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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
p for trend )
Q1 Q2 Q3 Q4 homogeneity
Hypertension
No (n=1,618) 402.4+09 405809 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 4128+1.2 0.01
Dyslipidemia
No (n=1,202) 403.1+1.4 4059+t1.3 410.0£1.4 408.6+1.8 0.03 0.14
Yes (n=1,464) 401.3x1.4 407.0£1.2 408.811.1 4145+1.2 <0.0001
Diabetes
No (n=2.,243) 4024+1.0 406.4£0.9 408.7+£0.9 4119+1.2 <0.0001 0.39
Yes (n=423) 404.1£3.8 407.6+2.7 411.7£22 4129+19 0.06
Obesity
No (n=1,938) 402.7+1.1 406.4x1.0 408.7t1.0 411.2+1.2 <0.0001 0.19
Yes (n=728) 401.7£2.0 406.9x1.7 410.5%¢1.6 4148+1.8 <0.0001
ECG abnormalities
No (n=2,196) 402.2=1.0 405.8+0.9 409.1+£0.9 411.8x1.2 <0.0001 0.43
Yes (n=470) 402.3+3.7 411.1£2.9 410.6+2.3 413.712.1 0.04
Alcohol intake
No (n=1,504) 4043114 408.1¢1.2 410.6%1.2 413.6x1.3 <0.0001 0.34
Yes (n=1,162) 399.8+14 404413 407.6x1.3 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+1.8 407.512.3 0.0003

Values arc age- and sex-adjusted means£SEM.

Table 4. Age- 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 p for trend
Ql Q3 Q4
01 (n=903) 406.0t1.6 404.0+1.4 408.1t1.4 411.6£1.7 0.001
2-3 (n=1,313) 402.5+1.4 404.8+1.3 4094413 4104£1.5 0.003
4-7 (n=450) 407.4%£23 407.7+2.2 4139422 4135+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 to QTc were comparable between men
and women.

Table 3 shows the age- and sex-adjusted mean values of
QTc 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
QTc 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 QTc 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 QTc
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
QTc 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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Fig. 2. Multivariate-adjusted mean values of heart rate—cor-
rected QT interval duration according to 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.

abesity, 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 discase. 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 rcla-
tionships between QTc and baPWV, which has been shown to
be a functional marker for subclinical atherosclerotic disease
in central and peripheral arteries (/6, 2/). Ours is the largest
study to have investigated the association 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 subclinical 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 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
(23).

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 QTc is limited.
This fact made it difficult for us to conduct longitudinal anal-
ysis.

In conclusion, we found close associations between
baPWYV 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 to 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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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—Thce 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 vears 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 of atherothrombotic and cardioembolic infarction did not change during this period.
Hypertension was a powerful risk factor [or 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 treatment of hypertension and metabolic disorders. (Circulation. 2008;118:2672-2678.)

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

Stroko: continues to be a major public health concem
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 reported that the declining or stable incidence of
stroke is likely attributable to better treatment of risk factors
over time.2-8 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 hypertension control, but this declining
trend was slowed in the late 1980s and 1990s, probably
because of an increase in metabolic disorders.®

Clinical Perspective p 2678

Because the pathogenesis, prognosis, and treatment differ
among ischemic stroke subtypes,*'? the evaluation of tempo-
ral trends in the incidence of and nsk factors for ischemic
stroke subtypes may contribute to more effective pnmary 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.®''-'¢ 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 throughout the study
period. These characteristics of the study design enabled us to
examine secular trends in the incidence of and risk factors for
ischemic stroke subtypes. We previously reported the steadily
declining incidence of lacunar infarction (LAI) using 12-year
follow-up data of the first 3 cohorts.’” In this article, 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 Japan. The population of the town was
~8000 in 2007, and full community surveys of the residents have
been repeated since 1961. The study design and characteristics of the
subject population have been described in detail elsewhere.'4-!6
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 Lhe screening examination (participation
rate 90.1%). After the exclusion of subjects with a history of stroke
or myocardial infarction and subjects who dicd 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 participants (participation rate 81.2%) in
1974, a third cohort of 2637 subjects from 2742 participants
(participation rate 80.9%) in 1988, and a 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 repeated health examinations 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 cohort 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 at 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.®!4-16 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 systolic blood pressurc =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 glycosuria 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 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 mmolL (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 (1 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: LAI, atherothrom-
botic infarction (ATT), cardioembolic infarction (CEI), and undeter-
mined subtype. Details of the diagnostic criteria of ischemic stroke
subtypes have been published previously.'® Briefly, LAI was diag-
nosed as thc presence of a relevant brain stem or subcortical
hemispheric lesion with a diameter of <1.5 ¢cm demonstrated on
brain imaging or autopsy and no evidence of cerebral cortical or
cerebellar impairment. ATI was diagnosed when the subject had
significant stenosis (=>50%) or occlusion of a major cerebral artery
with infarct size =1.5 cm on brain imaging or autopsy. The diagnosis
of CEI was made on the basis of primary and secondary clinical
features suggestive of CEI as reported hy 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 LAI, 28 of ATI, 17 of CEI,
and 6 of undetermined subtype) in the first cohort, in 142 subjects in
the second cohort (76 cases of LAI 29 of ATI, 34 of CEL and 3 of
undetermined subtype), and in 154 subjects in the third cohort (74
cases of LAI 42 of ATI, 38 of CEIL and 0 of undetermined subtype).
Among these, morphological examinations by autopsy or brain
imaging were performed on 90.3% (autopsy rate 90.3%) in the first
cohort, 97.2% (autopsy rate 87.5%) in the second cohort, and
100.0% (autopsy rate 72.4%) in the third cohort.

Statistical Analysis

The prevalences of possible risk factors were adjusted [or age by the
direct method and were examined for trends across cohorts by the
Cochran-Mantel-Hacnszel x° test with 10-ycar 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-cver ischemic stroke and its subtypes
were calculated by the person-year method with adjustment 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 wilh the use of the Cox proportional hazards
model. Age and sex-adjusted hazard ratios (HRs) and 95% ClIs 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.
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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 1974 1988 2002 Ptor 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, ¥ 5511 56+11 5712 60+12  <0.001 5712 5812 59+12 62+13  <0.001
Hypertension, % 384 43.1 441 420 0.25 35.9 40.1 35.1 N3 <0.001
Antihypertensive agents, % 20 8.4 132 18.2 <0.001 21 74 134 16.6 <0.001
Systolic BP, mm Hg* 162=18 157*18 15118 14818 <0.001 163+£19 16119 154=19 149+19  <0.001
Diastolic BP, mm Hg* 9111 90+11 a7=11 8911 0.011 88=11 8711 83=11 86+11  <0.001
Glucose intolerance, % 11.6 14.1 393 54.5 <0.001 48 79 30.0 355 <0.001
Obesity, % 7.0 116 241 29.3 <0.001 12.9 215 238 24.0 <0.001
Body mass index, kg/m’ 21,3228 21.7=28 228+28 23528 <0001 21734 22533 229=33 22934 <0.001
Hypercholesterolemia, % 28 12.2 269 25.8 <0.001 6.6 199 416 416 <0.001
Total cholesterol, mmol/L 39=09 4709 5109 51x09 <0.001 42110 5.041.0 55+1.0 5410 <0.001
Atrial fibrillation, % 07 16 16 1.1 0.84 0.5 04 09 0.6 0.55
Current smoking, % 75.0 733 50.4 46.9 <0.001 16.6 102 69 85 <0.001
Current drinking, % 69.6 63.8 615 ny 0.043 83 5.7 95 29.1 <0.001
Light drinking, % 434 319 295 377 i 8.2 55 8.0 271
Heavy drinking, % 26.3 39 320 34.0 % 0.1 02 15 20

BP indicates blood pressure. Hypertension was defined as systolic BP >140 mm Hg or diastolic BP =90 mm Hg or current use of antihypertensive 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?. Current drinking was
divided into light (1 to 33 g) and heavy (=34 g) drinking according to 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 =~40%
in men (£ for trend=0.25) and decreased significantly in
women (P for trend <0.001), whereas the proportion of
individuals using antihypertensive agenls increased consis-
tently with time in both men and women. As a result,
age-adjusted mean blood pressures among hypertensive 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 13-year follow-up in the first 3
cohorts (1st. 2nd, and 3rd cohort). The age-adjusted incidence
ol 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% from 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 cohort, 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 cohorts
are shown by sex in the Figure. For men, the proportion of
subjects with LAI decreased steadily from the first to the third
cohort, whereas the proportions with ATI and CEI increased.
For women, the proportion of the subjects with CEI 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
ischcmic 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% CI 2.17
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
1st Cohort 2nd Cohort 3rd Cohort P for 1st Cohort 2nd Cohort 3rd Cohort P for
(7456 PY) (9655 PY) (12 333 PY) Trend (10 204 PY) (13 762 PY) (17 953 PY) Trend
Ischemic stroke
No. of events 72 70 70 62 72 B4
Incidence rate 8.73 5.44 3.85 <0.001 428 3.06 2.57 <0.001
LAl
No. of events 48 34 30 35 42 44
Incidence rate 5.68 2.59 1.59 <0.001 241 1.81 1.50 0.003
ATl
No. of events 14 14 22 14 15 20
Incidence rate 1.88 1.03 1.23 0.27 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 0.43 0.58 0.56 0.53 0.86
Undetermined subtype
No. of events 1 1 5 2 0
Incidence rate 0.09 0.09 0.00 0.20 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 cohort (HR 1.83, 95% CT 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 effcct 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 population 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 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
cohort 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% CI 1.23 to 2.95) but was
not significant in the third cohort (HR 1.28, 95% CI 0.93 to
1.78). Obesity was not a significant risk factor in any of the
cohorts after adjustment for other risk factors. We tried to
investigate the effect of cardiovascular risk 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.

Women
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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

1st Cohort 2nd Cohort 3rd Cohort
HR (95% CI} P PAF HR (95% CI) P PAF HR (95% Cl) P PAF
Hypertension 3.25(2.17-4.86) <0.001 0.51 3.09 (2.05-4.685) <0.001 0.53 1.83 (1.29-2.58) <0.001 0.30
Glucose intolerance 2.45(1.60-3.74) <0.001 0.13 1.38 (0.87-2.17) 017 0.04 1.41 (1.02-1.94) 0.036 0.13
Obesity 1.83(1.12-3.00) 0.017 0.06 1.63 (1.04-2.57) 0.034 0.07 1.54 (1.07-2.21) 0.021 0.09
Hypercholesterolemia 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 0.99 (0.65-1.51) 0.94 -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 population attributable risk fraction.

Discussion

By comparing the incidence of ischemic stroke subtypes
among 3 cohorts established at different times in a Japanesc
community, we demonstrated that the incidence of LAI
declined significantly from the first to the third cohort for
both sexes, whereas the incidence of ATI and CEI remained
stable. During the study period. 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 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 disease on the development of ischemic stroke was
scen to 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-
ments 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 LAIL however, hypertension was still a significant risk
factor in the third cohort and had a large attnibutable risk
fraction for ischemic stroke. Because half of the hypertensive
subjects did not undergo treatment for hypertension in the
third cohort, 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 westernization 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 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 LAI''® Moreover, obesity 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.2® 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 LAI and the sustained incidence of ATIL

Smoking is a widely accepted risk factor for ischemic
stroke in Western populations, but this relationship is contro-
versial for Japanese.’®?!>? 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 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 stll high in Japanese men, and therefore, the adverse
influence of smoking might appear in the current generation
of younger men, with a higher cholestcrol level to 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 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 ischemic stroke subtypes differed
from that of Western populations, with subjects in the present
study showing a high proportion of LAT 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 16992 patients with acute ischemic stroke from
rural areas in Japan? 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 LAI. We recently
found 2 susceptibility genes for ischemic stroke, PRKCH and
AGTRLI, in a genome-wide association study.??7 A single-nu-
cleotide polymorphism in the PRKCH gene increased the risk of
LAL but this single-nucleotide polymorphism is specific to
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 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
cohorts. 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 overlapping subjects as in any life
table analysis, establishing every cohort 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 cohorts, which suggests
an underestimation of the prevalence of glucose intolerance
in the former cohorts. 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 diagnostic imaging tests increased over time. Echo-
cardiography and carotid scanning were rarely performed in
the former cohorts (3.0% and 0% in the first cohort, 29.6%
and 4.2% in the second cohort, and 61.7% and 27.3% in the
third cohort, respectively). Therefore, it is possible that the
trends in the incidence of ATI and CEI were less accurate
than the trends for LAl 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 dcmonstrated that the
incidence of LAl 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 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, particularly with re-
spect to hypertension and metabolic disorders.
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CLINICAL PERSPECTIVE

Stroke continues to be a major public health concern worldwide. Several epidemiological studies have reported that the
declining or stable incidence of stroke is most often attributed to better treatment of nisk 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 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 to 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, Ph);
Yasuo Ohashi, PhD; Hirotsugu Ueshima, MD, PhD;
for the Japan Arteriosclerosis Longitudinal Study Group

Background—Kidney discase 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

dysftunction.

Methods and Results—Using data from 10 community-based cohort studies in Japan, we conducted follow-up on a total
of 30 657 individuals 40 to 89 years of age without preexisting CVD or kidney failure 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

1.73 m™2 (6.5, P<<0.001) compared with those with a 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% to 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 a 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 significant 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 a J-curve association, regardless of GFR levels. (Circulation. 2008;118:2694-2701.)

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

idney discasc 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 risk of cardiovascular discase
{CVD)3*35; 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
established that treatment for high blood pressure prevents
CVD." Blood pressure is commonly elevated in individuals

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.'213 These data 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 Arteriosclerosis Longitudinal Study—
Existing Cohorts Combine (JALS-ECC), which is an over-
view of individual participant data from 21 community-hased
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longitudinal observational studies 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 rationale, study design, and methods of the JALS-ECC have
been described elsewhere.* In brief, cohort studies were eligible for
inclusion in this project if they sausfied the following criteria: (1)
Japanese population; (2) prospective cohort study; (3) at least 3000
person-years of follow-up; (4) date of hirth, sex, height, weight.
blood pressure, and serum total cholesterol recorded at baseline; and
(5) date of death or the age at death recorded during a follow-up.
Quality control of the collected cohart data were performed at the
JALS Coordinating Center. The individual records of 66 691 partic-
ipants in 21 cohort studies were included in the present project, with
82.7% of the participants from 17 community-based cohorts and
17.3% from 4 work-sitc—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
1SSUCS.

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 variables, and 1 included no event data for either stroke or
myocardial infarction. From the remaining 10 cohorts, we excluded
participants less than 40 years of age and those 90 years of age or
older, those with unavailable examination data at 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 cvents was unavailable. A final total 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-causc dcath analysis. The average follow-up period was 7.4
years.

Risk Factors

The JALS Coordinating Center requested individual participant data
from the collaborating investigators. Serum creatinine was measured
by Jaffe’s method in 8 cohorts, by the enzymatic method 1n 1 cohort,
and by both methods in 1 cohort. Serum creatinine valucs mcasurcd
by the enzymatic method were corrected for Japanese subjects by the
addition of 18.3 umol/L.'> GFR was estimated with the 4-variable
Modification of Diet in Renal Disease study equation.® In accordance
with the National Kidney Foundation Kidney Disease Outcomes
Quality Initiative guidelines,’® GFR levels were classified in the
following ranges: =90, 60 to 89, and <60 mL - min™" - 1.73 m™>.
Blood pressure was measured by a standard sphygmomanometer in
all cohorts. Mean values were used in several cohorts that measured
2 or more blood pressure values. Blood pressure levels at baseline
were classified into 4 categories (normal, prehypertension, stage |
hypertension, and stage 2 hypertension) according to the criteria of
the seventh report of the Joint National Committee on the Preven-
tion, Detection, Evaluation, and Treatment of High Blood Pressure.!”
Diabetes was defined as a fasting blood glucose level of
=7.0 mmoVL, a casual blood glucose level of =11.1 mmol/L,
current use of insulin or oral medication for diabetes, and/or a history
of diabetes. Serum total cholesterol was determined enzymatically.
Information on smoking habit was obtained through a standard
questionnaire and classified as current habitual use or lack thereof.

End Points

In each cohort, vital status and the development of CVD were
ascertained during follow-up by use of death certificates, hospital
medical records, and/or questionnaire surveys. All outcomes were
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classified according to the International Classification of Diseases,
9th Revision (ICD-9). All events were recoded by coordinating
center staff members. CVD was defined as the development of cither
stroke or myocardial infarction. Suoke was defined as an acute
disturbance of focal neurological function with symptoms that lasted
>24 hours or death caused by a stroke cvent (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
appropriate clinical history supported by ECG changes and/or
elevations of cardiac enzymes or other biochemical markers of
myocardial injury (ICD-9 410). Only the first event of the relevant
outcome type was included in cach analysis.

Statistical Analysis
The SAS software package for Windows, release 9.13 (SAS Insti-
tute, Inc, Cary, NC) was used to perform all statistical analyses. The
incidence rate of each 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 subgroups and study population were
subdivided into the same set of age groups (defined by decade) and
the age- and sex-specific incidence rates were calculated within each
subgroup.'® The hazard ratios (HRs) and their 95% CIs 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 a strata variable, assuming only
proportional hazards within each study and not between studies.'s
Heterogeneity across cohorts was examined with the Cochran Q test
and the I° statistic.'® The risks of events according to blood pressure
levels were also estimated with the Cox regression model. Trends in
relationship between blood pressure levels and the risk of events
were assessed by fitting models with a linear term for blood pressure
categories according to kidney function status, and the heterogeneity
of these relationships between kidney function status 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 statistically significant 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 to the
manuscript as written.

Results

The characteristics of the 10 cohorts examined in the present
study are shown in Table 1. 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 786 umol/L, and the
frequency of GFR <60 mL - min~' - 1.73 m™~* was 8.2%.
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 pressure, prehypertension, stage 1 hypertension, and
stage 2 hypertension were 19.6%, 41.8%, 26.0%, and 12.6%
for men and 24.3%, 41.0%, 24.3%, and 10.4% for women,
respectively. Similar findings were observed in subjects
enrolled 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 a GFR =90 mL - min™' - 1.73 m™* and
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Table 1. Characteristics of Included Cohort Studies
Mean Mean  GFR  Mean  Mean Fasting  Mean Total  Cument Follow-Up, y No. of Events
No. of Age,  Men, sCr, <60, SBP/DBP, Blood Glucose, Cholesterol,  Smoking,
Regions Cohort Name Population y %  pmoll* %t mm Hg mmolL mmolL % Stat-End  Mean CVD Stroke Ml Death
Hokkaido Tanno/Soubetsu 2066 601 439 89.6 19.4 13378 5.1 5.0 259 1991-1999 55 120 93 27 136
Akita 2 Ikawa 2595 56.1 436 76.0 26 135/81 6.6 49 28.8 1985-1999 107 44 41 3 146
|baraki Kyowa 4479 548 428 76.9 5.3 137/82 6.9 5.0 30.4 1985-1999 101 168 128 51 350
Nigata Tokamachi 8480 580 331 796 .7 12173 NA 5.1 18.8 19932003 78 NA NA 29 400
Osaka Yao 3855 540 348 78.7 6.7 132/80 6.0 5.2 272 1985-1998 96 79 62 18 1M
Minami-takayasu

Shiga 1 Shigaraki 2934 566 411 81.3 105 132/78 6.0 6.0 294 1992-2001 73 82 69 13 260
Hirashima Hiroshima 2222 721 287 84.0 238 136/78 6.2 5.6 154 1992-2000 186 73 12 350
Ehime Ohzu 5300 585 339 76.9 6.2 130/76 53 5.3 15.2 1996-2003 5.5 9 89 10 184
Fukuoka 1 Hisayama 77 608 395 a3.1 95 13378 54 5.4 211 1990-2000 9.9 57 45 14 86
Kumamoto —_— 2465 47.0 700 65.4 0.2 127/80 57 54 46.4 1999-2003 4.2 5 2 3 1
Total i 35153 576 380 78.6 8.2 131778 6.0 5.2 245 1885-2003 74 721 592 180 2104

sCr indicates serum creatinine; SBP/DBP, systolic or diastolic blood pressure; MI, myocardial infarction; and NA, not available.

*Serum creatinine was measured by Jaffe's method in 8 coharts, by enzymatic method in the Ehime cohort, and by either method In the Niigata cohort. The values
of serum creatinine measured by the enzymatic method were corrected by the addition of 18.3 umal/L.

+GFR (unit: mL - min~" - 1.73 m~?) was estimated by the Modification of Diet in Renal Disease formula.

those with a GFR <90 mL - min™" - 1.73 m™? (all P<0.01).
Subjects with a GFR <60 mL - min™" - 1.73 m™* showed a
significantly higher age- and sex-adjusted incidence of myo-
cardial infarction and all-cause mortality 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 a 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

Men Women

Risk Factors (n=9574) (n=13 459)
Age, y 56.9(11.1) 58.2(11.4)
Serum creatinine, wmol/L 87.3 (16.7) 71.6(13.6)
GFR, mL+min~'+1.73 m™? 87.3(20.2) 81.0(19.1)
GFR levels (mL - min~' - 1.73m 3, %

=00 39.0 271

60-89 55.9 62.8

<60 5.2 10.1
Systolic blood pressure, mm Hg 1336 (19.1) 132.3(19.8)
Diastolic blood pressure, mm Hg 81.1(11.5) 779(11.0)
Blood pressure levels, %

Normal 196 243

Prehypertension 41.8 41.0

Stage 1 hypertension 26.0 243

Stage 2 hypertension 126 10.4
Diabetes, % 9.5 5.2
Serum total cholesterol, mmol/L 5.0(0.9) 54(1.0)
Body mass index. kg/m? 23.2(3.0 23.2(3.3)

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

levels in the overall population after adjustment for age and
sex (Table 4). Even after adjustment for potential confound-
ing factors, specifically age, sex, cohort, systolic blood
pressure, diabetes, 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, I’'=0% for myocardial infarction; and
Q=1.14, I’=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 between
blood pressure levels at baseline and the hazard of CVD,
stroke, and all-cause death regardless of kidney function
status after adjustment for potential 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 pressure 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 10 2.37], and 1.75 [1.06 to 2.87]; P for trend 0.03) and
in those with a GITR <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
to 5.44]; P for trend 0.04). The number of myocardial
infarctions in subjects with normal blood pressure levels was
oo small to 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
0.881.1% The correction shifted the GFR distribution to a
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Table 3. Incidence Rate of CVD According to Kidney Function Status

Overall Men Women

GFR Levels, Incidence Rate Incidence Rate Incidence Rate
mL-min~" - No. of No. of PY at per 1000 PY No. of No. of PY at per 1000 PY No. of No. of PY at per 1000 PY
1.73m™? Events  Participants Risk (95% CI° Events Participants  Risk (95% C)* Events  Participants Risk (95% CI*
oo

GFR =90 105 1199 51203 29(21-39) 78 3672 23964  4.4(3.3-5.6) 27 3527 27239 18(09-28)

GFR 6089 489 13967 104334 43{3.947t 245 5404 39794 554862 244 8563 64540 35(3.1-3.9)t

GFR <60 133 1867 12013 65 (5.0-8.04 49 498 3018 9.1 (5.7-12.54 84 1360 8995 4.7(3.6-588
Stroke

GFR =50 84 7206 51315 22(1.6-28) 61 3676 24033 35(2545) 23 3530 27281 14(06-2.1)

GFR 60-89 404 14 003 104 BO8 35@3.2-39¢1 182 5433 40 160 4.2 (3.64.8) 212 8570 64648 3.0 (2.6-3.4)t

GFR <60 104 1875 12092 503.7-6.44 33 501 3048 663598 7 1374 9044 4.0(3.0-5.0%
Myocardial infarction

GFR =90 25 8350 60807 06{0.2-09) 21 4179 28164  09(0.4-1.4) 4 Nn 32643 04(-0.2-0.9)

GFR 60-89 116 16786 151527 0.7 (0.6-0.8) 2 7345 54 855 1.1(0.9-1.4) 44 12441 96672 04(0.3-0Y)

GFR <60 9 2521 16926 1.409-1.9% 21 643 4039 24(1.3-368 18 1878 12887 0.7(0.4-1.1)
All-causs death

GFR =90 289 8445 62 754 766487 217 4225 23118 11.4(9.7-131) 72 4220 33635 5.1(3.5-6.6)

GFR 50-89 1388 20 280 161168 7.0(67-7.4) 809 7529 58344 104(9.7-110) 579 12751 102824 4844 52)

GFRR <60 427 2640 18035 128 (10.2-15.5% 184 681 4540 213(149-27.7t 243 1968 14395 7.3(59-8.6)1

PY indicates person-years.

*Incidence rates were adjusted for age by the direct standardized method. Overall results were additionally adjusted for sex.

1P<0.01, $P<0.001, §P<0.05 vs GFR =90 mL - min~' - 1.73 m 2,

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% CI 32% to 160%), although
it was still significant. Similarly, a log-linear relationship
between blood pressure levels and the risk of CVD was still
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 high risk of CVD. To the best of
our knowledge, this is the first overview of this issue in a
Japanese community-based longitudinal study. Furthermore,
the relationship between blood pressure levels at baseline and
CVD risk was found to be strong and continuous, regardless
of kidney function status.

There have been few studies showing the association of
reduced GFR with an increased risk of CVD or mortality in
the general Japanese population.®-8 The findings of the
Hisayama study revealed that a GFR <60 mL - min~™" - 1.73
m~? was a significant risk factor for the development of
coronary heart discasc in men and of CVD and stroke in
women.® In a large cohort study conducted by Irie et al,’
reduced GFR was strongly associated with mortality due to
CVD or stroke. A report from NIPPON DATA 90 also
showed an association berween a GFR <30 mL - min~' - 1.73
m~ and a high risk of cardiovascular death.® In the present
study, we demonstrated a clear association between reduced
GFR and the risks of CVD, stroke, myocardial infarction, and
death in an overview of 10 Japanese cohort studies. These

results, therefore, highlight the importance of taking 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 association
of reduced GFR with CVD 2 First, reduced GFR is associated
with a high prevalence of traditional CVD risk factors, such
as aging, hypertension, 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
adjustment for demographic factors, but not after adjustment
for potential traditional 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
factors. Reduced GFR has been shown to be associated with
increased levels of novel CVD risk factors, such as inflam-
mation, asymmetric dimethylarginine, oxidative stress, and
thrombogenic factors.’®2° Second, reduced GFR may be a
marker of vascular disease; it is well recognized that renal
arteriosclerosis and glomerular sclerosis are closely related to
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 factors, specifically, hypercoagulable states® or
gonadal steroids,? in women. Furthermore, the lack of a
significant association between reduced GFR and a high risk
of myocardial infarction is probably due to the relatively
small number of events.
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Table 4. Effects of Kidney Function on Development of CVD

Age- and Sex-Adjusted” Multivariate-Adjustedt
HR (95% Cl) P HR (95% CI) P
Overall
CvD
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 60-89 1.41 (1.13-1.75) 0.002 1.24 (0.58-1.58) 0.07
GFR <60 2.26 (1.71-2.99) <0.001 1.57 (1.14-2.15) 0.005
Stroke
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 60-89 1.40 (1.10-1.79) 0.007 1.24 (0.95-1.61) 0.11
GFR <60 2.06 (1.51-2.81) <0.001 1.41 (0.99-2.00) 0.06
Myocardial infarction
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 60-89 1.32 (0.84-2.08) 0.22 1.26 (0.77-2.05) 0.35
GFR <60 3.35(1.94-5.79) =<0.001 2.37 (1.29-4.34) 0.005
All-cause death
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 60-89 1.01(0.88-1.15) 0.94 1.10 (0.96-1.27) 017
GFR <60 1.70 {1.44-2.00) <0.001 1.65(1.38-1.97) <0.001
Men
cvD
GFR =90 1.00 (Reference) 1.00 (Reference}
GFR 6089 1.21(0.93-1.58) 0.16 1.01 (0.75-1.35) 0.95
GFR <60 2.13(1.45-3.11) <0.001 1.47 (0.94-2.29) 0.09
Stroke
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 6088 1.17 (0.86-1.57) 0.32 0.99 (0.71-1.38) 0.95
GFR <60 1.69 (1.08-2.65) 0.02 1.10 (0.64-1.89) 0.72
Myocardial infarction
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 6089 1.25(0.75-2.07) 0.29 1.05(0.61-1.81) 0.85
GFR <60 3.95 (2.07-7.55) <0.001 2.56 (1.24-5.27) 0.01
All-cause death
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 6089 0.97 (0.83-1.14) 0.72 1.06 (0.90-1.25) 0.48
GFR <60 1.75 (1.42-2.16) <0.001 1.73(1.37-2.17) <0.001
Women
CvD
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 6089 1.93(1.28-2.92) 0.002 1.81(1.17-2.79) 0.008
GFR <60 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 6089 2.01(1.28-3.14) 0.002 1.81(1.14-2.89) 0.01
GFR <260 2.89 (1.754.79) <0.001 1.98(1.156-3.42) 0.01
Myocardial infarction
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 60-89 1.60 (0.55-4.60) 0.39 2.14(0.63-7.24) 0.22
GFR <60 2.93 (0.93-9.23) 0.07 2.79(0.74-10.56) 0.13
All-cause death
GFR =90 1.00 (Reference) 1.00 (Reference)
GFR 60-89 1.13(0.87-1.47) 0.35 1.23({0.94-1.62) 0.13
GFR <60 1.79 (1.34-2.38) <0.001 1.68 (1.24-2.30) =0.001

GFR was measured in mL - min~™' - 1,73 m~®.

*Sex was removed from model for the analysis stratified by sex.

tEstimates were adjusted for age, sex, cohort, systolic blood pressure, diabetes, serum total cholesterol, body mass index, and current smoking status. Sex was
removed from model for the analyses stratified by sex.
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Blood pressure N of Incidence Decrease| Increase = p for p for 5
levels Events "YS (10°PYs)  inrisk in risk HR (95% CI) trend  hetero.®
Cardiovascular disease
GFR2>60 Normal 50 35,376 14 B 1.00 (Reference )
PreHT 200 65475 3.1 R 1.74(1.24- 2.43) 0001
< o)
Stage 1 HT 205 37604 54 —— 2.65(1.89-3.72)
Stage 2HT 138 17,077 8.1 . 3.35(2.34- 4.79)
0987
GFR <60 Normal 10  1.847 55 s 1.00 ( Reference )
PreHT 35 4392 80 = 2.62(0.91- 7.55)
0.001
Stage 1 HT 46 3,655 126 —— 3.77(1.33-10.7)
Stage 2 HT 42 2115 199 —®— 522(181-15.1)
Stroke
GFR260 Normal 35 35433 1.0 L ] 1.00 (Reference)
PreHT 164 65699 2.5 —— 2.03(1.37-3.01) 0,001
< .
Stage 1HT 166 37,809 4.4 - — 2.99(2.01- 445)
Stage2HT 122 17,188 7.1 R 4.27(2.82- 6.45)
0.77
GFR <60 Normal 9 1,847 4.9 L 1.00 (Reference )
PreHT 25 4399 57 = 1.88 (0.63- 5.59)
0,004
Stage 1 HT 35 3697 95 e 2.86(0.99- 8.27)
Stage 2 HT 35 2146 163 ——— 433(1.47-12.7)
All-cause death
GFR260 Normal 267 655952 4.8 1.00 (Reference )
PreHT 628 94,164 6.7 1.08(0.93- 1.26)
<0.001
Stage 1HT 501 51735 97 = 1.28(1.09- 1.51)
Stage 2HT 281 22045 127 E 3 1.46(1.22- 1.76)
0.99
GFR<60 Normal 48 3,236 148 z 1.00 (Reference )
PreHT 153 6,838 224 LI— 1.39(0.97- 1.98)
0.004
Stage 1HT 126 5886 215 —l— 1.39(0.97- 2.00)
Stage 2HT 100 2,991 334 —— 1.80 (1.22- 2.65)
[ I I TT1
05 10 10.0

HR (95% CI)

Figure. Effects of blood pressure levels on the deveiopment of CVD according to kidney function status. Estimates were adjusted for age,
sex, cohort, diabetes, serum total cholesterol, body mass index, and current smoking status. Solid boxes represent estimates on the risk of
outcomes for each blood pressure level. Areas of the boxes are proportional to the number of events. “P for trend” tested the log-linear rela-
tionship between blood pressure levels at baseline and the risk of outcomes by kidney function status. “P for hetero.” tested the heterogene-
ity of the association of blood pressure levels with the risk of outcomes between kidney function status subgroups. HT indicates hyperten-
sion; PYs, person-years.
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In the present study, we demonstrated a clear log-linear
association between blood pressure levels and the risks of
CVD, stroke, and all-cause death, regardless of kidney
function status. These findings are consistent with the results
of other studies conducted in the general population.®'”
Recent publications of prospective cohort data suggest, how-
ever, that individuals with a reduced GFR and a systolic
blood pressure below 120 mm Hg may be at increased risk of
stroke or death.!>!? Other post hoc analyses of trials con-
ducted on individuals with coronary heart disease®! and with
diabetic nephropathy?s suggest an increased risk of coronary
events at the lower achieved blood pressures. In the present
study, however, no evidence of an increased risk of myocar-
dial infarction was observed at the lower blood pressure level.
One possible explanation for the J-curve association observed
in the previous studies may be the phenomenon of reverse
causality,’ in which extensive vascular disease or subclinical
cardiac dysfunction is associated with lower blood pressure
levels and reduced GFR and is associated independently with
a relatively high risk of CVD, rather than with any adverse
effects of low blood pressure itself,

Several limitations of the present study should be noted.
First, the generalizability of our findings to some populations
at high risk for CVD may be limited. The participants
excluded from the analysis due to missing baseline examina-
tion data or event data were likely to have a higher cardio-
vascular risk, because they were older (mean 63 years), had
higher blood pressure levels (mean 138/80 mm Hg), and had
a greater prevalence of diabetes (8.7%) than the study
population. This bias has the potential to alter our findings,
which may therefore be conservative. Second, the present
GFR estimates, which were made with a simplified prediction
equation, may not be sufficiently correct, which possibly
could lead to a certain number of misclassifications of
estimated kidney function status. Such misclassifications
would weaken the association found in the present study,
biasing the results toward the null hypothesis. Third, we were
unable to obtain information regarding the use of antihyper-
tensive drugs, medication compliance, or blood pressure
control during the follow-up period. The lack of this infor-
mation may reduce the accuracy of our findings to some
extent. Fourth, the applicability of the present results to
populations with severe kidney dysfunction is limited, be-
cause very few of our subjects (0.1%) had a GFR <30 mL -
min~' - 1.73 m™*. Moreover, the absence of data on protein-
uria in the present study makes it impossible to assess the
effects of the earliest stages of kidney disease on the risk of
CVD. Finally, creatinine measurement was conducted locally
rather than at a central laboratory, which introduces a certain
amount of variability that may reduce the reliability of the
results,

In conclusion, the present findings suggest that a reduced
GFR is associated significantly with a high risk of CVD in the
general Japanese population. Furthermore, we observed a
continuous relationship between blood pressure levels at
baseline and the risk of CVD, regardless of kidney function
status. The optimization of blood pressure control in individ-
uals with kidney dysfunction is therefore likely to substan-
tially reduce the burden of CVD in the general population.
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CLINICAL PERSPECTIVE

There have been several studies reporting a strong association between reduced kidney function and cardiovascular risk.
The findings, however, have been inconsistent in Asian populations, and there has been no attempt to date to review the
evidence. Hence, we conducted an overview of individual participant data from Japanese community-based cohort studies
to reliably assess the impact of reduced kidney function on cardiovascular risk in the general Japanese population. Our
findings suggest a clear association between reduced kidney function and a 57% greater risk of cardiovascular disease in
the Japanese population, as well as a log-linear relationship between blood pressure levels and cardiovascular risk in
individuals with reduced kidney function. The optimization of blood pressure control in individuals with reduced kidney
function is therefore likely to substantially reduce the burden of cardiovascular disease in the general population. Given
that the prevalence of reduced kidney function is =<10% in the general population, we believe that these novel findings are

significant in the areas of clinical and public health.

Go to http://cme.ahajournals.org to take the CME quiz for this article.
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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 Resulis—Using data from 10 community-based cohort studies in Japan, we conducted follow-up on a total
of 30 657 individuals 40 to 89 years of age without preexisting CVD or kidney failure 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-ycars, P=0.002) and in those with a GFR <60 mL - min~' .
1.73 m % (6.5, P<0.001) compared with those with a 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% to 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 a 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 significant 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 a 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 risk 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
established that treatment for high blood pressure prevents
CVD.!"" Blood pressure is commonly elevated in individuals

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 grealer among those with systolic blood pressure
levels below 120 mm Hg than among those with higher
levels.'!3 These data 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 Arteriosclerosis Longitudinal Study-
Existing Cohorts Combine (JALS-ECC), which is an over-
view of individual participant data from 21 community-based

Continuing medical education (CME) credit is available for this article. Go (o http://cme.ahajournals.org to take the quiz.
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longitudinal observational studies 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 rationale, study design, and methods of the JALS-ECC have
been described elsewhere. ! In brief, cohort studies were eligible for
inclusion in this project if they satisfied the following criteria: (1)
Japanese population; (2) prospective cohort study; (3) at least 3000
person-years of follow-up; (4) datc of birth, sex, height, weight,
blood pressure, and scrum total cholesterol recorded at baselinc; 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 present project, with
82.7% of the participants from 17 community-based cohorts and
17.3% from 4 work-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
1SSUEs.

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 variables, and 1 included no event data for either stroke or
myocardial infarction. From the remaining 10 cohorts, we excluded
participants less than 40 years of age and those 90 years of age or
older, those with unavailable examination data at 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, becausc
information on stroke events was unavailable. A final total 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 average follow-up period was 7.4
years.

Risk Factors

The JALS Coordinating Center requested individual participant data
from the collaborating investigators. Serum creatinine was measured
by Jaffe’s method in 8 cohorts, by the enzymatic method in 1 cohort,
and by both methods in 1 cohort. Serum creatinine values measured
by the enzymatic method were corrected for Japanese subjects by the
addition of 18.3 wmol/L.'> GFR was estimated with the 4-variable
Modification of Diet in Renal Disease study equation.? In accordance
with the National Kidney Foundation Kidney Disease Outcomes
Quality Initiative guidelines,'s GFR levels were classified in the
following ranges: =90, 60 to 89, and <60 mL - min™" - 1.73 m™",
Blood pressure was measurcd by a standard sphygmomanometer in
all cohorts. Mean values were used in several cohorts that measured
2 or more blood pressure values. Blood pressure levels at baseline
were classified into 4 categories (normal, prehypertension, stage |
hypertension, and stage 2 hypertension) according to the criteria of
the seventh report of the Joint National Commitiee on the Preven-
tion, Detection, Evaluation, and Treatment of High Blood Pressure. '’
Diabetes was defined as a fasting blood glucose level of
=70 mmolL, a casual blood glucosc level of =11.1 mmolL,
current use of insulin or oral medication for diabetes, and/or a history
of diabetes. Serum total cholesterol was determined enzymatically.
Information on smoking habit was obtained through a standard
questionnaire and classified as current habitual use or lack thereof.

End Points

In cach cohort, vital status and the development of CVD were
ascertained during follow-up by use of death certificates, hospital
medical records, and/or guestionnaire surveys. All outcomes were
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classified according to the International Classification of Diseases.
9th Revision (ICD-9). All cvents were recoded by coordinating
center staff members. CVD was defined as the development of either
stroke or myocardial infarction. Stroke was defined as an acute
disturbance of focal neurological function with symptoms that lasted
>24 hours or death caused by u stroke event (ICD-9 codes 430, 431,
433, 434, or 436). Myocardial infarction included both fatal and
nonfatal myocardial infarction, which was diagnosed by usc of an
appropriate clinical history supported by ECG changes and/or
clevations of cardiac enzymes or other biochemical markers of
myocardial injury (ICD-9 410). Only the first event of the relevant
outcome type was included in each analysis.

Statistical Analysis
The SAS sofrware package for Windows, release 9.13 (SAS Insti-
tute, Inc, Cary, NC) was used to perform all statistical analyses. The
incidence rate of each outcome for the GFR subgroups was calcu-
lated by the person-year mcthod and adjusted for the age and sex
distribution of the overall population enrolled in the CVD analysis by
the direct method, in which the subgroups and study population were
subdivided into the same set of age groups (defined by decade) and
the age- and sex-specific incidence rates were calculated within each
subgroup.'® The hazard ratios (HRs) and their 95% Cls for the
development of events werc estimated with the Cox proportional
hazards regression model. The cohort effect was adjusted as a fixed
effect by taking the study as a strata variable, 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
levels were also estimated with the Cox regression model. Trends in
relationship between blood pressure levels and the risk of events
were assessed by fitting models with a linear term for blood pressure
categories according to kidney function status, and the heterogeneity
of these relationships between kidney function status subgroups was
estimated by the addition of an interaction term of a linear term for
blood pressure levels and kidney funclion status to the relevant
model. P<0.05 was considered statistically significant in all
analyscs.

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

Results

The characteristics of the 10 cohorts examined in the present
study are shown in Table 1. 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 pmol/L, and the
frequency of GFR <60 mL - min™" - 1.73 m™* was 8.2%.
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 pressure, prehypertension, stage 1 hypertension, and
stage 2 hypertension were 19.6%. 41.8%, 26.0%, and 12.6%
for men and 24.3%, 41.0%, 24.3%. and 10.4% for women,
respectively. Similar findings were observed in subjects
enrolled 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 2 GFR =90 mL - min™" - 1.73 m™~" and
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