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

Daisuke MAEBUCHI", Hisatomi ARIMAY, Toshiharu NINOMIYA", Koji YONEMOTO",
Michiaki KUBO", Yasufumi DOI?, Yumihiro TANIZAKI?, Kiyoshi MATSUMURAZ,
Mitsuo IDAY, and Yutaka KIYOHARA"

Few lati have addi d the iation of QT interval prolongation with clinical or

ical arterial disease. The primary objective here was to ine the relationshi the pulse wave
velocity (PWV! and the heart rate—corrected QT interval duration (QTc). This is a cross-sectional study,
based on a survey of a g i population of Jag We ined 2,666 ity-cwelling |

without history of cardiovascular disease, aged 40 or over. The PWV was measured between the brachial
and ankle regions (baPWV). QTc was estimated using Bazett's eq The age-adj i mean values of
QTe increased progressively with rising baPWV levels for either sex: for men, 387, 401, 403, and 406 ms for
quartile groups defined by baPWV values of less than 1,369, 1,370 to 1,560, 1,561 to 1,840, and 1,841 ar
greater cmis, respectively (p<0.0001 for trend); for women, 406, 410, 414, and 417 ms for quartile groups
defined by baPWV of less than 1,269, 1,270 to 1,483, 1,484 to 1,821, and 1,822 or greater cm/s, respectively
(p=0.0001 for trend). When male and female subjects were combined, this positive relationship between
baPWV and QTc remalned significant, even after controlling for age, sex, hyp ion, ECG ab lities,

yslipi ia, diab besity, serum i and potassi Icohol intake, and smoking habits
(p=<0,0001 for trend). In conclusion, baPWV is independently associated with QT interval prolongation.
(Hypertens Res 2008; 31: 1339-1345)

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

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

Introduction

The QT interval duration on an ECG represents the duration
of ventriculur depolarizetion and repolarization (/, 2). It has
been suggested that disturbance of cardiac ion channels (1, 2),
decreased autonomic tone (3), and myocardial ischemia/
infarction (4) extend the JT interval duration, bul the etiology
of the acquired form of QT interval prolongation has not been

clinical arterial disease (5-9) as well as sudden cardiac dearh
(5). Likewise, a few cross-sectional studies have suggested o
positive nssociation between QT interval prolongation and

belinical arterial di such us carotid intima media
thickness (/0~12). However, there is significant uncertamty
sbout the association between QT interval prolongation and
other forms of subclinical arterial disease.
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Table 1. Age-Adjusted Mean Values or Frequencies of Relevant Factors According to Brachinl-Ankle Pulse Wave Velocity

Quartiles in 1,089 Men

Brachial-ankle pulse wave velocity (em/s)

Variables 963-1,369 1,370-1 560 1,561-1 840 1.841-3,690 p for trend
(n=270) (n=273) (m=276) (n=270)
Ago (ycars) 514484 55.619.6 60.24£9.7 68.918.9 <0.0001
Heart mte (bpm) 60.1£9.9 634299 65.2%£10.0 T70.4£9.9 <0.0001
Systolic blood pressure (mmHg) l64at16.4 1269+ 14.9 138.9415.0 15124164 <0.0001
Diastolic blood pressure (mmHg) 71.1£9.9 78.64£9.9 B4.6£10.0 91.249.9 <0,0001
Hypertension (%) 1.8 294 60.8 89.5 <0.0001
Antihypertensive drugs (%) 5.1 13.6 222 12 <0.000]
B-Blocker (%) 23 28 5.7 35 0.15
Caleum ehannel blocker (%) 43 93 20.7 16.5 <0,0001
ACE inhibitor (%) 0.9 28 5.0 5.1 0.0014
ARB (%) 1.8 5.6 3.0 4.1 0.63
ECG abnormalitics (%) 115 14.5 174 189 0.001
Total cholesterol (mmol/L) 5.0£09 5.0£09 5.120.9 5.1%09 0.23
HDL cholesterol (mmol/L) 1.5£04 15204 14104 1.5+£04 0.46
LDL cholesterol (mmol/L) 3.1£09 3108 3.010.8 3.0£09 0.25%
Triglyeenide (mmol/L) 13414 1.5+13 1913 1.9+1.5 <0.0001
Dyslipidemia (%) 46.6 50.5 554 59.8 0.002
Fasting plasma glucose (mmol/L) 58415 CREI 63£13 6.7£1.5 <0.0001
HbAle (%) 49208 5008 5.1£08 5310 <0.0001
Diabetes (%) 12,6 150 20.5 437 <0.0001
BMI 13.0£3.3 23,4233 23,8133 23.813.3 0,01
Obesity (%) 0.2 295 32.0 53.2 0.09
Serum caleium (mmol/L) 231041 13201 2310.1 2.3%0.1 0.10
Serum potassium (mmol/L) 44203 44203 43203 43203 0.08
Alcohol intake (%) 65.7 65.1 742 735 0.0006
Habitunl smoking (%) 55.7 45.1 45.1 373 0,04
Values are age-adjusted means=5D or freg ics. ACE, angy ing enzymo; ARB, angiotensin roceptor blocker; HDL

high-density lipoprotein; LTL, low-density lipoprotein; BMI, body mass index.

Aortic pulse wave velocity (PWV) is an established marker
for subclinical urterinl disease (13, /4) as well as for arterial
stiffness (/5). Brachial-angle PWV (baPWV) has also been
shown to be closely associated with aortic PWV and to be an

cross-sectional study was based on a screening survey con-
ducted in 2002 and 2003, A total of 3,328 residents aged 40
years or over (77.6 % of the total population of this age group)
participated in the examination and underwent a comprehen
sive | including baPWV and ECG. Of these, 242

excellenl functional markzr for subcl I arterinl di
(186).

The present cross-sectional study evaluates the association
of baPWV with heart mtz-comected QT interval duration
(QTc) in a general populal on of Japanese.

Methods

Study Population

The Hisayama Study is an ongoing population-based epide-
miological study designed to investigate the morbidity and
maortality of cardiovascular disease and its risk factors in the
town of Hisayama, Japan. The design of the Hisayama Study
has been described in detail elsewhere (17). The present

subjecis for whom there was no information on baPWV or
ECG, 54 subjects who were likely to have peripheral arterial
discase (ankle-brachinl index <0.9), 189 subjects with atrial
fibrillation or intraventricular conduction disturbance (QRS
interval =120 ms), 30 subjects with clevated heart rute (> 100
beats/min), 22 subjects who did not take a fasting blood test,
16 subjects aking medication affecting the QT interval dura-
tion (Le., antiarrhythmic drugs, antibiotics, sntipsychotic
agents or antihistamines) (2), 111 subjects with a history of
cardiovascular disease (myocardial infarction, coronary
revascularization or stroke), and 30 subjects who refused to
participate in the present study were excluded from the anal-
yses. The final study group comprised 2,666 subjects (1,089
men and 1,577 women).
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Table 2. Age-Adjusted Mean Values or Frequencies of Relevant Factors According to Brachini-Ankle Pulse Wave Velocity

Quartiles in 1,577 Women

Brachial-ankle pulse wave velocity (em/s)

Variables 900-1.269 1,270-1.493 1,494-1,821 1.822-4.128 p for wend
(n=395) (n=392) (n=396) (n=394)
Age (ycars) 49768 56,0284 62.749.2 715184 <0.0001
Heart rate (bpm) 629£11.9 64.9:99 68.6210.0 T2.8x11.9 <0,0001
Systolic blood pressure (mmHg) 107.5£17.9 121,7£15.8 1352159 150.5+199 <0.0001
Dinstolic blood pressure (mmHg) 63.9+11.9 73.549.9 80.2£10.0 8742119 =0,0001
Hypertension (%) 32 16.9 50.2 855 <(.0001
Antihyperiensive drugs (%) 23 14 257 475 <0.0001
B-Blocker (%) 02 1.4 26 6.0 0.000]
Caleium channel blocker (%) 1.9 6.1 205 381 <0.0001
ACE inhibitor (%) 0.0 0.5 13 69 <0.0001
ARB (%) 0.2 0.9 5.1 L X ] <0.0001
ECG abnormalitics (%) 30 B4 10.3 309 «<0.0001
Total cholesterol {mmol/L) 5.2x1.0 55209 56209 5410 0.01
HDL cholesterol (mmol/L) 1.8£0.5 L8204 1.7£0.4 1.6£0.5 0.0002
LDL cholesterol (mmol/L ) 32£0.9 34208 34208 3.3£1.0 0.15
Triglyceride (mmal/L) 09+0.8 1.1£0.7 1.320.7 14209 <0.0001
Dyslipidemia (%) 492 535 58.8 684 0.0001
Fasting plasma glucose (mumol/L) 54%12 5.8%1.1 6.0£1.1 6.4%1.3 <0.0001
HbAle (%) 48208 5.00.6 5.1£0.6 53+08 <(.0001
Diabetos (%) 31 LY 124 343 <0.0001
BMI 21.7x4.0 22840 156140 24.024.0 <0.0001
Obesity (%) 284 246 305 39.6 0.0004
Serum colcium (mmol/L) 23£0.1 23201 23z0.1 23201 0.01
Scrum potessium (mmol/L) 43104 43204 4304 42204 0.003
Alcohol intake (%) 22,5 203 31 293 0.69
Habiwal smoking (%) 21.0 6.3 9.4 4.7 049
Values arc age-adjusicd means£SD or freg ics. ACE, angi werting enzyme: ARB, angiotensin receptor blocker; HDL.

high-density lipoprotein; LDL, low-density lipoprotein: BML, 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 d ined automatically using
the PI-10 ECG Analysis Program (Fukuda Denshi). The pro-
gram calculated the QT interval duration from the beginning
of QRS to the end of the T wave, The Q'f interval durallnn
was corrected [or heart rate by caleulating QTe g (o
Bazett's equation (/)

QTe= QT interval duration [ms)/(60/heart rate)"?

The baPWV was measured in the supine position after at
least S min of rest using a volume-plethysmographic appam-
tus (Form PWV/ABI; Colin, Komaki, Japan), as described
previously (/9). Briefly, cuffs to measure baPWV were
wrapped on both brachia and ankles. PWYV at the brachia and
ankles were ded using a semicond SEnsor.
Volume waveforms were stored with nmtmmllc gain analysis

and quality adjusiment. BaPWV was automatically calculated
sccording 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 1o the right upper arm, and T the time
delay from the right brachial waveform to each ankle wave-
form.

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

Relevant Factors

Al baseli inati a self-admi 1

conceming  current dmg use mcludmg mnhy-penamve
agents (e.g.. P-blocker, 1 bloc

converting enzyme inhibitor or angi rl.'ccp!urhlul:ker)

smoking, and alcohol intake was l:omplmed in advance by
each panicipant and was checked by trained interviewers ai
the screening. These variables were classified as being either
habitual or not. Blood pressure was measured three limes
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afier the subject had rested for at least $ min using a seminu-
tomatic device (BP203RVIII; Colin) based on the cuff-oscil-
lometnic principle with the subject in the sitting position. The
mean of the three measurements was used for the present
analysis. Hyperiension was defined as a systolic blood pres-
sure 2 140 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 calculaled 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, trighycer-
ides, low-density ||[ngm:ﬂcm (LDL})- and high-density hpcr
protein (HDL)-cholesterol ions were d

enzymatically. Fasting blood glucose levels were mensured

by the gl idase method. Hemoglobin A lc levels were
m:ﬂsurui by hlﬂ'l—pu’ e liquid ch graphy. Dys-
was defined as total cholesterol 235,68 mmol/L,

LDHholmol 24.13 mmol/L, HDL-cholesterol <1.03
mmol/L, triglycerides 2 1.69 mmol/L, or current use of hipid-
lowering agents. Diabetes was defined according to the crite-
ria recommended by the American Dinbetes Association (20),
in addition to a medical history of dinbetes. Obesity was
defined as BMI 225.0 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 towml 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 calculaied
using covariance analysis and compared using multiple
regression models, Multivariate-adjusted mean values of QTc
in the four baPWV groups were estimated using multiple

gr Jels includ ngc, gender, hype-numun' ECG
b lities, dyslipid besity. serum calcium
and potassium Icw:ls. nIcohuI intake, and habitual smoking.
Comparisons of the relationships of baPWV with QTc among
subgroups were carried out by adding an inferaction lerm to

Hean rale-corrected QT imberval durstion (ma)
&
»

Qi Q1 Q L
Brackml-ankle pubse wave velocty quartiles

Fig. 1. Age-adiusied mean values of heart rate-corrected
OT interval duration according 1o quartiles of brachial-ankle
pulse wave velocity levels for men (solid circles) and women
fsolid boxes). For men, the quartile groups were defined by
baPWV values of less than 1,369, 1,370 to 1,560, 1.56) 1o
1.840, and 1,841 or greater; and for women, by baPWV of
less than 1,269, 1,270 to 1,493, |.494 10 1.821. and [.822 or
greater. The centers of the circles or boxes are ploced ar the
estimates of mean values, Vertical lines represent SEM for
mean valpes. *p<0.0] vs. the lowest guariile group

p=<0.000! for trend in both men and women,

Resuits

The mean value of QTe was 401.7 ms (SD, 21.5; range,
328.0-494.0) for men and 411.7 ms for women (SD, 23.3;
range, 295,0-554.0). Bascline charncteristics of male and
female participants according to quartile groups defined by
baPWV are shown in Tables | 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 o 1,840, and 1,841 or
greater cm/s; and for women, by baPWV of less than 1,269,
1,270 10 1,493, 1,494 10 1,821, and 1,822 or greater cm/s. The
subjects with higher baPWV levels were wg‘nlﬁcaully older.
The freq of hypertension, dysli obe-
sity, and alcohol intake increased wﬂh rising baPWV levels,
while an inverse association was observed for the frequency

the stausucul models. p values less than 0.05 were dered
lly significant. St I 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.

of habitual smoking.

Figure | shows the age-adjusted mean values of QTc
according 10 quartiles of the baPWV levels by sex. The age-
adjusted mean values of QTc lincarly increased with nising
baPWV levels for men and women: for men, 396.7, 401.4,
403.2, and 405.6 ms for the 15t 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 Ist to 4th quartile groups. respectively
(p<0.0001 for trend), When the Friedrich formula was used
for estimation of QTe, similar associations were observed
between baPWV snd QTc in both men and women

.41.
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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 Veloeity Quartiles and Relevant Factors

Quartiles of brachial-ankle pulse wave velocity p for
p forrend :
Ql Q2 m 04 homogencity
Hypertension
No (n=1,618) 4024109 405.8+0.9 408813 410.8£1.9 <0.0001 0.43
Yos (n=1,048) 402.8+3.9 408.8%2.0 409.7¢13 4]28+12 0.01
Dryslipidenia
No (n=1,202) 403.1%1.4 4059413 410,014 408.6x1.8 0.03 014
Yes (n=1,464) 4013£1.4 407.0x12 408.841.1 4145412 <0.0001
Diabeies
No (n=2,243) 4024%1.0 406,409 408.7+0.9 411912 =0.0001 0.39
Yes (n=423) 404, 1£3.8 407.622.7 4§1.7£22 412919 0.06
Obesity
No (n=1,938) 402.7x1.1 406.4%1.0 408.7£1.0 411212 =0.0001 0.19
Yos (n=T2E) 401.7£2.0 406.9£1.7 410.5x1.6 4148518 < 0.0001
ECG abnormalities
No (n=2,196) 4022%1.0 405.820.9 4091209 411812 < (L0001 0.43
Yes (n=470) 402.3+3.7 411.1+29 410.6£2.3 413.7£2.1 0.04
Alcohol intake
No (n=1,504) 4043%1.4 408.11£1.2 4106212 413,613 <0.000] 0,34
Yos (n=1,162) 399.8x1.4 404,41 1.3 407.6£1.3 410.9£1.6 <0,0001
Habinsal smoking
No (n=2,068) 403.9£1.2 4072%1.0 409.7£1.0 4]3.7x1.1 <0.0001 021
Yes (n=598) 397.2£1.6 4041217 408.111.8 407.5£23 0.0003

Valucs arc sge- and sex-adjusted meanstSEM,

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

Quartiles of brachinl-ankle pulse wave velocity

Number of relevant factors for trend
1 of relevant factors o oy @ o p for
0= (#=903) 4060 1.6 404011 4 408.121.4 4116217 0.001
2-3 (n=1313) 4025214 404.8+13 4094+13 4104115 0.003
4-7 (n=430) 4074123 407.7£2.2 413.9£22 4135124 0.02
Values are age- and sex-adjusted means:SEM. Rel factors: hyp dyslipid diabetes, obesity, ECG ab lities

aleohol intake, and habitual smoking.

(p=<0.0001 for trend in both sexes). In the following analyses,
male and female were combined ¢ the rela-
lionships of baPWV to QTc were comparable between men
and women.

Table 3 shows the age- and sex-adjusted mean values of
QTe according o quartiles of the baPWV levels for sub-
groups of participants defined on the basis of the presence or
absence of hyperiension, dyslipidemia, diabeles, 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 intersctions in the relationships of baPWV with
QTet subgroups defined by every other relevant fac-
tor (all p values for interaction >0.05). There were also com-

parable relationships of baPWV with QTc between
participants who were and were not taking antihyperiensive
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], 2-
3, and 4-7,

Figure 2 shows the multivariate-ndjusted mean values of
QTe 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,
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Brachial-ankle pulse wave velocity quartila

Fig. 2. Multivarigie-odinsted mean values of heart rute—cor-
rected QT interval duration according to quartiles of bra-
chial-ankle pulse wave velocity levels. The centers of the
baxes are placed at the estimates of mean values. Other con-
ventions are the some as in Fig. |. Mean values and p values

between carotid intima media thickness and QT miterval dura-
tion in 1,199 clinically hcal!hy subjects (1/). These observa-
tional data support our hypothesis that subcl | arterial
disease is associated with QT interval prolongation.

It is well known that the QT interval is affected by heart
rate ( /8, 22). In order 10 | for the confounding effects of
heart rate, we used QTe, which was estimaled by Bazet’s for-
mula, and found significant associations between baPWV and
QTe. When the Friednich formula was used for estimation of
QTe instead of Bazett’s formula, stmilar associntions were
observed. We also investigated the iation ¢
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-
icanily associated with QT interval duration and this associa-
tion is independent of the effects of heart rate.

The mechanism underlying the association between sub-

linical anterial di and the ired form of QT interval
prolongation has not been clearly defined. Subclinical anerial

are adjusted for age, sex, hyper ECG abnot
dyslipidemia, diabetes mellitus, obeity, 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. aleohol intake, and
smoking habits (p<0.000] for trend).

Discussion

To our knowledge, this is the first study to sddress the associ-
ations between baPWV and QTe in u gcnmi population with-

di and subsequent arterial stiffness may increase ventri-
cular load and, as » consequence, may promole 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 1s that we have no information
on subjects with itnl fong QT syndh H . the
prevalence of the congenital long QT syndrome has been
reported o be less than 0.1% (26). Furthermore, in our sub-
jects the relationship between baPWV and QTc¢ was strong

oul preexisting cardi I In the p
onalysis, 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 nsk factors, suggesting an inde-
pendent relationship between subelinical arterisl disease (ath-
erosclerosis) and QT interval prolongation.

In the present study, there were strong and continuous rela-
tionships between QTe and baPWV, which has been shown to
be a functional marker for subclnical stherosclerotic disense
in central and peripheral arteries (16, 27). Ours is the larges!
study to have investigated the iation between subclinical
arterial disease and QT interval prolongation, but there have
been a few other cross-sectional studies addressing this ques-
tion using other structural markers of subelinical arterial dis-
ease (/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 & ¢lose association between
carotid atherosclerosis and QT interval prolongation (f0).
The Salzburg Atherosclerosis Prevention Program i Subjects
at High Individual Risk also showed a positive correlation

and e even ofter excluding participamts 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 QTc is limited.
This fact made it difficult for us 1o conduct longitudinal anal-
ysis.

In conclusion, we found close associations between
baPWYV and QTec for men and women without histories of
cardiovascular disease. These associations were independent
of hyper ECG ab lities, dyslipid diabet
obesity, alcohol intake, and smoking hnb]ls Thus, subclinical
arterial disease appears to conmbur.e to the pathogenesis of
QT interval prol ion. Future | dinal studies are nec-
essary to clrml’y the causal relationship berween subclinical
anierial disease and QT mterval prolongation.
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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 esiablished 3 cohons 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 13-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 ol 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% C1 2,17 to 4.86) in the first cohort to 1.83 (1.29 1o 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 wreatrment of hypertension and metabolic disorders. (Circulation. 2008;118:2672-2678.)

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

troke confinues 0 be a major public health concern

worldwide. In Japan, it is the third leading cause of death
and @ major neurological cause of long-term disability.' The
increase in the elderly populaton 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 reported 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 19605 and

1970s as a result of hypertension control, but this declining
wend was slowed in the late 1980s and 1990s, probably
because of an increase in metabolic disorders.®

Clinical Perspective p 2678

Because the pathog prognosis, and differ
among ischemic stroke subtypes,*!? the evaluation of tempo-
ral trends in the incidence of and risk factors for 1schemic
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.1-1
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.*'+-'* 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 study, 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 throughour the study
period. These characteristics of the study design enabled us to
examine secular trends in e incidence of and risk factors for
ischemic stroke subtypes. We previously reported the steadily
declining incidence of lacunar infarction (LAL) using 12-year
follow-up data of the first 3 cohorts.!” In this article, we
extend the follow-up period of these cohoits to |3 years and
compare the impact of cardiovascular risk factors on the
incidence of ischemic stro<e subtypes.

Methods
Study Population

Ischemic Stroke Subtypes and Risk Factors 2673

measured with subjects in light clothing without shoes, and obesity
was defined as body mass index =250 kg/m’. Information on
antihypenensive weatment, alcohol intake, and smoking habits was
obtained with the use of a swndardized questionnaire and was
categorized as current habitual use or not. Current drinking wus also
cutegorized as light (1 10 33 g/d) or heavy (=34 g/d) drinking
according to daily ethanol inuke.

Definition of Ischemic Stroke Subtypes
Stroke was defined as a sudden onset of nonconvulsive and focal
neamlogical deficit that persisted for >24 hours and was classified
as ischemic stroke, cerebral hemorrhage, subarachnoid hemorhage,
or undetermined type.* The disgnoses of ischemic stroke subtypes
were made on the busis of the Classification of Cerebrovascular
Disease 111 proposed by the National Institute of Neurological
Disorders and Stroke.'' ns well as on the bawis of the diagnostic
criterin of the Trial of Org 10172 in Acute Stroke Treatment
(TOAST) study'? and Cercbral Embaolism Ta!ll Force, 1 We class:-
fied ischemic stroke subtypes into 4 LAl
botic inf: (ATI), cardi bolic infarction (CEl), and undeter-
mined sublype. Details of the diagnostic eriteria of ischemic swroke
sublypes have been published previously.'® Briefly, LAl was diug-
nmed as the presence of a relevant brain stem or subcortical
¥ ic lesion with a diameter of <15 cm demaonstrated on

Thc Hlsaynml smdy. iological study of ascular
was blished in 1961 in Hisayama Town,
& suburban commumity nd to Fukuoka City, & politan area
on Kyushu Island in southern Japan, The population of the town was
K000 in 2007, and full conmunily surveys of the residents have
been repeated since 196 1. The study design and characteristics of the
subject population have beem described in detail elsewhere.'*-'®
Briefly, we established 4 study cohorts from Hisayama residents
=40 years of age in 1961, 1974, 1988, und 2002 after screening
examinations. Tn 1961, a totel of 1658 subjects in that age group
consented 1o pariicipate in the screening examination (participation
rate 90,1%). After the exclusion of subjects with a history of stroke
or myocardial infurction und subjects who died or moved out of tlown
during the ination, 1618 subjects were lled as the first
cobort. Similarly, after exclud ng subjects with a history of stroke or
myocardial infarction, we estehlished a second cohort consisting of
2038 subjects from 2135 participants (participation rate 81.2%) in
1974, a third cohort of 2637 subjects from 2742 participants
(participation rate 80.9%) in 1988, and & fourth cohort of 3123
subjects from 3328 participants (participation rate 77.6%) in 2002,
The health status of these cohort populations was followed up every
year by 1 health imations or by mail or relephone for any
subjects who did not undergo & regular i or who moved
oul of town. Only 2 subjects in the first cohon, 2 in the second
cohort, and | In the third zohort were lost 1o follow-up. The
development of cardiovascular diseases In the swdy populations was
nlso checked by a daily Moring system organized by the study
team, local physicians, and members of the local health and welfare
office, When the subjects died, sutopsy examinations were per-
formed at the Depaniment of Pathology, Kyushu University.

Measurement of Cardiovascular Risk Factors

Details of the measurement of cardiovascular risk factors in each
cohort were published previcusly %4='% In tmef blood pressures
were measured 3 times with subjects in a ition in 1961
and in & sitting position in 1974, 1988, and 2002, and hypertension
wits defined as a mean systolic blood pressure =140 mm Hg, a mean
diastolic blood pressure =90 mm Hg, or current use of antihyper-
tensive agents, Glucose intolerance was defined by an oral glucose
tolerance test in subjects with glycmun.: in 1961, by fasting and
postprandial glucose concentrations in 1974, and by a 75-g oral
glucose tolerance test in 1988 and 2002, in addition w medical
history of diabetes. Serum chelesterol levels were measured by the
Zak-Henly method with the modification by Yoshikaws in 1961, by
the Zurkowski method in 1974, and by the enzymatic method in
1988 and 2002. Hypercholesternlemia was defined as total choles-
terol =37 mmol/L (220 mgidL). Body height and weight were

brain imaging or autopsy snd no evidence of cerebral cortical or
cerebellar impainment. ATI was diagnosed when the subject had
significant is (=50%) or occlusion of & mujor cerebral artery
with infarct size = 1.5 cm on brain imaging or . The d

of CEl was made on the basis of primary and s-t:wodnry elinical
features suggestive of CEl as reporied by the Cerebral Embolism
Tusk Force.'> The category of und ined siroke included all
ischemic stroke cases Tor which the subtype could not be determined
because of insufficient clinical or morphological information. We
considered morphological findings significant and vsed clinical
f S i :

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 cohort (76 cases of LAl 29 of AT, 34 of CEl, and 3 of
undetermined subtype), ond in 154 subjects in the third cobort (74
cases of LAL 42 of AT1, 38 of CEL and (l of undetermined subtype).
Among these, hological by aulopsy or brain
imaging were perl'wmnl on 90.3% (autopsy rate 90.3%) in the first
cohon, 97.2% (autopsy rate 87.5%) in the second cohorl, und
100.0% (autopsy rate 72.4%) in the third cohort.

Statistical Analysis

The prevalences of possible risk {actors were adjusted for age by the
direct method and were examined for trends across cohorts by the
Cochrun-Mantel-Hocnszel y° 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
maodel. The incidences of first-ever ischemic stroke and its subtypes
were calculated by the person-year method with adjustment for age
bylh:diru:l hod. The world dard popul was used as 2
lation. The nge-adjusted incid umong the first 3
cohorts were compared wnh 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 proportional hazards
model in each cohort, and the population attributable risk fraction of
each risk factor was calculated.

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

The authors had full access to the data and take full responsibility
for ity integrity. All authors have read and agree to the manuscripl as
writlen.
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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 Women

1961 1674 1988 2002 Plar 16861 1974 1988 2002 P ior
Vanables (=705) (n=855) =110 (n=1315 Trend (n=813) (n=1183) (n=1527) (n=1B0E) Trend
Age, y 55=11 56=11 5T£12 60212 <0001  S7T£12  5B+12 58212 82413 <0001
Hypertension, % 384 41 4.1 420 0.25 359 400 Bia I3 <<0.001
Antitypertensive agents, % 20 B4 132 182 <0.001 21 74 134 16.6 <0.001
Systolic BP, mm Hg* 162=18 157=18 151=18 146=18 <0001 163z18 161218 154219 149219 <0.001
Diagtolic BP, mm Hg* n=n 90=11 871 8811 om RS L ES] 83=1 86211 <pom
Glucose Intolerance, % 1.6 141 393 545 <0.001 48 18 0.0 365 <0.001
Obesity, % 70 ne 241 293 <0.001 128 218 238 240 <0.001
Body mass index, kg/m* 213228 1.7x28 228x28 235:28 <0001 21.7x34 225x33 229=33 229+34 <000
Hypercholesteroiemia, % 28 122 289 258 <0.001 6.6 199 416 418 <0.001
Total cholesterol, mmob/L 38=09 4709 5109 S1z08 <000 42=10 50=1.0 55=1.0 54=10 <0.000
Arial fibriliation, % o7 18 16 11 0.84 0s 04 09 0.6 0.55
Current smoking, % 75.0 733 504 46.9 <0.001 16.6 102 6.8 L5 <0.001
Current drinking, % 69.6 63.8 615 ny 0.043 B3 57 a5 201 <0.001
Light drinking, % 434 na 25 7 B2 55 80 m
Heavy drinking, % 26.3 ne 320 0 01 02 15 20

BF indicates biood pressure. Hypertension was defined as systolic BF =140 mm Hg or diastolic BF =90 mm Hg or current use of antihypertensive agents.
was definec as total cholesterol lovel =5.7 mmol/L (220 mg/dL), Obesity was defined as body mass index =25.0 kg/m’. Current drinking was
divided Into light (1 to 33 g) and heavy (=34 g) drinking according to dally ethanol intake
“Mean systohc and diastolic BPs among hyperlensive sublects in each examination,

Results

Trends in Cardiovascular Risk Factors

We compared the age-adjusted prevalence of cardiov
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
uge-adjusted prevalence of hypertension was stable at ~40%
in men (P for trend=0.25) and decreased significantly in
women (P for trend <0.001), whereas the proportion of
individuals using antihypertensive agents increased consis-
tently with time in both men aund women. As a result,
age-adjusted mean blood pressures among hyperteasive men
and women decreased significantly throughout the study
period. In contrast, the age-adjusted prevalence of glucose
intolerance and obesity mcreased greatly over the study
period for both sexes. Mors than half of men and one third of
women had glucose intolerance in 2002. The age-adjusted
prevalence of hypercholeswerolemia 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 thun 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

'l

Trends in Incidence of Ischemic Stroke Subtypes

We then compared the age-adjusted incidence of ischemic
stroke using the results of a 13-year follow-up in the first 3
cohorts ( Ist, 2nd. and 3rd cohort). The age-adjusted incidence
of ischemic stroke declined significantly for both sexes
throughout the cohorts: It sigmificantly 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 o
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% from the
second 1o the third cohort (P for end <0.001). The age-
adjusted incidence of LAl for women also declined by 25%
from the first to the second cohort, and it continued to decline
by 17% from the second to the third cohont (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 propoitions ol ischemic stoke sublypes wmong the cohorts
are shown by sex in the Figure. For men, the proporton of
subjects with LAl decreased steadily from the first to the third
cohort, whereas the proportions with ATI and CEl 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 cohort, hypertension was a powerful risk factor for
ischemic stroke (age- and sex-adjusted HR 3.25,95% CI12.17
to 4.86) and largely contributed to its occurrence (population
attributable risk fraction 51%), The impact of hypertension
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
15t Cohort 2nd Cohort 3rd Cohort Por 15t Cohort 2nd Cohor 3rd Cobort P o
(7456 FY) (8655 PY) 12 333 PY) Trend {10 294 PY) (13 762 PY) {17 953 PY) Trend
Ischemic stroke
Ho. of events 72 70 70 62 72 84
Incidence rale B.73 544 385 <0.001 4.28 3.06 257 =0,001
LAl
No. of events 48 3 30 B 42 44
Incidence rate 568 259 1.59 <0.001 241 1.51 1.50 0.003
AT
o. of events 14 14 bl 14 15 20
Incidence rate 1.88 1.03 1.23 027 0.96 081 0.54 0.084
CEl
No. of events 9 i | 18 8 13 20
Incigence rate 1.08 174 1.03 0.43 0.58 0.56 053 0.86
Undatermined subtype
No. of events 1 1 0 5 2 o
Incidenca rate 0.09 0.08 0.00 020 0.33 0.08 0.00 0.004

PY indicates person-years

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% C1 1.29 to 2.58, population
attributable risk fraction 30%). Glucose intolerance was also
a significant risk factor for ischemic stroke in the first cohort.
The effect of glucose intolerance on the occurrence of
ischemic stroke was reduced and was not significant in the
second cohort, but it appeared to be a significant risk factor in
the third cohort, The populution attributable risk fraction for
glucose intolerance decreased from 13% in the first cohort 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 cohort, and its population
attributable risk fraction was increased gradually from 6% in
the first cohort to 9% in the third cohort. Hypercholesterol-

emia, smoking habits, and aleohol 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 nsk factor for ischemic stroke, and its
HR decreased from 2.92 (95% CI 1,93 to 4.41) in the first
cohort to 1.71 (95% C1 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% CT 1.23 to 2.95) but was
not significant in the third cohort (HR 1.28, 95% CI 0.93 w0
1.78). Obesity was not a significant risk factor in any of the
coborts after adjustment for other nisk factors. We mied 10
investigate the effect of cardiovascular risk factors on ischemic
stroke subtypes, but we could not find relisble evidence of an
effect of these risk factors on the development of each subtype,
probably because of the small number of events,

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 Cohorls of the Hisayama Study

18t Cohort 2nd Cohort 3rd Cohort
HA (85% O P PAF HR @5% O P PAF HR (95% Ci) P PAF
Hyperiension 3.25 (2.17-4.85) <0,001 0.51 3.08 (2.06-4.65) <0.001 053 1.83 (1.20-2.58) <0.001 0.30
Glucose Intolerance 245 (1.80-3.74) <0.001 013 1.38 (0.87-2.17) 017 004 1.41 (1L.02-1.84) 0.036 013
Obesity 1.83(1.12-3.00) 007 0.06 1.63 (1.04-2.57) 0.034 0.07 1.54 (1.07-2.21) 0.021 0.08
Hypercholesterlemia 1.07 (0.50-2.29) 0.87 0.00 1.42 (0.95-2.12) 0.085 0.07 0.96 (0.68-1.35) 0.80 -0.02
Current smoker 1.27 (0.85-1.90) 0.24 0.10 0.83 {0.55-1.24) 0.36 -0.08 1.33 (0.89-1.98) 0.16 0.07
Current drinker 0.29 (0.65-1.51) 0.84 -0.01 1.45 (0.96-2.19) 0.081 0.12 1.09 {0.72-1.64) 0.70 0.02

PAF indicates the kation aftributabie nsk fracton,

Discussion
By comparing the incidence of ischemic stroke subtypes
umong 3 cohorts established at different times in a Japanese
community, we demonstrated that the incidence of LAI
declined significantly from the first to the third cohort r‘or

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 westernization of the
Jupnnwe lifestyle. When we examined the impact of these

disorders on the development of ischemic stroke,

both sexes, whereas the incidence of ATI and CEI
stable. During the study peniod. blood pressure levels among
hypertensive 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 du.mdcrs. numely. obesity, glucose intolerance,
sndu; perchol 1 steeply with time. These
ch in ar risk factors might affect the inci-
dcnce of ischemic stroke and its subtypes.

Hypertension is the most powerful risk factor for ischemic
stroke.” In the first cohort, hypertension contributed o ap-
proximately half of the occurrence of ischemic stroke. Dnnng
the study period, the nge-adjusted pre: of hyp
declined in women, and the proportion of all participants
receiving hypertensive treatment increased steeply in both
sexes. This improvement of hypertension control resulted in
decrease in age-adjusted mean systolic blood pressure level
of 14 mm Hg among hypertensive subjects in both sexes.
Because of this improved conirol of hypertension, the impact
of the disease on the development of ischemic stroke was
seen o weaken in the third cohort. The Framingham Swdy
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 participunts receiving
treatment for hypertension improved significantly, These

Jucti in the incids of ischemic stroke and improve-
ments in treatment for hypertension were similur 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 berter management of
hypertension might have made the biggest contribution to the
declining trend in the incidence of i ic stroke, especially
of LAI; however, hypertension was still a significant risk
factor in the third cohort and had a large attributable risk
fraction for ischemic stroke. Because half of the hypertensive
subjects did not undergo t for hyp ion in the
third cohort, there is a need for greater primary prevention
efforts to improve the of hyper

i uls

glucose intolerance was a significant risk factor in the first
and the third cohort, 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, obesity is
closely related 1o other cardiovascular risk factors and jointly
increases the risk of ischemic stroke.'® Our previous study
also showed that the sccumulation 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 hypertension and
the worsening of metabolic disorders cancelled each other out
and resulted in the slowdown of the declining trend of the
incidence of LAl and the sustained incidence of ATL

Smoking is a widely accepted risk factor for ischemic
stroke in Western pop but this relationship is contro-
versial for Japanese.'™*' 2 In the present study cohorts, the
declining prevalence of smoking habits closely mirrored the
declining trend in the incidence of ischemic stroke; however,
smoking habits had linle 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 mod
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 ¢ L, elderly people, a high-risk
group for ischemic stroke, conunued o mainiain 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 to be seen in
the future.

LAT 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 sustained 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 pattern of schemic stroke subtypes differed
from that of Western popu_ations. 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 regis-ration study in an urban area® and
a study of 16992 patients with acute ischemic stroke from
rural arcas in Japan®* also showed a higher prevalence of LAl
than of other subtypes. One possible explanation for this is the
racial difference in the genetic susceptibility of LAI We recently
found 2 susceptibility genes for ischemic stroke, PRKCH and
AGTRLI, in a genome-wide association study. 27 A single-nu-
cleotide polymorphism in the PRKCH gene increased the risk of
LAL but this single-nucleotide polymorphism is specific 10
Asian populations >
The present study has several limi First, the b

of events of subtypes other than LAI was relatively small, and
therefore, the power to 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
coharts. Indeed, 916 of the subjects in the first cohort also
accounted for 45% of the population of the second cohort. 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 cverlapping subjects as in any life
table analysis, establishirg every cohont after excluding
subjects with prior stroke or myocardial infarction at baseline.
Therefore, these overlappirg populations were not considered
tor distort the incidence trends in the present study. Third, the
measurement of blood glucose and the criteria for glucose
intolerance were different among the cohorts, which suggests
an und imation of the pre of glucose intolerance
in the former cohors, Nevertheless, the rapid changes in
other risk factors in the present study are in accordance with
the results of the Nutiomal Mutritional 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 diagnostic imaging tests increased over time. Echo-
cardiography and carotid scanning were rurely performed in
the former cohorts (3.05% and 0% in the first cohort, 29.6%
and 4.2% in the second codort, and 61.7% and 27.3% in the
third cohort, respectively). Therefore, it is possible that the
rends in the incidence of ATl und CEl were less accurate
than the trends for LAL Nonetheless, we believe that the
findings of the present swdy 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 difierent
times in a Japanese community, we demonstrated that the
incidence of LAI declined significantly from the 1960s to the
lute 1990s, but LAT 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
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declining trend. 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, purticularly with re-
spect to hypertension and metabolic disorders.
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CLINICAL PERSPECTIVE

Stroke continues to be 3 major public health concern worldwide. Several epidemiological studies have repored that the
declining or stable incidence of stroke is most often attributed to 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 Jupanese 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 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.
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 1o hypertension and metabolic disorders.
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Impact of Kidney Disease and Blood Pressure on the
Development of Cardiovascular Disease
An Overview From the Japan Arteriosclerosis Longitudinal Study

Toshiharu Ninomiya, MD, PhD; Yutaka Kiyohara, MD, PhD; Yosuke Tokuda, MS:
Yasufumi Doi, MD, PhD; Hisatomi Arima, MD, PhD; Akiko Harada, PhD:
Yasuo Ohashi, PhD; Hirotsugu Ueshima, MD, PhD;
for the Japan Arteriosclerosis Longitudinal Study Group

Background—Kidney disease is associated with an increased risk of cardiovascular disease (CVD); however, there have
been few well-designed prospective studies of this issue in Asian populations. Recent epidemiological studies have
suggested that a lower blood pressure level may be associated with an increased risk of CVD in individuals with kidney
dysfunction.

Methods and Results—Using data from 10 ity-based cohort studies in Japan, we conducted follow-up on a total
of 30 657 individuals 40 to 89 years of age withoul preexisting CVD or kidney fuilure and examined the relationship
between reduced glomerular filtration rate (GFR) and the risk of CVD. During an average 7.4-year follow-up, 727
individuals experienced CVD. The age- and sex-adjusted incidence of CVD increased significantly in subjects with GFR
of 60 to 89 mL - min™" - 1.73 m™* (4.3 per 1000 person-years, P=0.002) and in those with a GFR <60 mL - min~' -
1.73 m 2 (6.5, P<0.001) compared with those with 8 GFR =90 mL - min~" « 1.73 m ™ (2.9). Even after adjustment for
potential confounding factors, subjects with a GFR <60 mL - min~' - 1.73 m™* had a 57% (95% CI 14% 1o 115%)
greater risk of CVD than those with a GFR =90 mL - min~" « 1.73 m %, The multivariate-adjusted hazard ratios of CVD
increased in & log-linear manner with elevations in blood pressure levels, regardless of GFR levels (all P for trend
<0.01).

Conclusions—Our findings suggest that a reduced GFR is a significam risk factor for CVD in the general Japanese
population. Additionally, a log-linear association of blood pressure level with CVD risk was observed, without evidence
of & J-curve association, regardless of GFR levels. (Circulation. 2008;118:2694-2701,)

Key Words: cardiovascular diseases m blood pressure m kidney m meta-analysis

idney disease is increasingly being recognized as a

leading public health issue. Chronic kidney disease,
most commonly defined by a reduction in glomerular filtra-
tion rate (GFR) or the presence of proteinuria, affects 10% to
15% of the adult population in Western countries' and is
associated with an increased nisk of cardiovascular disease
(CVD)**; however, there have been few well-designed large
prospective studies in general Asian communities to date,-*

Clinical Perspective p 2701

Blood pressure is an important determinant of the risk of
CVD in the general population,”'® in which it has been well
tablished that for high blood pressure prevents
CVD." Blood pressure is commonly elevated in individualy

with a reduced GFR,** which suggests that lowering blood
pressure may offer significant benefits in this population,
Recent prospective cohort studies, however, have reported
that the risk of stroke or death for individuals with a reduced
GFR is greater among those with systolic blood pressure
levels below 120 mm Hg than among those with higher
levels.'*"* These datn have raised concerns that lowering
blood pressure may provide less benefit than previously
believed, or may even be hazardous. in individuals with
kidney dysfunction.

In the present report, we discuss the results of a pooling
analysis from the Japan Aneriosclerosis Longitudinal Study—
Existing Cohorts Combine (JALS-ECC), which is an over-
view of individual participant data from 21 community-based
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longitudinal obser in Japan, ' Our aims were
to assess the impact of a reduction in GFR on the develop-
ment of CVD in the general population and to examine the
association of blood pressure with the risk of CVD in
individuals with a reduced GFR.

Methods

Study Population

The mtionale, study design, and methods of the JALS-ECC have
been described elsewhere.™ In brief, cohont studies were eligible for
inclusion in this project if they satisfied the following eritena: (1)
Japanese population; (2) prospective cohort study: (3) at least 3000
person-years of follow-up; (4) date of birth, sex, height, weight,
blood pressure, and serum total chol | ded at baseline, and
(5) date of death or the age at death recorded during a follow-up.
Quality control of the collected cohort data were performed at the
JALS Coordinating Center. The individual records of 66 691 partic-
ipants in 21 cohort studies were included in the pr:scn: project. with
82.7% of the participants from 17 y-based cohorts and
17.3% from 4 wok-site—based cohorts, Permission to submit each
collection of cohort data to the JALS Coordinating Center was
obtained from the relevant institutional review boards for ethical
issues.

Of the 21 cohort studies, 11 cohorts were excluded from the
present analysis for the following reasons: 4 were work-site- based
cohorts, 3 did not include creatinine data, 3 lacked many values for
relevant varinbles, and 1 included no event data for cither stroke or

dial infarction. From the i 10 eohorts, we excluded
pnmclpnnu less than 40 years of gt and those 90 years of age or
older, those with ilable ex ion dats a1 baseline or un-
available event data, those with a history of CVD, and those with an
estimated GFR <15 mL - min~' - 1.73 m% For the analysis
regarding CVD and stroke, the Niigata cohort was excluded, because
information on stroke events was unavailable. A final woal of 23 033
participants were enrolled in the CVD analysis, 23 084 in the stroke
analysis, 30 657 in the myocardial infarction analysis. and 31 374 in
the all-cause death analysis. The age foll p period was 7.4
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classified according to the International Classification of Diseases,
9th Revision (ICD-9). All events were recoded by coordinating
center staff bers. CVD was defined as the develop of either
mkc or myocardial infarction. Stroke was defined as an scute

t of focal logical function with symptoms that lasted
=24 hours or death caused hy a stroke event (ICD-9 codes 430, 431,
433, 434, or 436). Myocardial infarction included both fatal and
nonfatal myocardial infarction. which was diagnosed by use of an
nppmpﬂm clinical history supp 1 by BCG changes and/or

ions of cardiac enzy or other biochemical markers of
myocardial injury (ICD-9 410). Only the first event of the relevam
outcome type was incloded in each analysis.

Statistical Analysis
The SAS software package for Windows, release 9.13 (SAS losti-
tute, Inc, Cary, NC) was used to perform all statistical analyses. The
incidence rate of cach outcome for the GFR subgroups was calcu-
lated by the person-year method and adjusted for the age and sex
distribution of the overall population enrolled in the CVD analysis by
the direct method, in which the ps and study population were
subdivided into the same set of age groups (defined by decade) and
the age- and sex-specific incldence rates were caleulated within each
subgroup.' The hazard ratios (HRs) and their 95% Cls for the
development of events were estimated with the Cox proportional
hazards regression model. The cohort effect was adjusted as a fixed
effect by taking the study as o stratn varinble, assuming only
proportional hazards within each study and not between studies. '™
Heterogeneity across cohorts was examined with the Cochran Q test
and the I° statistic.'* The risks of events according to blood pressure
lwe!s were :Jso estimated with the Cox regression model. Trends in
levels and the risk of events
were assessed by finting models with a linear term for blood pressure
categories according to kidney function status, and the heterogeneity
of these relationships between kidney function staws subgroups was
estimated by the addition of an interaction term of a linear term for
blood pressure levels and kidney function status to the relevant
model. P<0.05 was considered staistically significanmt in all
analyses,

The authors had full access to and take full responsibility for the
integrity of the data. All authors have read and agree lo the

Results

years.
manuscript as written,
Risk Factors
The JALS Coordi g Center req | individual participant ul.nln
from the collaborating | igators, Serum inine was The ch

istics of the 10 cohorts examined in the present

by Jaffe's method in 8 cohorts, by the enzymatic method in | cohort,
and by both methods in | cohert. Serum creatinine values measured
by the enzymatic method were corrected for Japanese subjects by the
addition of 18.3 pmol/L.'* GFR was estimated with the 4—\mnahll:

study are shown in Table |, Among all subjects, the mean age
was 57.6 years, and the proportion of men was 38.0%. The
mean value of serum creatinine was 78.6 umol/L, and the
frequency of GFR <60 mL - min™' - 1.73 m™ was 8.2%.

Modification of Diet in Renal Disease study equation.’ In

with the National Kidney Foundation Kidney Disease Outcomes
Quality Initistive guidelines,'> GFR levels were classified in the
following ranges: =90, 60 to 89, and <60 mL - min 73w
Blood p was d by a i in
all cohorts, Mean values were used in several cohum that measured
2 or more blood pressure values, Blood pressure levels at baseline
were classified into 4 categones (normal, prehypertension, stage |
hypertension, and stage 2 hypertension) sccording to the eriteria of
the seventh report of the Jaint National Committee on the Preven-
tion, Detection, Evaluation, and T of High Blood Pressure.!?
Diabetes was defined as a fasting blood glucose level of
27,0 mmolL, & casual blood glucose level of =11.1 mmolL,
current use of insulin or oral medication for dinbetes, and/or a history
of digbetes, Serum total cholesterol was determined cn:.y'miu:nlly
Information on smoking habit was obtained th a
questionnaire and classified as current habitual use ur lack thereof.

End Points

In each cohort, vilal status and the development of CVD were
ascertnined during follow-up by use of death cerificates, hospital
medical records. and/or questionnaire surveys. All outcomes were

Downloaded from circ.ahaj

During the average follow-up period of 7.4 years, a total of
727 subjects experienced CVD, 592 had strokes, 180 had
myocardial infarctions, and a total of 2104 died.

Table 2 shows the baseline characteristics of the 23 033
subjects enrolled in the CVD analysis by sex. Their mean
ages were 56.9 years for men and 58.2 years for women, and
the frequency of GFR <60 mL - min '+ 1.73 m * was 5.2%
for men and 10.1% for women. The frequencies of normal
blood pr , prehyp stage | hypertension, and
stage 2 hypertension were 19.6%, 41.8%, 26.0%, and 12.6%
for men and 24.3%, 41.0%, 24.3%, und 10.4% for women,
respectively. Similar findings were observed in subjects
earolled in the analyses of stroke, myocardial infarction, and
all-cause death,

The age- and sex-adjusted incidences of CVD and stroke
increased with declining GFR levels in the overall population
(Table 3); the differences were statistically significant be-
tween subjects with 8 GFR =90 mL - min~' - 1.73 m* and
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Table 1. Characteristics of Included Cohort Studies
Mean Mean  GFR O Mean  Meon Fasig  Mesn Told  Cunent Folow-U, ¥ o, of Eventa
Mo.of  Age.  Men  sCr, <60, SEPDBP,  Biood Gucoss, Cholestrol  Smoking
Fegions Cobort Mame  Populating ¥ S umollt % mm Hg mmoL mimoiL LY Start-fnd  Mesm V0 Stoke M1 Destn
Holoasdn TannSoudetsa 2066 601 438 LT 184 13378 51 &0 254 1991-1898 56 12 ] i 138
Kxitn 2 fawa 505 561 436 o 28 155 (1] 48 a5 1985-1899 107 “ n 3 146
Ibarnid Wyows 4N 548 @8 TE9 83 e LU S0 304 19851999 00 188 128 ST M0
Nispats Tokaenachi BaE S50 R b 1] 7 wm L) 51 L1 19932003 78 NA M 2 400
Dsaka Yag BE M0 MR BT 67 132780 60 52 n2 19051998 96 ™ 2 11} L1
Miryu- by

Stilga 1 Ghigarak b 8BE 4 83 s 13278 L] 50 x4 19922001 73 L~} L] 13 260
Hirostuma Hiroahima zmm 721 W7 M0 3B 13478 82 88 154 eax-2000 38 T3 BY 12 30
Enima D 5300 55 XNa 789 62 13076 53 53 152 19862003 55 ®| B8 o 164
Fukuoks 1 Hesayama 757 B0E 385 [ =X 95 1337 54 54 FiR] 190-2000 989 & 45 14 ]
Kumamoto . M85 470 TOO0 BS54 [T I ] 57 54 464 10002003 42 § 2 3 |
Total e 35183 578 380 786 82 1M 50 B2 u5 VRE5-2003 W W m

sCr Indicates serum creatining; SBP/DBP, systolic or diastolic biood pressure; MI, myocardial infarction; and NA, not available.

*Serum creatinine was measured by Jaffe's method in 8 cohorts, by enzymatic method in the Ehime cohort, and by either methad in the Nilgata cohor. The values
of serum creatinine measured by the enzymatic method were corrected by the addition of 18.3 umobL.

1GFR (unit: mL < min "+ 1,73 m" %) was estimated by the Madification of Diet in Renal Disease formula.

those with a GFR <90 mL - min~' - 1.73 m ™ (all P<0.01}.
Subjects with a OFR <60 mL - min '+ 1.73 m * showed &
significantly higher age- and sex-adjusted incidence of myo-
cardial infarction and all-cause morality than those with a
GFR =90 mL - min ' - 1.73 m * (P<0.001). The age-
adjusted incidences of CVD, stroke, and all-cause mortality
were significantly higher in subjects with @8 GFR <60 mL -
min~' + 1.73 m~? than in those with a GFR =90 mL - min™" -
1.73 m™* in both sexes {all P<0.05).

The risks of CVD, stroke, myocardial infarction, and
all-cause death increased progressively with declining GFR

Table 2. Baseline Characteristics of the Study Population
by Sex

Man ‘Women

Risk Factors (n=8574) (n=13 459)
Aga, y 564 (11.1) 58.2(11.4)
Serum crealinine, pmolL 8730167 71.6(13.6)
GFA, mL-min"'-1.73 m™? 87.3(20.2) 81.0(19.1)
GFR levels (mL - min~™' - 1.73 m™8, %

=90 8.0 211

60-89 55.9 628

<60 5.2 10
Systolic blood pressure, mm Hg 1336(19.1) 132.3(19.8)
Diastolic blood pressure, mm Hg 81.1 (115 779(M.0)
Blood pressure levels, %

Normal 196 243

Prehypertension a8 41.0

Stage 1 hypertension 260 243

Stage 2 hypertension 128 10.4
Diabetes, % a5 5.2
Serum lotal cholesterol, mmol/ 5.0(0.9) 5.4(1.0)
Body mass index, kg/m® 23.2(3.0) 232033

Current smoking, % 56.2 71
Values are means (SD) or frequencies.

levels in the overall population after adj for age and
sex (Table 4). Even after adjustment for potential confound-
ing factors, specifically age, sex, cohor, systolic blood
pressure, dinbetes, serum total cholesterol, body mass index,
and current smoking status, the risks of CVD, myocardial
infarction, and all-cause death were significantly higher in
subjects with a GFR <60 mL - min ' - 1,73 m™* than in the
overall population. There was no evidence of heterogeneity in
these associations among study cohorts (all P for heteroge-
neity >0.6; Q=2.46, '=0% for CVD; Q=4.06, '=0% for
stroke; Q=3.75. F=0% for myocardial infarction: and
Q=1.14, P=0% for all-cause death). Subjects with a GFR
<60 mL - min ' - 1.73 m * had a significantly greater risk of
myocardial infarction and death in men and of CVD, stroke,
and death in women.

The Figure shows the log-linear relationship berween
blood pressure levels at baseline und the hazard of CVD,
stroke, and all-cavse death regardless of Ridney function
status ulier adjusiment for poteniial confounding factors (all
P for trend <0.01). There was no evidence of heterogeneity
of the patterns in the association of blood pressure levels with
the risk of outcomes between subgroups of kidney function
status (all P for heterogeneity >0.7). The age- and sex-
adjusted HR of myocardial infarction increased in a log-linear
fashion with increasing blood p levels in the normal.
prehypertension, stage 1 hypertension, and stage 2 hyperten-
sion groups in subjects with a GFR =60 mL - min~' - 1.73
m™ (HR 0,56 [95% CI 0.33 to 0.95], 1.00 [reference], 1.60
[1.08 to 2.37], and 1.75 [1.06 to 2.87}: P for trend 0.03) and
in those with a GFR <60 mL - min™' - 1,73 m™ (0.19 [0.02
to 1.47), 1.00 [reference]. 1.72 [0.80 to 3.70], and 2.36 [1.02
o 544]; P for wend 0.04). The number of myocardial
infarctions in subjects with normal blood pressure levels was
oo small 1o assess reliably for multivariate-adjusted analysis.

We also performed sensitivity analyses to assess the risk of
CVD according to GFR levels estimated by the MDRD
formula corrected according to the Japanese coefficient of
0.881.'* The correction shifted the GFR distribution to a

Downloaded from circ ahajournals.org at KYUSHU UNIVERSITY on February 3, 2009

.54-




Ninomiya et al Kidney Disease and Cardiovascular Disease 2697
Table 3. Incidence Rate of CVD According to Kidney Function Status
Oventl Men Women

GFR Lovels, nooence Rale Incidence Rate Incitance Fats
ml - min=! Mool Mool Pl per 1000PY Mool Mool Pl per 1000 Y Mo.of  Mo.of PYat  per 1000 PY
1.RAmt Everis  ParScipanis ik &5% OF Events Puficipants  Fisk % oy Evenis  Panicipants Rish 5% C°
oo

GFR =50 105 ) 5123 20@1-35 i ] ®72 708 ALQI5E Fil 527 I ARy

GFR 60-09 489 13987 104 334 43384 5 S0 B S5W4E4n 244 B5E3 G450 A5 Q-3

@R <80 133 187 12013 G5E0-80% L] L] 018 91 ET7-1258 B 1360 B995 47 (36-58)
Stroku

GFR =80 B4 TH6 NNs 22p6-ah L1 3878 4033 A5R54Y a 3530 W 1ApE-2)

GFR B0-B8 L 14m3 104808 353.2-28 m 433 40160 2P 6-4H 12 570 B4648 102634

GFR <80 104 185 12002 S0P 7840 3 50 W4 EEQAS-ATH n 1374 9044 LD ED-50H
Myocandlal infarcsion

BFR =80 % B0 GOAY OAM208) Fil a"nre 26164 0.8 0414 ' un BHI 04 (-02-0m

GFR 80-B9 18 W 1M1%T 07 me-08) n THE SA885 11 0e-14) “u 12441 677 040305

GFR <60 k] 25 16626 1409198 21 (5] 4039 2413361 18 1678 12887 07 {0411
Ali-Caupn contn

OFf =90 269 B4a5 62754 1.6 {B.4-8.7) a7 4225 219 1AET-1) T 4220 36 505468

GFR B0-08 1388 020 161188 TO@E7-T4) 008 759 834 104 @111 57 12751 102824 48457

GFR <80 ot 2630 18935 128 (10.2-1558 184 L] 4540 NINS-TTH 243 1968 M2 TIE-AER

FY Indicates person-years.

"incidence rates were adjusted lor age by the direct standardized method. Overall results were additionally adjusted for sex.

tA<0.01, $P<0.001, §P<0.05 vs GFR =80 mL - min~' + 173 m~%,

lower level. Consequently. more participants (21%) were
assigned to the group whose GFR was <60 mL - min~'- 1.73
m %, and the age- and sex-adjusted risk of CVD among these
subjects relative to those with a GFR =90 mL - min™ - 1,73
m™* was attenuated by 85% (95% CI1 32% to 160%), although
it was still significant. Similarly, a log-linear relationship
berween blood pressure levals and the risk of CVD was stll
observed in the subgroup whose GFR was <60 mL - min™' -
1,73 m™*, even after correction with the Japanese coefficient
(Data Supplement Figure).

Discussion

In the present study, we demonstrated a clear association
between reduced GFR and 1igh risk of CVD. To the best of
our knowledge, t!lls is the first overview of this issue in &

(=) ity-based longitudinal study. Furthermore,
Ih: relationship between blood p levels ut baseline and
CVD risk was found to be strong and continuous. regardless
of kidney function stams.

There have been few studies showing the association of
reduced GFR with an increased risk of CVD or mortality in
the general Japanese population.®-* The findings of the
Hisayama study revealed that a GFR <60 mL - min™' - 1.73
m™ was u significant risk factor for the development of
coronary heart disease in men and of CVD and stroke in
women.® In a large cohort study conducted by Ine et al,’
reduced GFR was strongly associated with mortality due to
CVD or stroke, A report from NIPPON DATA 90 also
showed an association between a GFR <30 mL - min™" - 1.73
m™ and a high risk of cardiovascular death.* In the p t

results, therefore, highlight the importance of tuking kidney
function status into consideration in trying to reduce the
burden of CVD in the general Japanese population.

There are several possible explanations for the associution
of reduced GFR with CVD.? First, reduced GFR is associaled
with a high prevalence of traditional CVD nisk factors, such
as aging. hyperiension, diabetes, smoking habits, and dyslip-
idemia.'? In the present study, reduced GFR was found to be
a significant risk factor for the development of stroke after

dj for demographic factors, but not after adjustment
for potential rr.l.dluonal CVD risk factors, which suggests that
an accumulation of traditional CVD risk factors in individuals
with reduced GFR increases the risk of stroke. In contrast, the
risks of CVD, myocardial infarction. and all-cause death in
individuals with reduced GFR were also attenuated, although
still significant, after adjustment for traditional CVD risk
facrors. Reduced GFR has been shown to be associated with
increased levels of novel CVD risk factors, such as inflam-
mation, asymmetnic dimethylarginine, oxidative stress, and
thrombogenic factors,'**® Second, reduced GFR may be a
marker of vascular disease; it is well recognized that renal
aneriosclerosis and glomerular sclerosis are closely related 1o
systemic atherosclerosis.?!

In the present study, reduced GFR was associated with a
high risk of stroke in men after adjustment for demographic
factors but not after adjustment for potential confounding
factors, however, this relationship was still observed in
women even after adjustment for confounding factors. This
sex difference may be a consequence of the effects of residual
confounding fuctors, specifically, hypercoagulable states* or

1al ids,® in women, Furthermore, the lack of a

S

ifi association between reduced GFR and a high risk

study, we demonstrated a c ear association b J
GFR and the risks of CVD, stroke, myocardial infarction, and
death in an overview of 10 Jupanese cohort studies. These
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Table 4. Effects of Kidney Function on Development of CVD

Age- and Sex-Adjusted* Multivariate-Adjusted
HA (5% C) P HR (95% O)) P
Overall
CvD
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 60-89 141 1.13-1.75) 0.002 1.24 (0.96-1.58) 0.07
GFR <60 2.26(1.711-2.99) <0.001 1.57 (1.14-2.15) 0.005
Stroke
GFR 290 1,00 {Referance) 1.00 (Reference)
GFR 60-89 1.40 (1.10-1.78) 0.007 1.24 (0.95-1.61) 0
GFR <60 2.06 (1.51-2.81) <0.001 1.41 (0.99-2.00) 0.06
Myocardial infarction
GFR =00 1.00 (Rusterence) 1.00 (Reference)
GFR 60-89 1.32 (0.84-2.08) 022 1.26 (0.77-2.05) 0.35
GFR <60 3,35 (1.94-5.79) <0.00 2.37 (1.29-4.34) 0.005
All-cause deatn
GFR =80 1.00 (Reference) 1.00 (Reference)
GFR 60-89 1.01 (0.88-1.15) 0.94 110 (0.96-1.27) 0.37
GFR <80 1.70 {1.44-2.00) <0.001 1.65 (1.38-1.07) <0.001
Men
cvo
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 60-89 1.21 (0.93-1.58) 0.18 1.01 {0.75-1.35) 0.85
GFR <80 213 (1.45-3.11) <0.001 14T (0.94-2.29) 0.09
Stroke
GFR =980 1.00 (Reterence) 1.00 {Retarence)
GFR BO-89 117 (0.86-1.57) 0.32 0,99 (0.71-1.38) 0.95
GFR <B0 1.69 {1.08-2.65) 0.02 1.70 (0.64-1.59) 0.72
Myocardial intarction
GFR =90 1.00 {Redarence) 1.00 (Fieterence)
GFR B0-B9 1,25 [0.75-2.07) 0.39 1.05 (0.61-1.81) 0.85
GFR <60 3.85(2.07-7.55) =0.001 2.56 (1.24-5.27) 0.m
Ni-cause death
GFR =80 1,00 (Refarence) 1.00 (Reference)
GFR 60-89 0.97 (0.83-1.14) 0.72 1.08 (0.80-1.25) 0.48
GFR <60 1.75 (1.42-2.16) <0.00 1.730.37-2.17 <0.001
Woman
VD
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR B0-89 1.93(1.28-2.92) 0.002 1.81(1.17-2.79 0.008
GFR <80 2.84 (1.79-4.52) <0,001 1.97 (1.19-3.29) 0.009
Stroke
GFR =90 1,00 {Reference) 1.00 {Reference)
GFR 60-89 201 (1.28-3.14) 0.002 1.81(1.14-2.89) 0.1
GFR <80 289175479 <0.0Mm 1.8 (1.15-3.42) 0.0
Myocardial infarction
GFR =00 1,00 {Reference) 1.00 (Reference)
GFR 60-89 1,60 (0.55-4.60) 039 214 (0.63-7.24) 0.22
GFR <60 2.93(0,93-923) 007 2.79 (0,74-10.56) 0.13
Ni-cause death
GFR =90 1.00 (Reference) 1,00 {Reterence)
GFR B0-89 1.13 (D87-1.47) 0.35 1.23 (0.94-162) 0.3
GFR <60 1,79 (1.34-2.38) <0.001 1.68 (1.24-2.30) <0.001

GFA was measured in mL - min~" - 1.73 m %

“Sgx was removed from model for the analyss stratffied by sex.

tEstimates were sajusted for age, sex, cohort, systolic hlood pressure, diabétes, serum total cholesterol, body mass index, and current smoking status. Sex was
removed from modei for the analyses stratified by sex.
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Blood pressure N of incidence Decresss| |ncreass p for p for
levels Events PYS (10" PYs) in risk in risk HR (85% C1) trend hetero. ™
Cardiovascular disease
GFR260 Normal 50 352376 14 | | 1,00 ( Refarance )
PreHT 200 65475 3.1 —— 1.74 (1.24- 2.43)
<0.001
Stage 1HT 205 37604 5.4 B 2.65(1.89- 3.72)
Stage 2HT 138 17,077 B.A —- 335(2.34-479)
0.87
GFR <60 Normal 10 1,847 5.5 L 1.00 [ Referencs )
PreHT 35 4392 80 e ——— 2.62(0.91- 7.55)
0.001
Stage 1 HT 48 3855 126 —8— 377(1.33-10.7)
Stage 2 HT 42 215 199 —— 522(1.81.15.1)
Stroke
GFR260 MNormal 36 35433 1.0 » 1.00 { Referance)
PreHT 184 65608 25 —i— 203(1.37-3.01)
<0.001
Stage 1 HT 166 37,809 4.4 — 2.90{2.01- 4.45)
Stage 2HT 122 17,158 7.1 — 4,27 (2.82- 6.45)
0I7
GFR <60 Normal -] 1,847 49 1.00 { Reference j
PreHT 25 4389 57 P | — 1.88 (0.63- 5.58)
0.004
Stage 1 HT 35 3897 85 ——————=—————— 286 (099 8.27)
Stage 2 HT 35 2,148 163 —————  4.33(147.12.7)
All-cause death
GFRz60 Momal 267 55852 48 1.00 [ Raferance )
ProHT 528 04,164 6.7 1.08 (0.83- 1.26)
<0001
Blage 1HT 501 51735 0.7 . 1.28(1.08- 1.51)
Stage 2HT 281 22045 127 =z 1.46(1.22- 1.76)
0.99
GFR <60 Normal 48 3235 148 L 1.00 ( Refarenca
PreHT 153 6,836 224 —— 1.39(0,97- 1.98)
0.004
Stage1HT 126 5886 215 — 1.30(0.87- 2.00)
Stage 2 HT 100 2997 334 —— 1.80( 1.22- 2.65)
1 I L
0.5 1.0 10.0
HR (95% CI)

Figure, Efiects of blood pressure levels on the development of CVD according to kidney function status. Estimates were adjusted for age,
sex, cohor, diabetes, ssrum total cholesterol, body mass index, and curment smoking status. Solid boxes represent estimates on the risk of
outcomes lor each biood pressure level. Areas of the boxes ane proportional 1o the number of events. P for trend” testad the log-iinear reia-
tiorship between blood pressure levels at bassling and the risk of outcomes by kidney function status. “P for hetero.” testad the

ity of the essociation of blocod pressure levels with the risk of outcomes between Kidney function status subgroups, HT indicates hyperten-
slon; PYs, parson-yaars.




