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Aim: The angiotensin I-converting enzyme (ACE) insertion (I)/deletion (D) polymorphism has been
reported to be implicated in susceptibility to coronary heart disease (CHD). However, this associa-
tion remains inconclusive. The purpose of this study was to clarify the association between the I/D
polymorphism of the ACE gene and the development of CHD in a Japanese general population and
investigate whether the effects of traditional risk factors on the risk of CHD are heterogeneous
among ACE genotypes.

Methods: The subjects included 2,125 community-dwelling individuals 40 years of age or older
without cardiovascular disease for whom genetic information was available. All patients were pro-
spectively followed for 19 years, and the association between the ACE polymorphism and the inci-
dence of CHD was examined based on the interactions with traditional risk factors, such as hyper-
cholesterolemia, hypertension, diabetes and smoking.

Results: A total of 161 CHD events occurred during the follow-up period. The age- and sex-adjusted
incidence of CHD was not significantly different among the genotypes (5.8, 5.2, and 6.9 per 1,000
person-years for genotypes II, ID and DD, respectively). In a stratified analysis, however, the ACE
DD genotype was found to significantly accelerate the risk of developing CHD by hypercholesterol-
emia (hazard ratio [HR]=4.50, 95% confidence interval=2.02-10.04 for hypercholesterolemia with
the DD genotype; HR=1.48, 95% CI=1.04-2.12 for hypercholesterolemia with the ID +II geno-
type; P for interaction=0.01), even after adjusting for other confounding factors, whereas no such
associations were observed for hypertension, diabetes or smoking.

Conclusions: The current findings suggest that the ACE DD genotype enhances the effect of hyper-
cholesterolemia on the development of CHD in the general Japanese population.
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Fig.1. Flow diagram of the selection of the study subjects.

CHD?*. The renin-angiotensin system has also been
acknowledged to be involved in the pathogenetic
mechanisms of CHD. The plasma activity of angio-
tensin-I converting enzyme (ACE) regulates the pro-
duction of angiotensin II, which has been shown to
promote inflammation, reactive oxygen species gener-
ation, cell proliferation/apoptosis, fibrosis and oxi-
dized lipid production®.

The ACE gene contains a polymorphism charac-
terized by either the insertion (I) or deletion (D) of a
287-base pair Alu repetitive sequence in intron 16.
The D allele of this gene site has been reported to be
associated with an increased plasma ACE activity®.
Since being first reported by Cambien ez 47, this
polymorphism has received much attention as a sus-
ceptibility gene for CHD®. On the other hand, con-
trary evidence suggesting that there is no association
between this polymorphism and the risk of CHD has
also been reported® '%. In addition, recent findings of
observational studies and clinical trials have raised the
possibility that the ACE gene polymorphism modifies
the effects of cardiovascular risk factors and their treat-
ment on the risk of CHD!"!9,

In order to clarify these issues, we established a
community-based prospective cohort study to explore
both environmental and genetic risk factors for car-
diovascular disease in Japan. The aim of this study was
to elucidate the association between the I/D polymor-
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phism of the ACE gene and the development of CHD
in a general Japanese population and investigate
whether the influence of traditional risk factors on the
risk of CHD is heterogeneous among ACE genotypes.

Methods

Study Protocol

The Hisayama Study is a prospective population-
based cohort study of cerebro- and cardiovascular dis-
eases established in 1961 in the town of Hisayama, a
suburban community adjacent to Fukuoka City, a
metropolitan area on Kyushu Island in Japan. Full
community surveys of the health status of the resi-
dents have been repeated since that time'®. In 1988, a
screening survey was performed in the town for the
present study. A detailed description of this survey has
been published previously'”. Briefly, a total of 2,742
residents 40 years of age or older (80.9% of the total
population in that age group) consented to participate
in the examination and underwent comprehensive
assessments. After excluding 102 subjects with a his-
tory of CHD or stroke and six subjects who died dur-
ing the screening period, a total of 2,634 subjects were
registered as the original cohort (Fig. 1). In this popula-
tion, 842 subjects died by 2007, of whom 605 (71.9%)
underwent autopsies. In the autopsy cases, tissue sam-
ples of the main organs, such as the brain, heart,
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lungs, liver, spleen, gastrointestinal tract and kidneys,
were formalin fixed, paraffin embedded and stored
until 2000, after which they were fresh frozen. Among
these cases, 45 patients had tissue samples not suitable
for genotyping; thus, genotyping was performed in
the remaining 560 cases. Among the deceased subjects
who did not undergo an autopsy, 112 provided blood
samples before their death. In the surviving subjects,
blood samples were gathered from 1,453 participants.
Hence, suitable paraffin-embedded tissues, fresh-fro-
zen tissues or blood samples were available for a total
2,125 subjects (866 men and 1,259 women, 80.7% of
the original cohort), who were then selected for ACE
gene I/D genotyping and enrolled in the present anal-
ysis.

Follow-up Survey

The subjects were followed prospectively for 19
years, from December 1988 to November 2007, using
repeated health examinations. The health status of
subjects who did not undergo regular examinations or
who moved out of the town was checked yearly by
mail or telephone. We also established a daily moni-
toring system incorporating the study team and local
physicians or members of the town’s Health and Wel-
fare office. When CHD was diagnosed or suspected,
physicians on the study team examined the subject
and evaluated his/her detailed clinical information.
The clinical diagnosis of CHD was made based on the
patient’s history, physical examination findings and
ancillary laboratory examination data. Furthermore,
when a subject died, an autopsy was performed at the
Department of Pathology at Kyushu University. There
was no true loss to follow-up during the follow-up
period (autopsy rate: 71.9%).

Definition of Coronary Heart Disease

The criteria for a diagnosis of CHD included
first-ever acute myocardial infarction, silent myocar-
dial infarction, sudden cardiac death within one hour
after the onset of acute illness or coronary artery dis-
ease followed by coronary artery bypass grafting or
angioplasty'®?”. Acute myocardial infarction was diag-
nosed in subjects who met at least two of the follow-
ing criteria: (1) typical symptoms, including pro-
longed severe anterior chest pain; (2) abnormal cardiac
enzymes more than twice the upper limit of the nor-
mal range; (3) evolving diagnostic electrocardiographic
changes; and (4) morphological changes, including
local asynergy of cardiac wall motion on echocardiog-
raphy, persistent perfusion defects on cardiac scintig-
raphy and/or myocardial necrosis or scars 21 cm long
accompanied by coronary atherosclerosis at autopsy.

41

Silent myocardial infarction was defined as myocardial
scarring without historical indications of clinical symp-
toms or abnormal changes in cardiac enzymes. The
clinical diagnosis was corrected according to the
autopsy findings when necessary.

Definition of the ACE Polymorphism

Extraction of DNA from the blood samples and
fresh-frozen tissue samples was performed as described
previously, respectively???. The ACE I/D genotype
was determined using the polymerase chain reaction
method, as described by Evans et 4/??. For paraffin-
embedded tissues, DNA was extracted using an auto-
matic nucleic acid isolation system (NA-2000; Kurabo
Inc., Osaka, Japan), and the ACE I/D genotype was
determined using the double polymerase chain reac-
tion method?”. The accuracy of these genotyping
methods was demonstrated in our previous study??.

Risk Factor Measurement

At baseline, each participant completed a self-
administered questionnaire covering their medical his-
tory, treatment for hypertension or diabetes, alcohol
intake and smoking and exercise habits. The question-
naires were reviewed by trained interviewers at the
time of screening. Smoking and alcohol intake were
classified as currently habitual or not. Subjects engag-
ing in sports or other forms of exertion 23 times a
week during their leisure time made up the regular
exercise group. Blood pressure was measured three
times using a standard mercury sphygmomanometer
in the sitting position after at least five minutes of rest.
The mean of the three measurements was used for the
analysis. Hypertension was defined as a blood pressure
of 2140/90 mmHg and/or the current use of antihy-
pertensive agents. Body height and weight were mea-
sured in light clothing without shoes, and the body
mass index (kg/m?) was calculated. Obesity was
defined as a body mass index of 225 kg/m?®. Electro-
cardiogram abnormalities included left ventricular
hypertrophy (Minnesota Code, 3-1), ST depression
(4-1, 2, 3) or atrial fibrillation (8-3). The blood sam-
ples were collected from the antecubital vein after an
overnight fast to determine the lipid and blood glu-
cose levels. The serum total cholesterol concentrations
were determined enzymatically. Hypercholesterolemia
was defined as a serum cholesterol level of 25.69
mmol/L (220 mg/dL). The plasma glucose levels were
measured based on the glucose oxidase method. Dia-
betes was defined according to the criteria recom-
mended by the American Diabetes Association, in
addition to a medical history of diabetes, using 75 g
oral glucose tolerance tests in 1,992 subjects (93.7%)%)
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Table 1. Clinical characteristics of the study population according to the ACE genotype in 1988

ACE genotype
Variable I D DD p value
for trend
(n=918) (n=927) (n=280)
Age,y 5911 6012 6011 0.06
Men, % 40.3 41.8 38.2 0.80
Systolic blood pressure, nmHg 133+21 134%22 135%21 0.44
Diastolic blood pressure, mmHg 7812 77+11 7811 0.62
Antihypertensive medication, % 13.1 14.7 14.8 0.22
Hypertension, % 39.2 41.4 42.6 0.24
Diabetes, % 9.8 12.1 13.1 0.06
Serum total cholesterol, mmol/L 5.33+1.09 5.37+1.05 5.39+1.10 0.32
Hypercholesterolemia, % 36.2 36.1 33.4 0.42
Body mass index, kg/m? 23.0£3.2 22.7%3.1 22.8%3.1 0.37
Obesity, % 24.2 22.6 225 0.54
Electrocardiogram abnormalities, % 17.0 15.6 17.8 0.93
Smoking habits, % 24.9 23.2 25.6 0.63
Alcohol intake, % 30.0 29.7 31.3 0.70
Regular exercise, % 9.4 11.4 13.7 0.03

ACE, angiotensin I-converting enzyme; HDL, high-density lipoprotein.

The values are presented as the mean + standard deviation or percentage.

and the fasting and postprandial glucose concentra-
tions in the 133 remaining subjects.

Statistical Analysis

The SAS computer package version 9.3 (SAS
Institute Inc., Cary, NC, USA) was used for all statis-
tical analyses. The age- and sex-adjusted mean values
of the possible risk factors were calculated and tested
according to the analysis of covariance method, and
trends in these parameters across the ACE polymor-
phisms were tested using a multiple regression analy-
sis. The frequency of each risk factor was adjusted for
age and sex using the direct method, and trends were
examined using a logistic regression analysis. The inci-
dence of CHD was calculated according to the per-
son-year method and adjusted for age and sex using
the direct method with 10-year age groups. Differ-
ences in the incidence of CHD between the subjects
with and without the ACE genotype were analyzed by
means of a Cox proportional hazards regression analy-
sis after adjusting for age and sex. Cumulative inci-
dence curves for CHD were estimated according to
the Kaplan-Meier method, and differences in inci-
dence were assessed using the log-lank test. Age- and
sex-adjusted or multivariable-adjusted hazard ratios
(HRs) and 95% confidence intervals (Cls) were also
estimated using a Cox proportional hazards model.
The interactions in the associations between sub-
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groups were tested by adding a multiplicative interac-
tion term to the relevant Cox model. Two-tailed p val-
ues of <0.05 were considered to be statistically signifi-
cant in all analyses.

Ethics Approval

This study was conducted with the approval of
the Kyushu University Institutional Review Board for
Clinical Research. Written informed consent for med-
ical research was obtained from each participant or
their family members if deceased.

Results

The frequency of each ACE genotype was 43.2%
for 11, 43.6% for ID and 13.2% for DD; these geno-
type frequencies were in agreement with the Hardy-
Weinberg equilibrium (chi-square, 2.14; df; 2; p=
0.66) and are similar to those found in previous stud-
ies of Japanese populations? ?”. Table 1 shows the
baseline clinical and demographic characteristics of
the study subjects according to the ACE genotypes of
II, ID and DD. The frequency of regular exercise was
higher in the subjects with the DD genotype than in
those with the ID or II genotype. There was no evi-
dence of differences in the mean values or frequencies
of other risk factors across the ACE genotypes.

During the 19-year follow-up period, 161 first-
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Table 2. Age- and sex-adjusted incidence and adjusted HR for coronary heart disease according to the ACE genotype in the 2,125

subjects during the 19-year follow-up period

ACE Person- No. of Age- alnd .sex-adjusted Age- and sex-adjusted Multivariable-adjusted” ACE genotype Multivariable-adjusted”
years incidence - 4
genotype rik | Cvenss (per 1,000 PY9) HR(95%CI)  pvalue HR(95% CI)  pvalue and interaction HR (95% CD)  p value
)it 14,890 68 5.8 1.00 (reference) 1.00 (reference) )i 1.00 (reference)
1D 14,963 66 52 0.85 (0.61-1.19) 0.35 0.85 (0.60-1.20) 0.36 ID 0.69 (0.44-1.08) 0.10
DD 4,507 27 6.9 1.18 (0.76-1.85) 0.46 1.18 (0.75-1.85) 0.47 DD 0.60 (0.29-1.23) 0.16
INT (ID x HC) 1.60 (0.80-3.19)  0.19
INT (DD x HC) 3.33 (1.30-8.56)  0.01
II+ID 29,853 134 5.5 1.00 (reference) 1.00 (reference) II+ID 1.00 {reference)
DD 4,507 27 6.9 1.29 (0.85-1.95) 0.23 1.28 (0.85-1.95) 0.24 DD 0.72 (0.36-1.44) 0.36
INT (DD x HC) 2.63 (1.10-6.32)  0.03
I 14,890 68 5.8 1.00 (reference) 1.00 (reference) 1T 1.00 (reference)
DD+ID 19,470 93 5.6 0.93 (0.68-1.27) 0.63 0.93 (0.67-1.28) 0.64 DD+ID 0.70 (0.46-1.07) 0.10
INT (DD+IDxHC) 1.88(0.99-3.58)  0.06
I 44,743 202 5.6 1.00 (reference) 1.00 (reference) I 1.00 (reference)
D 23,977 120 5.8 1.03 (0.82-1.29) 0.80 1.03 (0.82-1.30) 0.79 D 0.75 (0.54-1.03) 0.07
INT (DxHC) 1.89 (1.20-2.99)  0.006

ACE, angiotensin I-converting enzyme; PYs, person-years; HR, hazard ratio; CI, confidence interval; HC, hypercholesterolemia; INT, interaction term

In the analysis of the I/D allele, the number of subjects and events was counted twice.

2) The risk estimates were adjusted for age, sex, hypertension, diabetes, hypercholesterolemia, obesity, electrocardiogram abnormalities, smoking, alcohol intake and regular exercise.

ever CHD events (98 men and 63 women) were
noted. As shown in Table 2, the age- and sex-adjusted
incidence of CHD (per 1,000 person-years) was 5.8,
5.2 and 6.9 for the ACE genotypes II, ID and DD,
respectively. There were no significant differences in
the age- and sex-adjusted HRs for the development of
CHD among the ACE genotypes. These associations
remained substantially unchanged following adjust-
ment for age, sex, ACE genotype, hypercholesterol-
emia, hypertension, diabetes, obesity, electrocardio-
gram abnormalities, smoking, alcohol intake and reg-
ular exercise. The same was true for the analysis of a
genetic inheritance pattern of the recessive or domi-
nant genotype as well as the analysis of the I/D allele.
In addition, we investigated the interactions between
the cardiovascular risk factors and the ACE genotype
with respect to the development of CHD. The inter-
action terms between hypercholesterolemia and the
ACE genotypes, except for the dominant genotype,
were significant (Table 2). On the other hand, there
was no evidence of a significant interaction regarding
the extent of the effect of other cardiovascular risk fac-
tors, namely age, sex, hypertension, diabetes, obesity,
smoking, alcohol intake and regular exercise, between
the two ACE genotype subgroups (all p values for
interaction >0.11).

Next, we compared the influence of the cardio-
vascular risk factors on the development of CHD
among the subgroups of the ACE genotype (II+ID
and DD), as individuals with the DD genotype have

43

been reported to exhibit an increased plasma ACE
activity®. When the current subjects were divided into
four groups according to the ACE genotype and
hypercholesterolemia, the cumulative incidence of
CHD was found to be significantly higher in the sub-
jects with the DD genotype and hypercholesterolemia
than in those with the II+ID genotypes and non-
hypercholesterolemia (Fig. 2). As shown in Fig. 3, after
adjusting for the aforementioned confounding factors,
hypercholesterolemia was found to be significantly
associated with a 1.53-fold (95% CI 1.06-2.20) higher
risk of incident CHD in the subjects with the II+ID
genotypes, whereas this risk factor exerted much
greater influence in the subjects with the DD geno-
type (HR 4.02, 95% CI 1.79-9.02; p for interac-
tion=0.03). When the serum total cholesterol levels
were used as a continuous variable in the analysis,
every 1 mmol/L increment in the serum total choles-
terol level was identified to be associated with a 1.16-
fold (95% CI, 0.98-1.36) higher risk of CHD in the
subjects with the II+ID genotypes and a 1.78-fold
(95% CI, 1.29-2.45) higher risk in those with the DD
genotype (p for heterogeneity=0.02). Similar findings
were observed in the analysis of the I/D allele (Sup-
plementary Fig.1), whereas no significant interac-
tions were observed in the analysis of the ID+DD/II
genotypes (Supplementary Fig. 2).

We also performed a sensitivity analysis using the
data for sudden cardiac death within 24, rather than
one, hours after the onset of acute illness. Conse-
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Fig.2. Cumulative incidence of coronary heart disease according to the ACE genotype and cho-
lesterol levels in the 2,125 subjects during the 19-year follow-up period.

ACE, angiotensin I-converting enzyme; HC, hypercholesterolemia
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quently, the findings were not altered substantially
(Supplementary Table 1 and Supplementary Fig. 3).

Discussion

In the present study, there was no evidence of a
significant association between the I/D polymorphism
of the ACE gene and the risk of CHD. However, the
magnitude of the effect of hypercholesterolemia on
the risk of incident CHD was greater in the subjects
with the DD genotype than those with the II+ID
genotypes. To our knowledge, this is the first popula-
tion-based prospective study to assess the interaction
between the ACE polymorphism and hypercholester-
olemia in patients with incident CHD.

Since the first report by Cambien et 4/. published
in 19927, the DD genotype has been investigated as a
potential CHD risk factor®. However, large cohort
studies” % and subsequent meta-analyses have failed
to confirm this association® ??. In addition, both
studies supporting these findings as well as question-
ing the veracity of the association have been pub-
lished, resulting in uncertainty regarding the impor-
tance of this polymorphism. The present study also
failed to confirm a significant association between the
DD genotype of the ACE gene and an increased risk
of incident CHD. Therefore, it may be said that there
is no strong evidence to date to indicate that the DD
genotype of the ACE gene is a significant risk factor
for the development of CHD. This finding may
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reflect the relatively modest influence of the I/D poly-
morphism of the ACE gene itself on the risk of CHD.

In the present study, the observed differences in
the magnitude of the association between hypercho-
lesterolemia and the risk of CHD between the ACE
genotypes were unexpected and may have been due to
chance. However, we believe that these results repre-
sent a real difference, since similar heterogeneity of
influence was observed in the analysis using the serum
cholesterol level as a continuous variable. Several epi-
demiological studies have also demonstrated an inter-
action between the I/D polymorphism of the ACE gene
and metabolic risk factors on the risk of CHD "%, In
addition, the results of a clinical trial conducted
among 429 patients with coronary atherosclerotic
lesions and hypercholesterolemia showed that the
administration of cholesterol-lowering therapy with
statins achieved a greater reduction in the plasma cho-
lesterol levels and exhibited more significant preven-
tive effects against the progression of coronary athero-
sclerosis in the subjects with the DD genotype than in
those with the II and ID genotypes, suggesting that
the I/D polymorphism of the ACE gene modifies the
effectiveness of cholesterol-lowering therapy in ame-
liorating the risk of CHD'. On the other hand,
recent findings concerning the influence of the ACE
genotype with respect to the effects of cholesterol-low-
ering therapy on the risk of CHD are diverse®> 3V,
Therefore, further validation studies are needed to
clarify this issue.
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Fig.3. Comparison of the effects of traditional cardiovascular risk factors on the development of coro-
nary heart disease between the subgroups of the ACE DD/ID +1I genotypes.

a) The risk estimates were adjusted for age, sex, hypertension, diabetes, hypercholesterolemia, obesity, electrocar-
diogram abnormalities, smoking, alcohol intake and regular exercise. The variable relevant to the subgroup was

excluded from each model.

ACE, angiotensin I-converting enzyme; CI, confidence interval

Existing evidence does not indicate a clear bio-
logically plausible mechanism explaining the associa-
tion observed in this study. However, several experi-
mental studies have indicated that there is an interac-
tion between the products of the ACE enzymatic activ-

ity (e.g., angiotensin II and bradykinin) and low-den-
sity lipoprotein (LDL) cholesterol peroxidation?%,
Under hyperlipidemic conditions, angiotensin II has
been found to promote the oxidation of LDL choles-
terol and upregulation of its receptor and lectin-like
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oxidized LDL receptor-1 (LOX-1) in human coronary
artery endothelial cells®”. At the same time, oxidized
LDL cholesterol increases the angiotensin II expres-
sion® and angiotensin II type 1 receptor expression”
and decreases the vasodilator reactivity of bradykinin
in vitro®. This vicious feedback cycle may contribute
to the initiation and progression of atherosclerosis.
Since ACE is a key factor in the regulation of vasocon-
strictor angjotensin II and vasodilator bradykinin and
the D polymorphism of the ACE gene increases the
ACE activity in the plasma® and inflammatory cells®?,
it is reasonable to suppose that the differences in the
plasma and local tissue concentrations of the products
of the ACE activity among ACE genotypes affect LDL
cholesterol peroxidation, endothelial-cell LDL uptake®”,
the foam cell activity® and thus the subsequent sever-
ity of coronary atherosclerosis®”. Therefore, the D
polymorphism may enhance the effect of hypercholes-
terolemia on the risk of incident CHD. The strengths
of this study include the longitudinal population-
based design, long duration of follow-up and accuracy
of the diagnosis of incident CHD. However, some
limitations should also be noted. First, there may have
been selection bias in the study population. Compared
with the 2,125 study subjects for whom genotype
information was available, the 509 subjects excluded
from the study for whom no DNA samples were avail-
able were younger (56 versus 60 years of age, p<0.01)
and included a greater proportion of men (45.0% ver-
sus 40.8%, p=0.02). When adjustments were made
for age and sex, the subjects without genomic infor-
mation had a greater incidence of prevalent diabetes
(17.1% versus 11.2%, p=0.03) and hypertension
(49.8% versus 40.5%, p<0.01). However, no signifi-
cant differences were observed between the two groups
in terms of the other risk factors, including the serum
total cholesterol levels (5.29 versus 5.36, p=0.6) and
incidence of CHD (5.1 versus 5.7 per 1,000 person-
years, p=0.7). Second, the present analysis lacked
information on medications, such as statins and ACE
inhibitors, that affect cholesterol metabolism and the
ACE activity. Importantly, these medications were
rarely used in Japan in the 1980’ and the early 19907,
and this limitation thus does not appear to have the
potential to alter our findings.

In conclusion, in this prospective population-
based study, we found that the DD genotype increases
the effects of hypercholesterolemia on the occurrence
of CHD. This knowledge may lead to the application
of non-invasive screening for individuals at high risk
for CHD, an additional means of preventing the pre-
mature development of CHD, and development of
targeted interventional strategies based on each sub-
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jects ACE genotype, thereby dramatically reducing
both the incidence and lethality of this disease. The
current findings indicate that strict and immediate
management of hypercholesterolemia should be con-
sidered, especially in subjects with the DD genotype,
as an effective means of preventing the development
of CHD in Japan, where the prevalence of hypercho-
lesterolemia has increased rapidly in recent years.
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Risk factors N of events/subjects quer Hi:gher i HR » P p value .for
Factor (+) Factor (-) risk risk (95%CDH ¥ value interaction
Age >65 years (vs. <65 years) '
'
I 101/874  101/1889 . 3.00 (2.26-3.98) <0.001 0.66
D 69/516 514971 N --— 3.33 (2.31-4.81) <0.001 :
f
€
Men (vs. women) t
1 126/1130  76/1633 . 3.06 (2.21-4.24) <0.001 0.43
D 70/602  50/885 , - 2.59 (1.75-3.84) <0.001 '
'
¥
Hypercholesterolemia (vs. no) :
’ ¢ 1 -
1 79/1.009 12%/1754 - 1.42 (1.06-1.91)  0.02 0.006
D 65/525  55/962 ' —m- 260 (1.863.88) <0.001
‘
Hypertension (vs. no) :
I 112/1093  90/1670 .- 1.33 (1.01-1.77) <0.05 0.70
D 74/629 46/858 - 1.46 (1.01-2.12) <0.05 ’
'
t
Diabetes (vs. ne) '
I 43/291 15972472 L 2.01 (1.43-2.82) <0.001 0.76
D 31/187 89/1300 :"*" 1.85 (1.22-2.79) 0.004 ’
;
Obesity (vs. no) '
1 55/653  145/2108 - 120 (087-165) 027 040
D 31335 89/1152 —-— 1.24 (0.82-1.88)  0.31 '
;
Smoking habits (vs. no) :
I 69/646  133/2117 - 142 (104199 003
D 417336 79/1151 : - 1.56 (1.05-2.31) 0.03 ’
t
Drinking habits (vs. no) :
¢
I 68/804  134/1955 .- (.85 (0.61-1.18) 0.34 0.96
D 40/428 80/1057 —-"' 0.84 (0.56-1.27) 041 .
'
Regular exercise (vs. no) :
i
I 25/271 17572488 "‘-"‘ 0.90 (0.59-1.37) 0.62 0.29
D 13/183  107/1304 “‘“T 0.61 (0.34-1.10)  0.10 -
0.1 10 10.0
Supplementary Fig. 1.
Comparison of the effects of traditional cardiovascular risk factors on the development of coronary heart
disease between the subgroups of the ACE D/I allele.
In the analysis of the I/D allele, the number of subjects and events was counted twice.
a) The risk estimates were adjusted for age, sex, hypertension, diabetes, hypercholesterolemia, obesity, electrocardio-
gram abnormalities, smoking, alcohol intake and regular exercise. The variable relevant to the subgroup was
excluded from each model.
ACE, angiotensin I-converting enzyme; CI, confidence interval
24166(1)1008
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N of events/subjects Lower Higher HR p  pvalue for

Risk factors Factor (+) Factor () risk risk (95%CI) @ value interaction

Age >65 years (vs. <65 years)

1
1
il 311272 37/646 : i 2.83 (1.74-4.60) <0.001 0.58
DD+ID 547423 39/784 ! —~— 338(222-5.15) <0.001 "~
1
[
Men (vs. women) :
I 40/372 28/546 P —a— 2.74 (1.60-4.68) <0.001 0.7
DD+ID 58/494 35/713 : = 298 (1.87-4.78) <0.001 ’
1
Hypercholesterolemia (vs. no) i
I 25/337 45/581 ..%'.... 1.20 (0.72-1.99)  0.48 0.06
DD+ID 47/430 46/777 1 il 2.26 (1.48-3.46) <0.001 ’
!
i
Hypertension (vs. no) :
I 36/351 32/567 ":""' 1.36 (0.84-2.20) 22 0.91
DD+ID 57/510 36/697 L 1.41 (0.91-2.16)  0.12 ’
!
1
Diabetes (vs. no) 1
11 14/89 54/829 : e il— 2.23 (1.24-4.03)  0.01 0.59
DD+HID 23/150  70/1057 :"'""' 1.81 (1.12-2.91)  0.02 '
1
Obesity (vs. no) :
I ; 18/222 49i69§ -"P—' 1.10 (0.63-1.91) 0.74 0.65
DD+ID 250272 68/935 - 1.30 (0.81-2.08)  0.28
t
!
Smoking habits (vs. no) X
I 23/220 45/698 - 1.35 (0.79-2.29) 027
DD+ID 32271 61/936 "“"“, 1.55 (0.98-2.45)  0.06 0.67
1
Drinking habits (vs. no) :
il 22/269 46/647 “":"‘ 0.79 (0.46-1.38)  0.41
" =y e o 0.74
DD+ID 32/347 61/859 X 0.89 (0.55-143) 0.62
1
Regular exercise (vs. no) :
I 9/83 58/833 —— 1.01 (0.49-2.05)  0.99 038
DD+ID 10/144  83/1063 '”"""“"3"" 0.65 (0.33-1.26) 0.22 )
0.1 10 10.0
Supplementary Fig. 2.

Comparison of the effects of traditional cardiovascular risk factors on the development of coronary heart
disease between the subgroups of the ACE DD +ID/II genotypes.

a) The risk estimates were adjusted for age, sex, hypertension, diabetes, hypercholesterolemia, obesity, electrocardio-
gram abnormalities, smoking, alcohol intake and regular exercise. The variable relevant to the subgroup was

excluded from each model.
ACE, angiotensin I-converting enzyme; CI, confidence interval
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Supplementary Table 1.
Age- and sex-adjusted incidence and adjusted HR for coronary heart disease according to the ACE genotype in the 2,125 subjects
during the 19-year follow-up period

ACE Person- No. of Age- a'ndisex-adjustcd Age- and sex-adjusted Multivariable-adjusted ® ACE genotype Multivariab[c—adjusteda)
years incidence . .
gemotype sk Ve (per 1,000 PYs) HR (95% CI)  p value HR(95% CI)  pvalue and interaction HR (95% CI)  p value
I 14,890 69 5.9 1.00 (reference) 1.00 (reference) 11 1.00 (reference)
D 14963 66 5.2 0.84 (0.60-1.18) 031 0.83 (0.59-1.17)  0.29 ID 0.70 (0.45-1.10)  0.12
DD 4,507 28 7.1 1.21(0.78-1.88)  0.39 1.18 (0.76-1.84)  0.46 DD 0.68 (0.34-1.36)  0.28
INT (ID x HC) 1.50 (0.75-2.99)  0.25
INT (DD x HC) 2.95 (1.18-7.37) 0.03
+ID 29,853 135 5.5 1.00 (reference) 1.00 (reference) II+ID 1.00 (reference)
DD 4,507 28 7.1 1.33 (0.88-1.99) 0.17 1.30 (0.87-1.96) 0.21 DD 0.82 (0.42-1.58) 0.55
INT (DD x HC) 240 (1.03-5.61)  0.04
11 14,890 69 5.9 1.00 (reference) 1.00 (reference) T 1.00 (reference)
DD+ID 19470 94 5.6 0.92 (0.68-126)  0.62 0.91 (0.67-125)  0.57 DD+ID 0.70 (0.46-1.06)  0.09
INT(DD+IDxHC) 1.84(0.98-3.48) 0.06
1 44,743 204 5.6 1.00 (reference) 1.00 (reference) I 1.00 (reference)
D 23,977 122 5.9 1.04 (0.83-1.30) 0.75 1.03 (0.82-1.29) 0.81 D 0.79 (0.57-1.08) 0.13

INT (DxHC) 1.79 (1.14-2.82)  0.02

ACE, angiotensin I-converting enzyme; PYs, person-years; HR, hazard ratio; CI, confidence interval; HC, hypercholesterolemia; INT; interaction term
In the analysis of the I/D allele, the number of subjects and events was counted twice.
a) The risk estimates were adjusted for age, sex, hypertension, diabetes, hypercholesterolemia, obesity, electrocardiogram abnormalities, smoking, alcohol intake and regular exercise.
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N of events/subjects Lower Higher HR p p value for

Risk factors Factor (+)  Factor (-) risk risk (95%CI)®  value interaction

Age >65 years (vs. <65 years)

1
i
II+ID 70/602 65/1243 P 2.97 (2.07-4.25) <0.001 0.83
DD 15/93 13/187 | el 2.72 (1.28-5.77)  0.009 ’
i
Men (vs. women) :
II+ID 87/758 48/1087 V- 3.17(2.07-4.85) <0.001 0.16
DD 13/108 15/172 e 1.77 (081-3.87)  0.15 ’
1
Hypercholesterolemia (vs. no) X
ty e ; i
II+ID 55/672 80/1173 ! 1.49 (1.04-2.149)  0.03 0.04
DD 18/95 10/185 | g 359 (1.63-7.87)  0.002
i
1
Hypertension (vs. no) :
k]
II+1ID 77/742 58/1103 Lo 1.38 (0.95-1.99)  0.09 0.75
DD 17/119 11/161 ._.:...*._.._. 1.57 (0.73-3.40) 0.25 ’
1
1
Diabetes (vs. no) :
; i
II+ID 30/202 }05/1633 fp— 1.98 (1.31-2.99) 0.002 0.88
DD 8/37 20/243 — 1.84 (0.80-4.21) 0.15
1
i
Obesity (vs. no) :
i
S S 1
6/63 2 ST S— .04 (0.42-2.60) .
¥
i
Smoking habits (vs. no) :
II+1ID 47/426 88/1419 : 1.53 (1.04-227)  0.03
e
DD 10/65 18/215 —— 1.91 (0.86-4.26) 0.11 062
i
Drinking habits (vs. no) '
i
II+ID 47/535 88/1308 ] 0.89 (0.59-1.33) 0.56 <
—— 0.75
/, -
DD 9/81 19/198 ! 0.77 (0.34-1.77)  0.54
1
Regular exercise (vs. no) :
II+ID 16/188 118/1655 : 0.85 (0.50-1.44) 0.53 038
DD 3/39 25/241 .' 0.47 (0.14-1.57) 0.22 ’
[N W -
i
0.‘1 1:0 10,.0
Supplementary Fig. 3.

Sensitivity analysis of the data for sudden cardiac death within 24 hours to compare the effects of tradi-
tional cardiovascular risk factors on the development of coronary heart disease between the subgroups
of the ACE DD/ID +1I genotypes.

a) The risk estimates were adjusted for age, sex, hypertension, diabetes, hypercholesterolemia, obesity, electro-
cardiogram abnormalities, smoking, alcohol intake and regular exercise. The variable relevant to the subgroup
was excluded from each model.

ACE, angiotensin [-converting enzyme; CI, confidence interval
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Background: No previous population-based studies have examined secular trends in the incidence of intracerebral
hemorrhage (ICH) by its location.

Methods and Resulffs: We established 3 cohorts consisting of residents of Hisayama, Japan, aged =40 years
without a history of stroke or myocardial infarction in 1961 (the first cohort, n=1,618), in 1974 (the second cohort,
n=2,038), and in 1988 (the third cohort, n=2,637). Each cohort was followed for 13 years. The age- and sex-adjust-
ed incidence of ICH significantly declined from the first to the second cohort and showed no further change in the
third cohort. With regard to the ICH location, the incidence of putaminal hemorrhage decreased steadily, mainly in
subjects aged 60-69 years, whereas the incidence of thalamic hemorrhage increased, especially in those aged 270
years. Both hypertension and alcohol intake were strong risk factors for ICH in the first cohort, but their influence
declined with time. Blood pressure levels in hypertensive subjects decreased significantly, and the proportion of
current drinkers decreased slightly over the study period.

Conclusions: Our findings suggest that the ICH incidence steeply declined from the 1960s to the 1970s in Japan
as a result of the reduced influence of hypertension and alcohol intake, but that this decline has leveled off since

ORIGINAL ARTICLE
Epidemiology

then, probably because of the increased incidence of thalamic hemorrhage in the elderly in recent years.

78: 403-409)

(Circ J 2014,
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mon type of stroke and has high morbidity and mortali-

ty.'* Asian populations, especially Japanese, have been
characterized by a higher incidence of ICH than other ethnic
groups.**! Brain imaging modalities such as computed tomog-
raphy (CT) and magnetic resonance imaging (MRI) are useful
tools for diagnosing ICH and its location, but their use was not
widespread until the 1970s. Therefore, the most reliable pop-
ulation-based data regarding ICH incidence were established
in the 1980s or later.® Some population-based studies have
examined secular trends in the incidence and survival of ICH,
but their results are inconsistent.'*#5 In addition, several stud-
ies have examined the distribution or incidence of ICH by its

I ntracerebral hemorrhage (ICH) is the second most com-

location,®81%-2% but none has observed long-term trends in lo-
cation-specific incidence in general populations.

Editorial p315

We have previously reported that the incidence of ICH de-
clined steeply from the 1960s to the 1970s, but showed no
further change in the 19805 and 1990s, based on data from the
Hisayama Study, a population-based cohort study in Japan.*
As the elderly population has been rapidly increasing in Japan,
and the prevalence of cardiovascular risk factors has been
changing over time, detailed analysis of the ICH incidence and
survival by location is considered to be useful for reducing the
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Talle 1. Mean (Standard Deviation) or Prevalence of Cardiovascular Risk Factors at Baseline Among 3
Cohorts of the Hisayama Study

1st cohort 2nd cohort 3rd cohort P value for

(n=1,618) (n=2,038) (n=2,637) trend
Age, years 56 (11) 57 (12) 59 (12) <0.001
Women, % 56.4 58.1 57.9 0.39
Hypertension, % 37.9 427 416 0.42
Antihypertensive agents, % 22 8.4 15.0 <0.001
Systolic BP, mmHg* 162.1 (20.6) 160.2 (20.1) 153.3 (18.2) <0.001
Diastolic BP, mmHg* 89.7 (11.7) 86.2 (11.2) 82.2 (11.0) <0.001
Hypercholesterolemia, % 5.1 17.3 35.9 <0.001
Total cholesterol, mmol/L 4.1 (1.0) 4.9 (0.9) 5.3(1.1) <0.001
Glucose intolerance, % 8.0 10.5 35.2 <0.001
Obesity, % 10.5 16.9 23.4 <0.001
Body mass index, kg/m? 21.6(2.7) 22.2 (3.1) 22.8 (3.2) <0.001
Current drinker, % 34.9 30.1 30.5 0.006
Current smoker, % 427 36.9 25.0 <0.001

Values are given as the mean (standard deviation) or as percentage. *Mean systolic and diastolic BPs among hyper-

tensive subjects in each examination.
BP, blood pressure.

Figure 1.

the first cohort, 1 for the second).

1st cohort 2nd cohort 3rd cohort
(1961-1974 ) (1974-1987 ) ( 1988-2001 )
n=35 n=32 n=53
9% 6% 4%

| Subcortex

Distribution of hematoma location among patients with intracerebral hemorrhage in 3 cohorts of the Hisayama Study,
with a 13-year follow-up for each cohort. Patients with no morphological brain evaluations were excluded from the analysis (8 for

Pon Others

| Cerebellum | |

burden of ICH in the future. It was therefore our intent to ex-
amine long-term trends in location-specific incidence and sur-
vival of ICH in our population.

Methods

Study Population

The town of Hisayama is a suburban community adjacent to
Fukuoka City, a metropolitan area in Kyushu, Japan. The pop-
ulation of the town has been stable over the past 50 years and
was approximately 8,400 in 2010. Health examinations of the
residents have been carried out annually since 1961. The study
design has been previously described in detail.* Briefly, we
established 3 study cohorts from Hisayama residents aged 240
years in 1961, 1974, and 1988 after the screening examinations.

Circufation Journg!

In 1961, a total of 1,658 subjects in that age group participated
in the screening examination (participation rate, 90.1%). After
the exclusion of 28 subjects with a history of stroke or myocar-
dial infarction (MI) and 12 who died or moved out of town
during the examination, 1,618 subjects were enrolled as the
first cohort. Similarly, after excluding subjects with a history of
stroke or M1, we established the second cohort, which con-
sisted of 2,038 subjects from 2,135 participants (participation
rate 81.2%), in 1974, and then the third cohort of 2,637 subjects
from 2,742 participants (participation rate 80.9%) in 1988. Each
cohort was followed based on the repeat health examinations
or by mail or telephone for any subjects who did not undergo a
regular examination or who moved out of town. We also estab-
lished a daily monitoring system among the study team, local
physicians, and members of the town’s Health and Welfare
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(1961-1974)
(19,681 PY)

Total intracerebral hemorrhage

No. of events 43

Incidence (crude) 2.18

Incidence (adjusted)’ 2.03
Putamen

No. of events 26

Incidence (crude) 1.32

Incidence (adjusted)t 117
Thalamus

No. of events 3

Incidence (crude) 0.15

Incidence (adjusted)? 0.16
Subcortex

No. of events 2

Incidence (crude) 0.10

Incidence (adjusted)* 0.07
Pons

No. of events 1

Incidence (crude) 0.05

Incidence (adjusted)t 0.08
Cerebellum

No. of events 3

Incidence (crude) 0.15

Incidence (adjusted)t 0.16
Other determined locations

No. of events 0

Incidence (crude) 0

Incidence (adjusted)t 0
Undetermined location

No. of evenis 8

Incidence (crude) 0.41

Incidence (adjusted)? 0.40

405
i oo oo G
2nd cohort 3rd cohort
(1974-1987) (1988-2001) fgr";:ﬁz
(25,398 PY) (32,854 PY)
33 53
1.30* 1.61 0.16
0.96* 1.14* 0.05
14 13
0.55* 0.39* <0.001
0.45" 0.40* <0.001
8 19
0.31 0.58* 0.02
0.23 0.34 0.04
4 10
0.16 0.30 0.12
0.11 0.15 0.18
2 6
0.08 0.18 0.17
0.04 0.08 0.26
3 3
0.12 0.09 0.51
0.08 0.04 0.34
1 2
0.04 0.08 0.32
0.02 0.12 0.28
1 0
0.04* 0 0.009
0.02* 0 0.008

*P<0.05 vs. the 1st cohort. tAdjusted for age and sex. There are no significant differences between the 2nd and the

3rd cohorts for all.
PY, person-years.

Office, through which we gathered information of new events
of stroke, including suspected cases. When stroke occurred or
was suspected, physicians in the study team, including the
neurologist, examined the subject and evaluated his/her detailed
clinical information. When the subjects died, autopsy examina-
tions were performed at the Department of Pathology of Ky-
ushu University. During the 13-year follow-up period for each
cohort, autopsy examinations were performed on 358 subjects
(81.9% of the deceased subjects) in the first cohort, 371 (85.9%)
in the second, and 402 (76.1%) in the third. Only 2 subjects in
the first cohort and 1 in the second were lost to follow-up.

Definition of ICH and iis Location

Stroke was defined as a sudden onset of nonconvulsive and
focal neurologic deficit persisting for >24h and was further
classified as ischemic stroke, ICH, subarachnoid hemorrhage,
or undetermined type. The diagnosis of ICH was determined
on the basis of clinical information, including brain imaging
(CT and MRI), and autopsy findings. When a patient experi-
enced recurrent stroke episodes, the first ICH event was ana-
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lyzed. During the 13-year follow-up for each cohort, the first-
ever ICH developed in 43 subjects in the first cohort, 33 in the
second cohort, and 53 in the third cohort. Of these patients,
brain imaging was conducted for 1 (2%) in the first cohort, 21
(64%) in the second cohort, and 53 (100%) in the third cohort,
and autopsy was carried out for 35 (81%), 25 (76%), and 26
(49%) patients, respectively. Consequently, morphological ex-
aminations by brain imaging and/or autopsy were available for
35 (81%), 32 (97%), and 53 (100%) patients, respectively. For
9 patients (8 in the first cohort, 1 in the second) without a mor-
phological examination, we diagnosed ICH based solely on
clinical information, including rapid evolution of focal neuro-
logical signs or coma, signs of meningeal irritation, elevated
blood pressure, headache, and frequently blood-stained cere-
brospinal fluid. The location of the ICH was classified as the
putamen, thalamus, subcortex, pons, cerebellum, other deter-
mined locations, or an undetermined location (for patients with-
out a morphological examination). When a hematoma occu-
pied =2 brain regions, the location was determined as a single
region with the largest hematoma size.
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Figure 2. Age-specific incidence of intracerebral hemorrhage (ICH) and its location among 3 cohorts of the Hisayama Study, with
a 13-year follow-up for each cohort. (&) Total ICH, (B) putaminal hemorrhage, (£) thalamic hemorrhage.
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Risk Factors

Blood pressure (BP) was measured 3 times in a supine position
at the baseline examination, and hypertension was defined as
a mean BP 2140/90 mmHg or use of antihypertensive agents.
Glucose intolerance was defined by an oral glucose tolerance
test in subjects with glycosuria in 1961, by fasting and post-
prandial glucose concentrations in 1974, and by a 75-g oral
glucose tolerance test in 1988, in addition to medical history
or treatment of diabetes. Serum cholesterol levels were mea-
sured by the modified Zak-Henly method in 1961, by the
Zurkowski method in 1974, and by the enzymatic method in
1988. Hypercholesterolemia was defined as total cholesterol
level 25.7mmol/L (220 mg/dl). Body height and weight were
measured in light clothing without shoes, and obesity was
defined as a body mass index 225.0kg/m?. Information re-
garding antihypertensive treatment, alcohol intake, and smok-
ing habits was.obtained with the use of a standard question-
naire and was categorized as current habitual use or not.

Statistical Analysis

The SAS 9.3 (SAS Institute Inc, Cary, NC, USA) was used to
perform all statistical analyses. The prevalences or mean values
of risk factors were compared among the cohorts by the logis-
tic regression or the linear regression model. The incidence of
ICH was calculated by the person-year method and adjusted for
age and sex by the direct method using the World Standard
Population, and compared among the cohorts by Cox propor-
tional hazards model. Subjects who developed ICH were also
followed up for the next 5 years, and survival rates were esti-
mated using Kaplan-Meier methods and tested with the log-
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rank test. The age- and sex-adjusted hazard ratios (HRs) and
95% confidence intervals (CIs) of risk factors for the develop-
ment of ICH were estimated by the Cox proportional hazards
model in each cohort, and the population attributable risk frac-
tion (PAF) was calculated using a formula: PAF = PD(HR-1)/
HR, where PD indicates the proportion of subjects exposed to
a risk factor. Two-sided P<0.05 was considered statistically
significant in all analyses.

Ethical Considerations

This study was conducted with the approval of the Kyushu
University Institutional Review Board for Clinical Research,
and written informed consent was given by the participants.

Results

Trends in Risk Factors

Our comparison of the prevalence and mean values of risk
factors at the 3 baseline examinations is shown in Table 1. The
prevalence of hypertension was stable among the cohorts, but
the proportion of individuals using antihypertensive agents in-
creased consistently with time. Consequently, among hyperten-
sive subjects, mean BP levels significantly decreased from the
first to the third cohort. The prevalence of glucose intolerance,
hypercholesterolemia, and obesity increased progressively with
time. The smoking rate declined linearly, and the drinking rate
decreased slightly over the study period.

Trends in ICH Incidence by Lacation
The proportional distribution of hematoma location among ICH
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Figure 3. S-year survival curves after intracerebral hemorrhage (ICH) and its location among 3 cohorts of the Hisayama Study.
(A) Total ICH, (B) putaminal hemorrhage, (€) thalamic hemorrhage. *P<0.05.

“Hemorrhage Among 3 Cohorts 'of the Hisayama Study

Tahle 3. Age- and Sex-Adgusted Hazard Rat;os (HR) of Cardwvasoular Risk Factors for Development of Total lntracerebral

1st cohort 2nd cohort 3rd cohort
HR (95% Cl) P value PAF HR (95% Cl) P value PAF HR(95% Cl) Pvalue PAF
Age, per 10 years 1.56 (1.18-2.05) 0.002 2.06 (1.51-2.81) <0.001 1.89 (1.49-2.40) <0.001
Male 4.35 (2.19-8.67) <0.001 1.82 (0.91-3.63) 0.09 1.52 (0.88-2.62) 0.13
Hypertension 9.30 (4.03-21.5) <0.001 0.75 2.38 (1.09-5.21) 0.03 0.40 2.88 (1.57-5.33) <0.001 0.46
~ Alcohol intake 2.61(1.13-6.02) 0.02 0.43 1.82 (0.76-4.40) 0.18 0.19 1.64 (0.82-3.28) 0.16 0.15
Glucose intolerance 1.29 (0.54-3.09) 0.47 0.03 2.08(0.89-4.86) 0.09 0.11 1.30 (0.76-2.25) 0.34 0.10
Current smoker 1.01 (0.49-2.08) 0.95 0.01 1.05 (0.45-2.43) 0.92 0.02 1.13 (0.57-2.24) 0.73 0.03
Hypercholesterolemia ~ 1.70 (0.52-5.53)  0.36 0.03 0.84(0.32-2.22) 073 -0.03 0.79(0.43-1.44) 044 -0.08
Obesity 0.26 (0.04-1.86) 0.18 -0.07 0.94 (0.32-2.74) 0.91 ~0.01 0.88 (0.44-1.77) 0.73 -0.03

Cl, confidence interval; PAF, population attributable risk fraction.

patients in each cohort is shown in Figure 1. The proportion of
putaminal hemorrhage decreased steadily from the first to the
third cohort. Otherwise, the proportions of thalamic, subcorti-
cal, and pontine hemorrhage increased with time.

Table 2 shows the trends in the crude as well as the age- and
sex-standardized incidences of total ICH and those by location.
The incidence of total ICH significantly declined from the first
to the second cohort and showed no further change in the third
cohort. The incidence of putaminal hemorrhage showed a sim-
ilar decreasing pattern. Conversely, the incidence of thalamic
hemorrhage increased significantly with time. The incidence
of subcortical hemorrhage increased slightly, but was not
significant.

Figure 2 demonstrates the trends in the age-specific inci-
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dences of total ICH, putaminal hemorrhage, and thalamic hem-
orrhage. The total ICH incidence showed a decreasing trend in
the age group <80 years from the first to the second cohort,
whereas the incidence in the age group aged 280 years in-
creased constantly with time. The incidence of putaminal hem-
orrhage decreased with time mainly in subjects aged 260 years.
In contrast, the incidence of thalamic hemorrhage increased,
particularly among subjects aged 270 years.

Trends in Survival of ICH by Location

As shown in Figure 3, the 5-year survival rate after ICH im-
proved steadily from the first to the third cohorts, mainly as a
result of the improvement in the 1-month survival. There were
comparable improvements in survival after putaminal and tha-
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lamic hemorrhages.

Trends in the Effect of Risk Factors on ICH

The influence of risk factors on the development of total ICH
was compared among the 3 cohorts (Table 3). In the first co-
hort, hypertension was the strongest risk factor for ICH (age-
and sex-adjusted HR 9.30, 95% CI 4.03-21.5) and strongly
contributed to its occurrence (PAF 75%). The influence of
hypertension declined in the second and third cohorts, but was
still a significant risk factor and made the largest contribution
even in the third cohort (HR 2.89, 95% CI 1.57-5.33, PAF
46%). Alcohol intake was also a significant risk factor for ICH
in the first cohort (HR 2.61, 95% C1 1.13-6.02), explaining
43% of ICH events. The effect of alcohol intake on the occur-
rence of ICH declined with time and was not significant in the
second and third cohorts.

Discussion

To our knowledge, this is the first study to examine secular
trends in the incidence and survival rates of ICH by its location.
Among 3 cohorts established at different times in a Japanese
community, the incidence of total ICH declined significantly,
mainly from the first to the second cohort. The incidence of
putaminal hemorrhage decreased with time, mainly in subjects
aged 260 years, while an increasing trend in the incidence of
thalamic hemorrhage was observed mainly in subjects aged
280 years. The S-year survival rate after ICH improved sig-
nificantly with time. Both hypertension and alcohol intake were
strong risk factors for ICH in the first cohort, but their influence
declined with time.

Although several community-based surveys of secular trends
in the ICH incidence have been conducted, the findings have
been inconsistent.'>!¥ In a study from Australia, the ICH inci-
dence decreased from 1989 to 2001.22 A study in the United
Kingdom found that the ICH incidence fell in the younger
population, with no definite change in the older subjects be-
tween 1981 and 2006." In contrast, the ICH incidence was
stable in France (between 1985 and 2004)* and in the United
States (between 1993 and 1999).1% None of these studies ob-
served the ICH incidence before the 1970s when brain imag-
ing was not in practical use. In our present study, the ICH in-
cidence decreased significantly from the 1960s to the 1970s,
but the decline leveled off thereafter. Inconsistency in the
findings from the studies may reflect different patterns in the
prevalence of cardiovascular risk factors and ethnic diversity,
as well as the different study periods.

Hypertension is the most powerful risk factor for ICH.¢-!
In our population, BP among hypertensive subjects decreased
significantly with time as a result of the increment in the use
of antihypertensive medication, though the prevalence of hy-
pertension remained stable. As a result, the influence of hyper-
tension on the development of ICH declined from the first to
the second cohort. Alcohol intake was also a significant risk
factor for ICH in the first cohort, but its influence decreased
with time. We have previously demonstrated that alcohol in-
take and hypertension increase the risk of ICH in a synergistic
manner.? The improvement in hypertension control might
therefore have resulted in the reduced influence of alcohol
intake. These changes in risk factors likely resulted in the de-
cline in ICH incidence in our population.

Several studies have found that ICH in the deep brain, such
as in the putamen or thalamus, occurs more frequently than in
other locations.5#16-17 Cross-sectional hospital-based studies
have shown that the mean age of incident thalamic hemorrhage

is higher than that of putaminal hemorrhage.>* In the present
study, the incidence of putaminal hemorrhage decreased
steadily with time, mainly in the relatively young age group
(60-69 years), whereas the incidence of thalamic hemorrhage
increased, especially in the very old subjects (280 years). Al-
though putaminal hemorrhage was the most common subtype
of ICH, occurring mainly in the relatively young subjects with
untreated hypertension in the 1960s, the improvement in hy-
pertension control has reduced the risk of putaminal hemor-
rhage and subsequent premature death of hypertensive subjects
in recent years. The prolonged longevity of hypertensive sub-
jects might increase the probability of ICH in other locations,
such as thalamic or subcortical hemorrhage, at a very old age.
The precise reasons for these findings are not clear, but the
influence of hypertension and aging on the development of
ICH may be different among its locations.? Relatively mild
but prolonged hypertension might cause degeneration of per-
forating arteries in the posterior circulation, resulting in tha-
lamic hemorrhage. In our population, the decreasing trend in
the ICH incidence has slowed since the 1980s, probably be-
cause of the increasing incidence of thalamic and subcortical
hemorrhages in the elderly.

The 5-year survival rate of ICH improved significantly with
time, mainly as a result of improvement in the first 1 month.
Improvement in hypertension control before ICH onset and
advances in the management of acute-phase ICH such as BP
control and surgical procedures are likely to have contributed
to this trend.

Study Limitations
Several should be discussed. First, the method of diagnosing
ICH has changed remarkably with advances in the diagnostic
techniques, and this change may have resulted in an inconsis-
tency of ICH diagnosis and classification among cohorts. In
this study, however, morphological evaluations by brain imag-
ing and/or autopsy were performed for most of the ICH cases,
even in the earlier cohorts. Therefore, the possibility of infor-
mation bias in ICH diagnosis and classification was minimized.
Moreover, our main conclusions did not change substantially
when we excluded ICH events without morphological evalua-
tion from the total ICH (data not shown). Second, because of
the small number of events, we could not examine the influ-
ence of risk factors on each location. Third, the numbers of
ICH events in our cohorts were relatively small, so we could
not evaluate sex-specific trends in the incidence and survival of
ICH by location. Fourth, we could not show trends in the vol-
ume of hematoma. Brain imaging such as CT and MRI is es-
sential to determine hematoma volume, but it was conducted
only for 2% of ICH patients in the first cohort and 64% in the
second cohort. Finally, we were unable to investigate the infln-
ence of antithrombotic medications, which may increase the
risk of ICH and affect its location. 242

In conclusion, our findings suggest that the incidence of
ICH steeply declined from the 19605 to the 19705 in Japan as
a result of improved hypertension control, but this decline
leveled off thereafter. The incidence of thalamic hemorrhage
showed an increasing trend, especially in the elderly in recent
years; in contrast, we observed a decreasing incidence for
putaminal hemorrhage. Our findings indicate that strict man-
agement of hypertension is still important for the prevention
of ICH, especially in the elderly Japanese population.
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