
extend the follow-up period of these cohorts to 13 years and
compare the impact of cardiovascular risk factors on the
incidence of ischemic stroke subtypes.

Methods

Study Population

The Hisayama Study. an epidemiological study of cerebrovascular-
cardiovascular diseases, was established in 1961 in Hisayama Town,
a suburban community adjacent to Fukuoka City, a metropolitan area
on Kyushu Island in southern Jupan. The population of the town was
~8000 in 2007, and full community surveys of the residents have
been repeaied since 1961. The study design and characteristics of the
subject population have been described in detail elsewhere.t4-18
Briefly, we established 4 study cohorts from Hisayama residents
=40 years of age in 1961, 1974, 1988, and 2002 after screening
examinations. In 1961. a total of 1658 subjects in that age group
consented to participate in the screening examination (participation
rate 90.1%). After the exclusion of subjects with a history of stroke
or myocardial infarction and subjects who died or moved out of town
during the examination, 1618 subjects were enrolled as the first
cohort. Similarly, after excluding subjects with a history of stroke or
myocardial infarction, we established a second cohort consisting of
2038 subjects from 2135 panticipants (participation rate 81.2%) in
1974, a third cohort of 2637 subjects from 2742 participants
{participation rate B0.9%) in 1988, and a fourth cohort of 3123
subjects from 3328 participants (panticipation rate 77.6%) in 2002.
‘The health status of these cohort populations was followed up every
year by repeated health ions or by mail or telephone for any
subjects who did not undergo a regular examination or who moved
out of town, Only 2 subjects in the first cohort, 2 in the second
cohort, and | in the third cohon were lost to follow-up. The
development of cardiovascular diseases in the study populations was
also checked by a daily monitoring system organized by the study
team, local physicians, and members of the local health and welfare
office. When the subjects died. autopsy examinations were per-
formed ar the Department of Pathology. Kyushu University.

Measurement of Cardiovascular Risk Factors

Details of the measurement of cardiovascular risk Factors in each
cohort were published previously®H-1¢ In brief, blood pressures
were measured 3 times with subjects in a recumbent position in 1961
and in a sitting position in 1974, 1988, and 2002, and hypertension
was defined as a mean sysiolic blood pressure =140 mm Hg. a mean
diastolic blood pressure =90 mm Hg. or current use of antihyper-
lensive agents. Glucose intolerance was defined by an oral glucose
lolerance test in subjects with glycosuria in 1961, by fasting and
postprandial glucose concentrations in 1974, and by a 75-g oml
glucose tolerance test in 1988 and 2002, in addition to medical
history of diabetes. Serum cholesterol levels were measured by the
Zak-Henly method with the modification by Yoshikawa in 1961, by
the Zurkowski method in 1974, and by the enzymatic method in
1988 and 2002. Hypercholesterolemia was defined as total choles-
terol =5.7 mmol/L (220 mg/dL). Body height and weight were
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measured with subjects in light clothing without shoes, and obesity
was defined as body mass index =25.0 kg/m®. Information on
antihypertensive treatment, alcohol intake, and smoking habits was
obtained with the use of a standardized questionnaire and was
categorized as current habitual use or not. Current drinking was also
categorized as light (I to 33 g/d) or heavy (=34 g/d) drinking
according to daily ethanol intake.

Definition of Ischemic Stroke Subtypes

Stroke was defined as a sudden onset of nonconvulsive and focal
neurological deficit that persisted for >24 hours and was classified
as ischemic stroke, cerebral hemorrhage, subarachnoid hemorrhage,
or undetermined type.* The diagnoses of ischemic stroke subtypes
were made on the basis of the Classification of Cerebrovascular
Disease Il proposed by the National Institute of Neurological
Disorders and Stroke.'' as well as on the basis of the diagnostic
criteria of the Trial of Org 10172 in Acute Stroke Treatment
(TOAST) study'* and Cerebral Embolism Task Force.'* We classi-
fied ischemic stroke subtypes into 4 categories: LAl atheroth
botic infarction (AT1), cardioembolic infarction (CEl). and undeter-
mined subtype. Details of the diagnostic criteria of ischemic stroke
subtypes have been published previously,'® Briefly, LAl was diag-
nosed as the presence of a relevanl brain stem or subcortical
hemispheric lesion with a diameter of <1.5 cm demonstrated on
brain imaging or autopsy and no evidence of cerebral corical or
cerebellar impairment, ATl was diagnosed when the subject had
significant stenosis (>50%) or octlusion of a major cerebral artery
with infarct size =1.5 ¢cm on brain imaging or autopsy. The diagnosis
of CEl was made on the basis of primary and secondary clinical
features suggestive of CEl as reported by the Cerebral Embolism
Task Force." The category of undetermined stroke included all
ischemic stroke cases for which the subtype could not be determined
because of insufficient clinical or morphological information. We
considered morphological findings significant and used clinical
features as reference information,

During the 13-year follow-up period, first-ever ischemic stroke
developed in 134 subjects (83 cases of LAL 28 of ATI, 17 of CEl,
and 6 of undetermined subtype) in the first cohort. in 142 subjects in
the second cohornt (76 cases of LAI, 29 of ATI, 34 of CEI and 3 of
undetermined subtype). and in 154 subjects in the third cohort (74
cases of LAI 42 of ATI, 38 ofCEI and 0 of undetermined subtype),
Among these, morphologi jons by psy or brain
imaging were performed on 9(] 3% (autopsy rate 90.3%) in the first
cohort, 97.2% (autopsy rate 87.5%) in the second cohori, and
100.0% (autopsy rate 72.4%) in the third cohom.

Statistical Analysis

The prevalences of possible risk factors were adjusted for age by the
direct method and were examined for trends across cohorts by the
Cochran-Mantel-Haenszel x test with 10-year age groupings. Age-
adjusted mean values of risk factors were calculated by the covari-
ance method, and their trends were tested by the linear regression
model. The incidences of first-ever ischemic stroke and its subtypes
were calculated by the p year method with adj for age
by the direct method, The world standard population was used as a
standard population. The age-adjusted incidences among the first 3
cohorts were compared with the use of the Cox proportional hazards
model. Age and sex-adjusted hazard ratios (HRs) and 95% Cls of
cardiovascular risk factors for the development of ischemic stroke
and its subtypes were estimated by the Cox proponional hazards
maodel in each cohon, and the population attributable risk fraction of
each risk factor was calculated.

Ethical Considerations
The study protocol was approved by the Human Ethics Review
Committee of the Grudunte School of Medical Sciences. Kyushu
University,

The authors had full access 1o the data and take full responsibility
for its integrity. All authors have read and agree to the manuscript as
written,
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Table 1. Trends in Age-Adjusted Prevalence of Cardiovascular Risk Factors Among 4 Examinations of the Hisayama Study by Sex
Men

1961 1974 1988 2002 Pfor 1961 1974 1988 2002 P for
Variables (n=705) (n=855) (n=1110) (n=1315) Trend (n=913) (n=1183) (n=1527) (n=1808) Trend
Age. y 5511 5611 57+12 B0+12 <0001  57+12  58+12  59=12  62=13  <0.001
Hypertension, % 384 431 441 42.0 025 359 401 351 N3 <0.001
Antihypertensive agents, % 20 8.4 13.2 18.2 <0.001 21 74 134 166 <0.001
Systolic BP, mm Hg* 162=18 15718 15118 148=18 <0001 163z18 161 =19 154=19 14919 <0.001
Diastolic BP, mm Hg" =1 20=1 g7=n B3=1n 0.om 88=1n =N 83=1n 8611 <0.001
Glucose intolerance, % 1.6 141 39.3 54.5 <0,001 48 79 300 355 <0.001
Obesity, % 7.0 1186 241 29.3 =0.001 129 215 238 240 <0.001
Body mass index, kg/m* 21.3+28 21.7+x28B 228+28 235+28 <0001 21.7=34 22533 229=33 229:34 <000
Hyperchoiesterolemia, % 28 122 26.9 258 <0.001 66 199 418 418 <0.001
Total cholesterol, mmolL 39=09 47209 51=08 51208 <0001 4210 50+10 5510 5410 <0001
Afrial fibrillation, % 07 16 1.6 11 084 05 04 09 06 0.55
Current smoking, % 75.0 733 50.4 46.9 <0.001 16.6 102 89 8.5 <0.001
Current drinking, % 69.6 63.8 61.5 ni 0.043 83 57 95 291 <0.001
Light drinking, % 434 KIR:] 295 T 82 55 8.0 271
Heavy drinking, % 26.3 319 320 34.0 01 02 15 20

BP indicates biood pressure. Hypertension was defined as systolic BP =140 mm Hg or diastolic BP =90 mm Hg or current use of antihyperensive agents.

Hypercholesterolemia was defined as total cholesterol level =5.7 mmol/L (220 mg/dL). Obesity was defined as body mass index =25.0 kg/m*. Curment drinking was

divided into light (1 to 33 g) and heavy (=34 g) drinking according fo daily ethanol intake,
*Mean systolic and diastolic BPs among hypertensive subjects in each examination,

Results

Trends in Cardiovascular Risk Factors

We compared the age-adjusted prevalence of cardiovascular
risk factors at baseline examination among the 4 cohorts by
sex (Table 1). During the 40-year period from 1961 to 2002,
the populations grew 5 years older in both sexes. The
age-adjusted prevalence of hypertension was stable at ~30%
in men (P for trend=0.25) and decreased significantly in
women (P for trend <0.001), whereas the proportion of
individuals using antihypenensive agents increased consis-
tently with time in both men and women. As a result,
age-adjusted mean blood pressures among hyperensive men
and women decreased significantly throughout the study
period. In contrast, the age-adjusted prevalence of glucose
intolerance and obesity increased greatly over the study
period for both sexes. More than half of men and one third of
women had glucose intolerance in 2002. The age-adjusted
prevalence of hypercholesterolemia increased 10-fold in men
and 6-fold in women from 1961 to 1988 but was unchanged
in 2002. The age-adjusted prevalence of current smoking for
men was 4-fold higher than that for women in 1961, and it
decreased significantly with time for both sexes. The preva-
lence of current drinking increased significantly for both
sexes in 2002,

Trends in Incidence of Ischemic Stroke Subtypes

We then compared the age-adjusted incidence of ischemic
stroke using the results of a |3-year follow-up in the first 3
cohorts ( 1st, 2nd. and 3rd cohort). The age-adjusted incidence
of ischemic stroke declined significantly for both sexes
throughout the cohorts: It significantly declined by 56% for
men and by 40% for women from the first to the third cohort

(P for trend <0.001 for either sex; Table 2). In regard to
ischemic stroke subtypes, the age-adjusted incidence of LAI
for men declined significantly by 54% from the first to the
second cohort, and it continued to decline by 39% (rom the
second to the third cohort (P for trend <0.001). The age-
adjusted incidence of LAI for women also declined by 25%
from the first to the second cohon, and it continued to decline
by 17% from the second to the third cohort (P for
trend=0.003). The age-adjusted incidence of ATI and CEI
did not change significantly among the cohorts for either sex.

Trends in Proportion of Ischemic Stroke Subtype
The proportions of ischemic stroke subtypes among the cohons
are shown by sex in the Figure. For men, the proporion of
subjects with LAl decreased steadily from the first to the third
cohon, whereas the proportions with ATl and CEI increased.
For women, the proportion of the subjects with CEl increased
slightly from the first to the third cohort, but the proportions
of those with the other subtypes were constant among the
cohorts.

Trends in the Effect of Cardiovascular Risk
Factors on Ischemic Stroke

Because both cardiovascular risk factors and the incidence of
ischemic stroke changed dramatically, we compared the
impact of cardiovascular risk factors on the development of
ischemic stroke among the first 3 cohorts (Table 3). In the
first cohor, hypertension was a powerful risk factor for
ischemic stroke (age- and sex-adjusted HR 3.25, 95% C12.17
10 4.86) and largely contributed to its occurrence (population
attributable risk fraction 51%). The impact of hyperension
gradually declined during the study period; however, hyper-
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Table 2. Age-Adjusted Incidence Rate (per 1000 Person-Years) of Ischemic Stroke and Its Subtypes Among 3 Cohorts of the

Hisayama Study by Sex, With a 13-Year Follow-Up in Each Cohort

Men Women
1st Cohort 2nd Cohort 3rd Cohort F for 15t Cohort 2nd Cohort 3rd Cohort P for
(7456 PY) (9655 PY) (12333 PY) Trend (10 294 PY) (13762 PY) {17 953 PY) Trend
Ischemic stroke
No. of events 72 70 84
Incidence rate 873 544 3.85 <0.001 428 3.08 257 <0.001
LA
No. of events 48 34 30 35 42 44
Incidence rate 5.68 258 1.58 <0.001 241 1.8 1.50 0.003
ATI
No. of events 14 4 22 14 15 20
Incidence rate 1.88 1.03 1.23 027 0.96 0.61 0.54 0.084
Cel
No. of events 9 21 18 13 20
Incidence rate 1.08 1.74 1.03 043 0.58 0.58 053 0.86
Undetermined subtype
No. of events 1 1 5 2
Incidence rate 0.09 0.09 0.00 0.20 033 0.08 0.00 0.004

PY indicates person-yaars.

tension was still a significant risk factor and made the largest
contribution to the development of ischemic stroke even in
the third cohon (HR 1.83, 95% CI 1.29 to 2,58, population
attributable risk fraction 30%). Glucose intolerance was also
a significant risk factor for ischemic stroke in the first cohon.
The effect of glucose intolerance on the occurrence of
ischemic siroke was reduced and was not significant in the
second cohort, but it appeared to be a significant risk factor in
the third cohort. The population attributable risk fraction for
glucose intolerance decreased from 13% in the first cohont to
4% in the second cohort and then increased to 13% in the
third cohort. Obesity appeared to be a significant risk factor
for ischemic stroke in every cohor, and its population
atributable risk fraction was increased gradually from 6% in
the first cohont to 9% in the third cohon. Hypercholesterol-

Men

emia, smoking habits, and alcohol intake were not significant
risk factors for ischemic stroke in any of the cohorts. In the
multivariate analysis that included all risk factors, hyperten-
sion was a significant risk factor for ischemic stroke. and its
HR decreased from 2.92 (95% CI 1.93 to 4.41) in the first
cohont to 1,71 (95% CI 1.20 to 2.45) in the third cohort.
Glucose intolerance was an independent risk factor for ischemic
stroke in the first cohort (HR 1,91, 95% C1 1.23 to 2.95) but was
not significant in the third cohon (HR 1.28, 95% C1 0.93 10
1.78). Obesity was not a significant risk factor in any of the
cohonts after adjustment for other nisk factors. We tried to
investigate the effect of cardiovascular nsk factors on ischemic
stroke subtypes, but we could not find reliable evidence of an
effect of these risk factors on the development of each subtype,
probably because of the small number of events.

L Ly
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Figure. Proportion of ischemic stroke sub-
types among the 3 cohorts of the
Hisayama Study by sex.
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Table 3. Age- and Sex-Adjusted HRs of Cardiovascular Risk Factors for Ischemic Stroke Among 3 Cohorts of the Hisayama Study

15t Cohort 2nd Cohort 3rd Cohert
HR (5% CN P PAF HR (85% C) P PAF HA (85% C1) P PAF

Hypertension 325(217-486) <0001 051  309(2.05-465) <0001 053  183(1.29-258) <0001 0.30
Glucose infolerance 245 (1.60-374) <0001 013  138(0.87-2.17) 0.17 004  1.41(1.02-1949  0.036 0.13
Obesity 1.83(1.12-3.00) 0017 006  163(1.04-257) 003 007 154(1.07-221)  0.021 0.09
Hypercholesterolemia 107 (0.50-2.29) 087 000 142(085-212) 0085 007 096(068-135 08  -0.02
Current smokar 1.27 (0.85-1.90) 024 0.10 (.83 (0.55-1.24) 0.36 -0.08 1.33(0.89-1.98) 0.16 0.07
Current drinker 0.99 (0.65-1.51) 084 001 145(096-219) 0081 012  1.00(072-164 070 0.02

PAF indicates the poputation attributable risk fraction.

Discussion

By comparing the incidence of ischemic stroke subtypes
among 3 cohons established at different times in a Japanese
community, we demonstrated that the incidence of LAl
declined significantly from the first to the third cohon for
both sexes, whereas the incidence of ATI and CEI remained
stable. During the study period, blood pressure levels among
hypentensive subjects decreased significantly with time as a
result of the popularization of antihypertensive medication.
The prevalence of smoking habits declined steadily for both
sexes. Contrary to these declining trends, the prevalence of
metabolic disorders, namely, obesity, glucose intolerance,
and hypercholesterolemia, increased steeply with time. These
changes in cardiovascular risk factors might affect the inci-
dence of ischemic stroke and its subtypes.

Hypertension is the most powerful risk factor for ischemic
stroke.” In the first cohort, hypertension contributed to ap-
proximately half of the occurrence of ischemic stroke. During
the study period, the age-adjusted prevalence of hypertension
declined in women, and the proportion of all participants
receiving hypertensive treatment increased steeply in both
sexes, This improvement of hypertension control resulted in a
decrease in age-adjusted mean systolic blood pressure level
of 14 mm Hg among hypertensive subjects in both sexes.
Because of this improved control of hypertension, the impact
of the discase on the development of ischemic stroke was
seen 10 weaken in the third cohort. The Framingham Study
also showed a decline in the annual incidence of nonembolic
stroke during a follow-up period of 50 years or more.? During
this period, the mean systolic blood pressure level. prevalence
of hypertension, and proportion of all participants receiving
treatment for hypertension improved significantly, These
reductions in the incidence of ischemic stroke and improve-
menis in treatment for hypertension were similar to the
findings of the present study. Our previous study showed that
the impact of hypertension was similar for all ischemic stroke
subtypes. ' These results suggest that better management of
hypertension might have made the biggest contribution to the
declining trend in the incidence of ischemic stroke, especially
of LAl however, hypertension was still a significant risk
factor in the third cohort and had a large auributable risk
fraction for ischemic stroke. Because half of the hypertensive
subjects did not undergo treatment for hypertension in the
third cohon, there is a need for greater primary prevention
efforts to improve the treatment of hypertension.

In subjects in the present study, the age-adjusted preva-
lence of metabolic disorders, such as obesity, hypercholes-
terolemia, and glucose intolerance, increased greatly during
the past 40 years, probably owing to the westermization of the
Japanese lifestyle. When we examined the impact of these
metabolic disorders on the development of ischemic stroke,
glucose intolerance was a significant risk factor in the first
and the third cohon, and the impact of obesity was constant
throughout the study period. Both glucose intolerance and
body mass index have been shown to be significant risk
factors for ischemic stroke and LAL'™ ™ Moreover, obesily is
closely related to other cardiovascular risk factors and jointly
increases the risk of ischemic stroke.'” Our previous study
also showed that the accumulation of metabolic disorders
(that is, metabolic syndrome) was a significant risk factor for
the development of ischemic stroke in our third cohort.™ We
speculate that the improved management of hypenension and
the worsening of metabolic disorders cancelled each other out
and resulted in the slowdown of the declining trend of the
incidence of LAT and the sustained incidence of ATI.

Smoking is a widely accepted risk factor for ischemic
stroke in Western populations, but this relationship is contro-
versial for Japanese.'*21.2* In the present study cohors, the
declining prevalence of smoking habits closely mirrored the
declining trend in the incidence of ischemic stroke; however,
smoking habits had little impact on the incidence of ischemic
stroke in the present study cohorts. One possible explanation
is that the association between smoking and the risk of
ischemic stroke is only evident in populations with moderate
to high levels of serum cholesterol.®® A recent review of
cardiovascular mortality trends in Japan® showed that the
increase in serum cholesterol appeared mainly in young to
middle-aged people. In contrast, elderly people, a high-risk
group for ischemic stroke, continued to maintain a lower
cholesterol level. However, the prevalence of smoking habits
is still high in Japanese men, and therefore, the adverse
influence of smoking might appear in the current generation
of younger men, with a higher cholesterol level 1o be seen in
the future.

LAI is the most common subtype of ischemic stroke in the
Japanese population, unlike in Western populations.! Among
subjects in the present study, because of the decreased
incidence of LAI and the suswained incidences of ATI and
CEL the proportion of ischemic stroke subtypes has become
closer to that of Western populations in men (Figure).
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However, the pattem of ischemic stroke subtypes differed
from that of Western populations, with subjects in the present
study showing a high proportion of LAI even in recent years
(43% for men and 52% for women in the third cohort). A
recent hospital-based registration study in an urban area®* and
a study of 16 992 patients with acute ischemic stroke from
rural areas in Japans also showed a higher prevalence of LAI
than of other subtypes. One possible explanation for this is the
racial difference in the genetic susceptibility of LAL We recently
found 2 susceptibility genes for ischemic stroke, PRKCH and
AGTRLI, in a genome-wide association study.®2 A single-nu-
cleotide polymorphism in the PRKCH gene increased the risk of
LAL but this single-nucleotide polymorphism is specific 1o
Asian populations.”

The present study has several limitations. First. the number
of events of subtypes other than LAI was relatively small, and
therefore, the power 1o assess trends in the incidence of and
risk factors for ischemic stroke subtypes was weak. Second,
there were a large number of subjects overlapping among the
cohorts, Indeed, 916 of the subjects in the first cohort also
accounted for 45% of the population of the second cohont. In
addition, a total of 1229 subjects in the second cohort also
participated in the third cohort (47% of the third cohort).
However, we treated the overlapping subjects as in any life
table analysis, establishing every cohont after excluding
subjects with prior stroke or myocardial infarction at baseline.
Therefore, these overlapping populations were not considered
to distort the incidence trends in the present study. Third. the
measurement of blood glucose and the criteria for glucose
intolerance were different among the cohons, which suggests
an underestimation of the prevalence of glucose intolerance
in the former cohonts. Nevertheless, the rapid changes in
other risk factors in the present study are in accordance with
the results of the National Nutritional Survey and other
surveys of Japan.> Finally, the methods of case ascertain-
ment and the diagnostic sensitivity of imaging techniques
changed dramatically during the study period. The proportion
of case subjects with of incident ischemic stroke who re-
ceived dingnostic imaging tests increased over time. Echo-
cardiography and carotid scanning were rarely performed in
the former cohornts (3.05% and 0% in the first cohort, 29.6%
and 4.2% in the second cohon, and 61.7% and 27.3% in the
third cohort, respectively). Therefore. it is possible that the
trends in the incidence of ATl and CEl were less accurate
than the trends for LAIL Nonetheless, we believe that the
findings of the present study reflect the actual secular trends
in the incidence of ischemic stroke subtypes and their risk
factors in the Japanese population, because we performed
comprehensive surveillance, including autopsy examinations,
in most of the cases,

Conclusions
By comparing the incidence of and risk factors for ischemic
stroke subtypes among 3 cohorts established at different
times in a Japanese community, we demonstrated that the
incidence of LAI declined significantly from the 1960s to the
late 1990s. but LAI remained the most frequent subtype of
ischemic stroke in the Japanese. The improvement in hyper-
tension control might have had a major influence on this

Ischemic Stroke Subtypes and Risk Factors 2677

declining rend. However, hypertension still has a large
impact on ischemic stroke, and the increasing prevalence of
metabolic disorders might emerge as an additional risk in
future cohorts. The present study indicates the need for
continued primary prevention efforts, particularly with re-
spect to hypertension and metabolic disorders.

Sources of Funding
This study was supporied in pant by a grant-in-aid for scientific
research A (No. 18209024) from the Ministry of Education, Culture,
Sponts, Science and Technology of Japan,

Disclosure

None,

References

1. Hachinski V. Stroke in Japanese. Stroke. 2006;37:1143,

2. Carandang R, Seshadri 8. Beiser A, Kelly-Hayes M, Kase CS, Kannel
WHB, Wolf PA. Trends in incidence, lifetime risk. severity, and
maortality of stroke over the past 50 years. JAMA. 2006 296:2939 -2046,

3. Mayo NE, Nadeau L. Daskalopoulou S8, Cote R. The evolution of stroke
in Quebec: a S-year perspective. Newrology. 2007:68:1122-1127.

4. Kleindorfer D, Broderick 1. Khoury J, Flaherty M. Woo D, Alwell K,
Moomaw CJ, Schneider A, Miller R, Shukla R, Kissela B, The
unchanging incidence and case-Tatality of stroke in the 1990s: a
population-based study. Stroke. 2006:37:2473-2478.

- Kagan A, Popper J, Reed DM. MacLean CJ, Grove JS. Trends in stroke
incidence and morality in Hawalian Japanese men. Stroke. 1994;25:
1170-1175.

6. Sytkowski PA. D’ Agostino RB, Belanger A, Kannel WB. Sex and time
trends in cardiovascolar disease incidence and mortality: the Framingham
Heart Study, 1950-1989. Am J Epidemiol. 1996:143:338 -350.

7. Shimamoto T, Komachi ¥, Inada H. Doi M. Iso H. Ssto S, Kitamura A,
lida M. Konishi M. Nakanishi N. Terao A. Naito Y. Kojima S. Trends
for coronary heant disease and stroke and their risk factors in Japan.
Circulation. 1989;79:503-515.

. Kuba M, Kiyohara ¥, Kato L Tanizaki Y. Arima H. Tanaka K, Nakamura
H, Okubo K, lida M. Trends in the incidence, monality, and survival rale
of cardiovascular disease in a Japanese community: the Hisayama Study,
Stroke. 2003:34:2349-2354,

9. Sacco RL. Risk factors, oulcomes, and stroke sublypes for ischemic
stroke. Mewrology, 1997 4% suppl 45539544,

10, Tanizaki Y, Kiyohara Y. Kato I, Iwamoto H. Nakayama K, Shinohara N,
Arima H, Tanaka K. Ibayashi S. Fojishima M. Incid and risk factors
for sublypes of cerebral infarction in a general population: the Hisayama
Study. Stroke. 2000:31:2616-2622.

11. Specinl report from the National Institute of Neurological Disorders and
Stroke: classification of cerebrovascular disease 111 Stroke. 1990.21;
637-6T6.

12. Adams HP Jr. Bendixen BH, Kappelle LI, Biller J. Love BB, Gordon DL.
Marsh EE IlI: TOAST Investigators. Classification of sublype of acute
ischemic stroke: definitions foe use in a nwilticenter clinical trial. Strode.

1993:24:35-41,

13. Cerebral Embolism Task Force. Cardiog
Newrol. 1986,43:71-84.

I4. Katsuki 5, Epidemiological and clinicopathological study on cerebro-
voscular disease in Japan, Proy Brain Res. 1966:21:64-89,

I5. Omae T, Ueda K, Kikumura T. Shikata T. Fujii 1, Yanal T, Hasuo Y.
Cardiovascular deaths among hy pentensive subjects of middle 1o old age:
a long-term follow-up study in a Japanese community. ln: Onesti G, Kim
KE. eds. Hypertension in the Young and Old, New York. NY: Grune &
Stratton; 198]1:285-297,

16. Fujishima M, Kiyohara Y. Kato |, Ohmura T, Iwamoto H, Nakaysma K,
Ohmori 8. Yoshitake T. Diabetes and cardiovascular disease in a pro-
spective population survey in Japan: the Hisayama Stwudy. Diobetes.
1996:45(suppl 31:514-516.

17. Kubo M, Kiyohara Y. Ninomiya T. Tamzaki Y, Yonemoto K. Doi Y,
Hata J. Oishi ¥, Shikain K, lida M. Decreasing incidence of lacunar vs
ofher types of cerebral infarction in a Japanese population. Newrology.
2006;66: 1539 -1544,

18, Oki [, Nakamura Y, Okamura T, Okayama A, Hoyakawa T, Kita Y,
Ueshima H; NIPPON DATARO Research Group. Body muss index and risk

L

brain emboli Arch

Downloaded from circ.ahajournals.org at KYUSHU UNIVERSITY on December 23, 2008

_94_



2678

13

. Usshima H, Choudh

. Ueshi

Circulation December 16/23, 2008

of stroke mortality among a random sample of Japanese adults: 19-year
follow-up of NIPPON DATASD. Cerebrovase Dis. 2006:22:409-415,

Miy N, Kadowaki T, Ok T.H T. Kita Y. Okay
A, Nab Y. Oki I, Ueshima H. Different effects of blood pressure on
maortality from stroke subtypes depending on BMI levels: a 19-year
cohort study in the Japanese general population - NIPPON DATAZ0. J
Hum Hypertens. 2005:19:285-291.

. Ninomiva T, Kubo M, Doi Y, Yonemoto K. Tanizaki Y, Rshman M,

Arima H, Tsuruya K, lida M, Kiyohara Y. Impact of metabolic syndrome
on the development of cardi lur disease in a general Japanese
population: the Hisayama Study. Stroke. 2007:38:2063-2069.

. Kiyohara Y, Ueda K. Fujishima M. Smoking and cardiovascular disease

in general population in Japan. J Hypertens. 1990:8.59-515.

¥ SR. Okayama A, Hayakawa T, Kita ¥, Kadowaki
T. Okamura T. Minowa M. limura O; NIPPON DATAS0 Research
Group. Cigarette smoking as o risk factor for stroke death in Jupan:
NIPPON DATARO. Siroke. 2004,35: 18361841,

H. Explanation for the Jay paradoy: prevention of increase
in coronary hean disease and reduction in stroke. J Atheroscler Thromb.
2007:14: 278 -286.

2

. Kitamura A, Nakagawa Y. Sato M, Iso H. Sato S, Imano H. Kivama M,

Okada T, Okada H. lida M, Shimamoto T. Propartions of stroke subty pes
among men and women =30 years of age in an urban Japanese city in
1992, 1997. and 2002. Stroke. 2006:37:1374-1378.

. Kimura K, Kazui §, Minematsu K, Yamaguchi T, for the Japan Multi-

center Stroke Investigators” Collaboration (J-MUSIC). Analysis of 16992
patients with acute ischemic stroke and transient ischemic sftack in a
hospital-based prospective regisiration study. Cerrbrovase Dis. 2004:18:
47-56.

Hata J, Matsuda K. Ninomiya T, Yonemolo K, Matsushita T, Ohnishi Y,
Saito 8, Kitazono T. Ibaysshi S, lida M, Kiyohara Y, Nakamura Y, Kubo
M. Functional SNP in an Spl-binding site of AGTRL/! gene is associaled
with susceptibility 1o brain infarction. Hium Mol Gener. 2007:16:
630-639.

. Kubo M, Hata J, Ninomiya T, Matsuda K. Yonemoto K. Nakano T,

Matsushita T, Yamazaki K, Ohnishi Y, Saito 5. Kitazono T, Ibayashi S,
Sucishi K., lida M, Nakamurm Y, Kivoham Y. A nonsynonymous SNP in
PRKCH {protein kinase Cr) i the risk of bral infarction. Mar
Genet, 2007:39:212-217.

CLINICAL PERSPECTIVE

Stroke continues o be a major public health concern worldwide. Several epidemiological studies have reported that the
declining or stable incidence of stroke is most often attributed 1o better treatment of risk factors over time. Here, by
comparing the incidence of and risk factors for ischemic stroke subtypes among 3 cohorts established at different times in
a Japanese community, we demonstrate that the age-adjusted incidence of ischemic stroke and of lacunar infarction
declined significantly from the 1960s to the late 1990s, but lacunar infarction remains the most frequent subtype of
ischemic stroke in the Japanese. Hypertension was a powerful risk factor for the development of ischemic stroke. and
improvement of hypertension control would have largely influenced this declining rend: The age- and sex-adjusted hazard
ratio of hypenension decreased from 3.25 (95% CI 2.17 10 4.86) in the first cohort to 1.83 (1.29 10 2.58) in the third cohort.
However, hypertension still has a large impact on ischemic stroke, and the increase in metabolic disorders might emerge
as an additional risk in the third cohort. The present study indicates the need for continued primary prevention efforts,
particularly with respect to hypertension and metabolic disorders.
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Abstract

The activation of the inflammatory/immunological response
system is suggested to be related to the pathophysiology of
schizophrenia. Aripiprazole is a novel atypical antipsychotic,
which Is a high-affinity dopamine D, receptor partial agonist.
Atypical antipsychotics, all of which have dopamine D,
receptor antagonism, have recently reported to have signifi-
cantly inhibitory effects on interleron (IFN)-y-induced micro-
glial activation in vitro. In the present study, we Investigated
whether or not ariplprazole also has anti-inflammatory effect
on IFN-y-induced microglial activation. Not quinpirole, dopa-
mine D full agonist, but aripiprazole significantly inhibited the
generation of nitric oxide (NO) and tumor necrosis factor
(TNF)-a from IFN-y-activated microglia and suppressed the
IFN-y-induced elevation of intraceliular Ca®* concentrations
(IC2}) in murine microglial cells. Increased [Ca®*), has been

Microglial acuvation plays an important role in the patho-
physiology of neurodegenerative discases such as Alzhei-
mer's discase and Parkinson’s disease via the release of
proinflammatory cytokines, nitric oxide (NO) or reactive
oxygen species (McGeer er al. 1993; Stoll and Jander 1999).
Recent neuroimaging studies suggest the possibility that even
schizophrenia may be a kind of neurodegenerative discases
like Alzheimer's disease and Parkinson's disease (Licherman
1999; Licberman et al. 2005; Salisbury er al. 2007). Post-
moriem brain studies using class I human leucocyte antigen
(HLA-DR) have revealed microglial activation in the brains
of patients with schizophrenia (Bayer er al 1999, Radewicz
et al. 2000; Steiner et al. 2006, 2008). The activation of the
inflammatory/immunological response has been increasingly
reported in patients with schizophrenia (Lin er al. 1998;
Zhang er al. 2004; Bemstein er al. 2005; Drzyzga et al.
2006). Immunomodulatory drugs such as cyclooxygenase-2
inhibitors and minocycline, a potent inhibitor of microghal
activation, have shown beneficial effects on symptoms of

© 2008 The Authors

reported to be required, but by itself not sufficient, for the
release of NO and certain cytokines. As a result, we can
speculate that aripiprazole may inhibit IFN-y-induced micro-
glial activation through the suppression of IFN-y-induced
elevation of [Ca®*}, In microglia. Our results demonstrated that
not only antipsychotics which have dopamine D, receptor
antagonism but also aripiprazole have anti-inflammatory ef-
fects via the inhibition of microglial activation. Antipsychotics
may therefore have a potentially useful therapeutic effect on
patients with schizophrenia by reducing the microglial inflam-
matory reactions.

Keywords: atypical antipsychotic drug, inflammatory cyto-
kine, intracellular Ca®* regulation, microglia, nitric oxide,
schizophrenia.

J. Neurochem. (2008) 106, 815-825.

schizophrenia (Akhondzadeh er al. 2007, Miyaoka et al
2007). Morcover, atypical antipsychotics, such as clozapine
and nisperidone, have reported to decrease serum levels of
IL-2, IL-6 and tumor necrosis factor (TNF) —a in patients
with schizophrenia (Lu ef al. 2004).

For long time, dopamine D, receptor antagonism has been
believed to be the primary therapeutic target for schizophre-
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nia because almost all antipsychotics have dopamine D,
receptor antagonism (Kapur and Mamo 2003; Miyamoto
et al. 2005). Aripiprazole is a novel atypical antipsychotic,
which is a high-affinity dopamine D, receptor partial agonist
(Burris et al. 2002, Shapiro er al. 2003). In spite of a
different pharmacological profile, aripiprazole is cffective
against the positive and negative symptoms of patients with
schizophrenia like other antipsychotics with lower side
effects (Potkin et al 2003; Tandon et al. 2006; Kane et al.
2007, Taylor et al. 2007).

We recently demonstrated that atypical antipsychotics such
as risperidone, perospirone, quetiapine and ziprasidone, all of
which have D, antagonism, have a significantly inhibitory
cffect on interferon (IFN) -y-induced microglial activation in
vitro (Kato ef al. 2007, Bian er al 2008). In the present
study, we therefore investigated whether or not aripiprazole
also has an inhibitory effect on IFN-y-induced microglial
activation. Intracellular Ca®* regulation plays an important
role in microglial activation (Hoffmann er al. 2003). We
therefore also investigated the effect of aripiprazole on the
intracellular Ca® regulation in IFN-y-activated microglia.

Materials and methods

Materials
Aripiprazole was kindly donated by Otsuka Pharmaceutical Co.,
Ltd. (Tokushima, Japan). Recombinant [FN-y and mouse granulo-
cyte macrophage colony stimulating factor were purchased from
R&D systems (Minneapolis, MN, USA). Bisindolylmaleimide 1
(BIM I) was purchased from BIOMOL (Plymouth Meeting, PA,
USA). Quinpirole, SB203580, PD98059, 1,2-Bis(2-aminophen-
oxy)ethane-N NN’ N'-tetraacetic acid (BAPTA) AM and all other
mamn chemicals were purchased from Sigma (St. Louis, MO, USA).
Aripiprazole was initally dissolved into 20 mM with dimethyl
sulfoxide (DMS0) and then diluted to | mM with phosphate-
buffered saline (PBS) for experiments. The final concentrations of
aripiprazole were 5-20 uM. DMSO at the highest concentration
(0.1%) under the experimental conditions was not toxic to cells.

Cell cultures
The murine microglial cell line, 6-3, was kindly gified from Prof. M.
Sawada of Nagoya University. The 6-3 cells were established from
neonatal C57BL/6) (H-2b) mice using a non-enzymatic and non-
virus-transformed procedure (Kanzawa er al. 2000). The 6-3 cells
closely resemble primary cultured microglia (Sawada er al. 1998;
Kanzawa et al. 2000), The 6-3 cells were cultured in Eagle’s minimal
essential medium, 0.3% NaHCO;, 2 mM glutamine, 0.2% glucose,
10 g/mL insulin and 10% fetal calf serum, and then were maintained
at 37°C in a 10% CO; and 90% air atmosphere. One ng/mL mouse
recombinant granulocyte macrophage colony stimulating factor was
supplemented in the culture medium to maintain the 6-3 cells
because these cells stopped proliferating in its absence (Kanzawa
et al. 2000). The culture media were renewed twice per week.
Primary mixed cells were prepared from the whole brain of the 3-
day-postatal Sprague-Dawley rats, using Cell Stramer (BD Falcon,

© 2008 The Authors
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Franklin Lakes, NJ). Primary rat microglial cells were selected after
attachment to Aclar film (Nisshin EM, Tokye, Japan) for 2 h in
Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with
10% fetal bovine serum (FBS) (10% FBS/MDulbecco’s modified
Eagle's medium). Aclar films were slightly washed by phosphate-
buffered saline and then transferred to fresh 10% FBS/Dulbecco’s
modified Eagle's medium, and the fresh microglia was expanded for
1-2 days. The purity of the isolated microglia was assessed by
immunocytochemical staining for microglial marker, Iba-1, and
> 99% of cells were stained positively.

Rat pheocromocytoma PC12 cells were cultured in Eagle's
minimal essential medium, 0.3% NaHCO;, 2 mM glutaming, 0.2%
glucose, 10 g/mL insulin and 10% fetal calf serum, and then were
maintained at 37°C in a 10% CO; and 90% air atmosphere,

Reverse transcription-polymerase chain reaction (RT-PCR)

Total RNA was isolated from the 6-3 murine microglial cells using
the RNeasy Mini Kit (Quiagen). RT-PCR was performed with RNA
and gene-specific primer for dopamine D receptors (forward: 5'-
GCAGCCGAGCTTTCAGGGCC-3" and reverse: 5-GGGATGTT-
GCAGTCACAGTG-3') as previously described by Lemmer et al.
(Lemmer e al. 2002) and reagents included in the SuperScnipt U1
RT-PCR System (invitrogen). Reverse ranscription and Amplifica-
tion was carried out in a gradient cycler (Biometra). The reaction
mixture was incubated at 94°C for 2 min to fully activate the Tag
DNA polymerase, then followed by a touchdown protocol of
denaturing at 94°C for 15 s, annealing from 94°C down to 66°C for
30 s, and extension at 68°C for 1 min in 30 cycles. Finally, a 5-min
extension at 68°C was conducted. PCR products were resolved by
electrophoresis in 2% agarose gels, stained with ethidium bromide,
and photographed. The predicted size was checked by a 100 bp
DNA ladder (Biobeer).

NO and TNF-x release assessment

The 6-3 cells were plated on 96-well tissue culre plates at | x 10°
cells per 200 uL per well and then were pre-ncubated in the
presence or absence of aripiprazole or Dy receptor full agonist,
quinpirole for 12 h and then incubated in the presence or absence of
50 U/mL IFN-y or | pg/mL LPS at 37°C. After 48 h, the collected
media were assayed for NO or TNF-a aceumulation. NO or TNF-x
release into the culre medium was measured using a Griess
reaction assay kit (Dojindo, Kumamoto, Japan) or a mouse TNF-a
enzyme-linked immunosorbent assay (ELISA) kit (Biosource
Intemnational, Camarillo, CA, USA), respectively. The absorbance
of Gress reaction or ELISA was read at 540 nm or 450 nm,
respectively, using a plate reader (Labsystems Multiscan MS,
Frankfun, Germany). Rat primary microghal cells were plated on
96-well tissue culture plates at 1 % 10* cells per 100 pL per well and
then were pre-incubated in the presence or ahsence of anipiprazole or
quinpirole for 12 h and then were incubated in the presence or
absence of 50 U/mL IFN-y or | pg/mL LPS at 37°C. After 48 h, the
collecied media were assayed for NO accumulation as described
above.

intracellular Ca’* imaging

The experiments were performed in HEPES buffer (150 mM NaCl,
5mM KCl, 2mM CaCly, | mM MgCly, 10 mM glucose and
10 mM HEPES. pH 7.4 with Tris-OH) at room temperature (25°C).
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Intracellular Ca®* concentration [{Ca‘“],) was monitored using fura-
2 (AM) (Grynkiewicz et al. 1985; Mizoguchi et al. 2002). The 6-3
cells plated on glass-base dish were loaded with 5§ uM fura-2 AM
(Dojndo, Wako, Japan) for 20 min and washed three times with
HEPES buffer before the measurement. During the measurement
using an inverted microscope (20x; Olympus 1X70-22FL, Olympus
Co. Tokyo. Japan), external HEPES buffer was constantly perfused
(10 mL/min), For fura-2 excilation, the cells were illummated with
two alternating wavelengths, 340 and 380 nm using a computerized
system, The emitted light was collected at 510 nm using a cooled
CCD camera (C4742-95ER, Hamamatsu Photonics, Hamamatsu,
Japan) and images were stored every 5 s. These series of sequential
data were analyzed using the AquaCosmos software package
(Hamamatsu photonics, Hamamatsu, Japan). The [Ca’'] was
calculated from the ratio (R) of fluorescence recorded at 340 and
380 nm excitation wavelengths for each pixel within a cell boundary
(AquaCosmos sofiware). Calibrations (conversion of R340/380
values mnto calcium concentrations) were performed as described
previously (Grynkiewicz ef al. 1985). Basal [Ca®*], was determined
from the initial 10 images of each cell recording. A [Ca’"}, signal
was defined as an increase in R 340/380 with clear time correlation
to the application of [FN-y.

Cell viability

Cell viability was determined by colorimetric measurements of the
reduction product of 3-[4,5-dimethylthiazol-2-y1]-2.5-dipheny ltetra-
zolium bromide (MTT). After treatment with or without aripipraz-
ole, the original medium was removed from the 96-well plates, and
the cells were incubated for 2 h at 37°C in the presence of phenol
red free c (Invitrogen Corporation, NY.)
containing 0.5 mg/mL MTT. A 100 uL MTT lysis buffer (5%
sodium dodecylsulfate and 5 mM HCI) was then added to each well,
and the plates were incubated a1 37°C ovemnight to dissolve the
formazan that had formed in the wells. MTT is reduced to formazan
in the mitochondna of living cells. Reduced MTT was measured by
means of a plate reader (Labsystems Multiscan MS, Frankfur,
Germany) al a wavelength of 570 nm

tial Hi

Statistics

All data are represented as the means = SEM and they were
analyzed by a one-way analysis of vanance (Anova) followed by
Fisher's PLSD post hoe test for specific comparisons. Significance
was established at a level of p < 0.05

Results

The effect of aripiprazole on NO and TNF-= release by
IFN~-y-activated microglia

We found the PCR products of the dopamine Dy receptors
mRNA, thus indicating that the 6-3 murine microglial cells
express dopamine D; receptors (Fig. 1).

Interferon-y significantly induced NO and TNF-x release
from the 6-3 munne microghial cells as which is consistent
with previous reponts (Kato et al. 2007). The 6-3 cells were
pre-treated with DMSO (0.1%), aripiprazole (5, 10 and
20 pM) or D; receptor full agonist, quinpirole (5, 10 and

© 2008 The Authors
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Fig. 1 The expression of dopamine D; receptor mANA in murine
microglial cells. PCR using cDNA from the murine 6-3 microglial cells
was perlormed. Agarose gel electrophoresis of PCR amplified prod-
ucts of dopamine D; receptors. The band coresponds 1o mRANA of the
dopamine Dy receptors (529 bp).

20 uM) for 12 h, then the cells were treated with each drug
and IFN-y (50 U/mL) for 48 h. Arnpiprazole significantly
inhibited the NO release dose-dependently in comparison
with the positive control (DMSO + IFN-y group), while
quinpirole did not inhibit the NO release (Fig. 2a). In order
to confirm whether these effects are specific to IFN-y-
induced microglial activation or not, we measured the effect
of aripiprazole on LPS-induced microglial activation. An-
piprazole significantly inhibited NO release, while, quinpi-
role did not inhibit such NO release by LPS-activated 6-3
microglia (Fig. 2b). The degree of inhibition of NO release
was less in LPS- than in IFN-y- activated 6-3 microgla.
These results suggest that the inhibitory effects of aripip-
razole were not specific to [FN-y receptor-mediated signal-
ing. In additon, we also prepared rat primary microglial
cells in order to confirm the relevance of our results in these
cells. Similar to what was observed in the 6-3 murine
microglial cells, aripiprazole significantly inhibited NO
release from LPS-activated rat primary microglia, while,
quinpirole did not inhibit NO release by LPS-activated rat
pnmary microglia (Fig. 2¢). The treatments of aripiprazole
or quinpirole with or without LPS did not have any effect
on the cell viability in these experiments (data not shown).
These results suggest that the inhibitory effects of aripip-
razole on microglial activation were not specific to the 6-3
microglia.

The 6-3 cells were pre-treated with DMSO (0.1%),
aripiprazole (5, 10 and 20 uM) or quinpirole (5, 10 and
20 uM) for 12 h, then the cells were treated with each drug
and IFN-y (50 U/mL) for 48 h. Anpiprazole strongly
inhibited the release of TNF-a dose-dependently, On the
other hand, quinpirole had no inhibitory effect on the relcase
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