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Abstract

Background: Evaluating the risk factors for intracerebral hemorrhage is indispensable for primary prevention. However,
the pathogenesis varies depending on the bleeding site, and few prospective studies have explored risk factors in detail
for each site.

Participants and methods: The Japan Public Health Center-based Prospective Study is a prospective study comprising
a population-based sample of Japanese adults in 1990 (Cohort I) and in 1993 (Cohort Il). A total of 34,137 participants
(11,907 men and 22,230 women) were enrolled in this study and followed up until 2009 for Cohort | and until 2012 for
Cohort ll. The association between risk factors (age, sex, blood pressure, serum cholesterol, triglycerides, blood glucose,
body mass index, smoking, and drinking status) and intracerebral hemorrhage by its bleeding site (lobes, putamen,
thalamus, cerebellum, and brainstem) was assessed using Cox proportional hazards analysis.

Results: During a median 20-year follow-up, 571 intracerebral hemorrhage events occurred. Hypertension was
associated with an increased risk of total intracerebral hemorrhage, but not lobar hemorrhage. The multivariable hazard
ratio (95% confidence intervals) was 2.09 (1.75-2.50) for total intracerebral hemorrhage. In contrast, a low serum total
cholesterol level was associated only with lobar hemorrhage (1.73 (1.01-2.96)). Heavy drinking was associated with the
risk of total and putamen hemorrhage, and obesity was associated with the risk of putamen hemorrhage.

Discussion and conclusion: The present study identified different risk factors depending on the bleeding site of
intracerebral hemorrhage.
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Introduction

Spontaneous intracerebral hemorrhage (ICH) is a life-
threatening illness because effective treatments are limited
depending on its size and site. Although ICH accounts for
less than 30% of all strokes,"? the case fatality rate and the
rate of resulting disabilities are very high; ICH fatality at
1 month was about 40%, and the rate of functional inde-
pendence ranged from 12% to 39%.3 To deal with health-
care and welfare problems associated with ICH, evaluating
risk factors for primary prevention is a priority on a global
scale.*

The major risk factors for ICH include age, hyperten-
sion, high alcohol intake, and obesity.>*~'" Of these, hyper-
tension is the most important risk factor for etiology of
ICH.>”7 Low serum total cholesterol levels are another
potential risk factor for ICH.'? However, the pathogenesis,
prognosis, and operative procedure differ among bleeding
sites, and few prospective studies have characterized the
risk factors for site-specific ICH, beyond the broad classifi-
cation into two categories: deep and lobar hemorrhages."
Unlike previous studies, we decided to examine risk factors
for ICH by detailed anatomic site of hemorrhage with dif-
ferent responsible vessels as this may be important in the
search for more targeted ICH prevention measures.

To assess the risk factors of ICH, we explored the data
from the Japan Public Health Center-based Prospective
(JPHC) study, which had a large registry of stroke cases in
a single cohort of middle-aged Japanese men and women
since the 1990s. In countries where the incidence of ICH is
low, such as in the United States and Europe, such studies
are difficult to conduct, and we consider that it would be
significant to examine this topic in the Japanese population,
where ICH is more prevalent.'* We sought to investigate
the association of several risk factors with five site-specific
ICH in a large cohort of the Japanese population.

Participants and methods

Study design and population

The JPHC study is a prospective study comprising a popu-
lation-based sample of 140,420 Japanese adults (68,722
men and 71,698 women) in 1990 (Cohort I) and 1993
(Cohort II).!> Although the coverage was mainly restricted
to rural areas, its large scale, with coverage across various
regions throughout Japan, is a notable feature of this study.
Cohort I was initiated in 5 public health center areas (Iwate,
Akita, Tokyo, Nagano, and Okinawa-Chubu), with 61,595
participants aged 4059, and Cohort II was started in 6 pub-
lic health center areas (Ibaraki, Niigata, Osaka, Kochi,
Nagasaki, and Okinawa-Miyako), with 78,825 participants
aged 40-69. Two areas (Tokyo and Osaka) were excluded
from the present study because stroke incidence data were
unavailable. The participants of the two cohorts were fol-
lowed up until December 31, 2009, and December 31,

2012, respectively. Of these, 34,295 participants (12,010
men and 22,285 women) who had complete health check-
up data (i.e. body height, weight, and blood pressure) were
enrolled in the present analysis. We excluded 158 partici-
pants (42 in Cohort I and 116 in Cohort II) with a history of
stroke. In the end, a total of 34,137 persons were included
in this study.

Baseline measurements

A self-administered baseline questionnaire on lifestyle and
medical history was presented to participants in 1990 for
Cohort I and in 1993 and 1994 for Cohort II. The question-
naire included questions on smoking habits, alcohol con-
sumption, past medical history, and prescriptions.

Smoking status was defined as never smoking (refer-
ence), past smoking, smoking less than 20 cigarettes per
day, and smoking 20 or more cigarettes per day. The
weekly ethanol consumption was estimated by consider-
ing the frequency of drinking, the average quantity con-
sumed per occasion, and the types of alcoholic beverages
consumed. Drinking status was defined as non-drinkers
(reference), occasional drinkers (1-3 times per week),
persons who drank less than 150 g per week, those drink-
ing between 150 g and 300 g per week, and those drinking
300 g or more per week. Blood pressure was measured in
the right arm of the seated participant using a standard
mercury sphygmomanometer, after resting for at least
Smin. Hypertension was defined as systolic blood pres-
sure (BP) equal to or greater than 140 mmHg, diastolic BP
equal to or greater than 90 mmHg, and/or the use of anti-
hypertensive medication. Body mass index (BMI) was
calculated as the weight (kg) divided by the square of
height (m?). BMI was categorized as less than 18.5 kg/m?,
between 18.5kg/m? and 25 kg/m? (reference), and equal to
or greater than 25 kg/m?>.

Serum total cholesterol (n=34,075) and triglycerides
(n=25,251) were measured using conventional enzyme-
based methods in 23 laboratories. According to the Osaka
Medical Center for Health Science and Promotion, a mem-
ber of the Cholesterol Reference Method Laboratory
Network,'®!7 the precision and accuracy of the lipid meas-
urements in all laboratories were satisfactory. Total choles-
terol level was categorized as less than 160, between 160
and 240 (reference), and equal to or greater than 240 mg/
dL. High total cholesterol was defined as equal to or greater
than 240 mg/dL and/or the use of dyslipidemia medication.
The cut-off values were based on scientific data indicating
a higher risk of ICH.'? Fasting was defined as abstaining
from all food and drink, except water, for a period of more
than 8h. The cut-off points for fasting triglycerides and
non-fasting triglycerides were 150mg/dL and 175mg/dL,
respectively.!® Serum glucose levels were obtained from
28,714 participants. Diabetes mellitus was defined as a fast-
ing glucose level equal to or greater than 126 mg/dL, a
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non-fasting glucose level equal to or greater than 200 mg/
dL, and/or the use of diabetes medication.

Confirmation of stroke

Stroke events were registered in nine public health centers.
A total of 81 hospitals were included in this study as the
major medical institutions in these public health center
areas. Nearly all hospitals were equipped with imaging
technologies, including computed tomography and mag-
netic resonance imaging scanners and had the capacity to
provide treatment during the acute stage of stroke. After
extracting cases with potential stroke onset according to
information provided by the hospitals, physicians, hospital
workers, or investigators, who were blinded to the patients’
lifestyle data, we reviewed the patients’ medical records
and created onset registration forms. For cases screened
based on the discharge diagnosis, the physicians confirmed
the diagnosis of stroke based on the criteria outlined in the
National Survey of Stroke,'® which require the presence of
sudden or rapid-onset focal neurologic deficits lasting at
least 24h, or until death. Only first-ever onsets were
recorded as incidents of stroke and classified as subarach-
noid hemorrhage, cerebral infarction, or ICH with bleeding
sites (lobes, putamen, thalamus, cerebellum, brainstem, or
multiple hemorrhage sites). We defined as unclassifiable
cases those cases with large and multiple ICH making it
difficult to identify the source of bleeding as well as ICH
with inaccessible image data. To examine each ICH-
specific risk factor, we analyzed the ICH records by bleed-
ing site. Unclassifiable cases (n=31) were included in the
total ICH but were not considered in the site-specific
analysis.

Statistical analysis

Age-adjusted mean values or prevalence of baseline health
checkups were compared between participants with ICH
events and those without using analysis of covariance or
logistic regression analysis. Hazard ratios (HRs) and 95%
confidence intervals (Cls) for ICH and site-specific ICH
incidence were calculated with the reference group, except
for age, using Cox proportional hazards models. Person-
years were calculated as the sum of individual follow-up
durations until stroke event, death, emigration, or end of the
follow-up, whichever occurred first. For subarachnoid
hemorrhage and cerebral infarction, follow-up was cen-
sored at the time of their onset. We adjusted for age and sex
in the first model to calculate HRs, and the second model
was further adjusted for systolic blood pressure, the use of
antihypertensive medication, low total cholesterol, high
total cholesterol, hypertriglyceridemia, diabetes, body
weight, smoking, and drinking status in the multivariable-
adjusted model. When hypertension was considered the
explanatory variable, systolic blood pressure and the use of

antihypertensive medication were excluded from the mod-
els. Since there was no regional difference in the associa-
tions between risk factors and any outcomes, and the
numbers of cases were limited for some outcomes, com-
munity was not included in the formal models. Of note,
including community in the models did not change the
results for any outcomes.

All statistical tests were two-sided, and p values less
than 0.05 were considered statistically significant. SAS
(version 9.4, SAS Institute, Cary, NC, USA) was used for
all analyses.

Results

During a 20-year median follow-up and the 615,542 per-
son-years, there were 571 ICH events including 106 lobar
hemorrhages, 194 putamen hemorrhages, 163 thalamic
hemorrhages, 43 cerebellar hemorrhages, 34 brainstem
hemorrhages, and 31 unclassifiable hemorrhages. Of these,
9.4%, 11.3%, 7.4%, 25.6%, 38.2%, and 41.9% cases of
lobar, putamen, thalamic, cerebellar, brainstem, and unclas-
sifiable hemorrhage, respectively, died within 28days of
onset.

Table 1 shows the age-adjusted means and prevalence of
baseline characteristics for total ICH events and their sites,
and for non-cases. The mean values of systolic and diastolic
blood pressure, and the prevalence of hypertension were
higher among men and women with total ICH than among
those without stroke. The mean values of BMI and the
prevalence of obesity and ethanol consumption of less than
150 g/week and equal to or greater than 300 g/week was
higher only among men with total ICH. In terms of the
supratentorial brain, men and women with ICH had a sig-
nificantly higher prevalence of hypertension than subjects
without stroke apart from ICH located in the lobes. As for
the infratentorial brain, there was a higher prevalence of
hypertension only among men with ICH located in the
brainstem.

The age- and sex-adjusted HRs for total ICH and its sites
inthe presence of each risk factor are shown in Supplemental
Table S1. Men had a higher risk of total ICH, putamen, tha-
lamic, and brainstem hemorrhages than women.
Hypertension was significantly associated with the risk of
all ICH, excluding lobar hemorrhage. In contrast, low total
cholesterol was associated only with the risk of lobar hem-
orrhage. Obesity and ethanol consumption equal to or
greater than 300 g per week were associated with a risk of
total ICH and putamen hemorrhage, and ethanol consump-
tion of between 150 and 300g per week was associated
with cerebellar hemorrhage. No significant association was
detected between smoking status and the risk of ICH with
any hemorrhage site.

After further adjustment for cardiovascular risk factors
(Table 2), the associations were shown to be largely similar:
Men had a higher risk of total ICH (multivariable HR=1.88
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(1.47-2.40)), putamen hemorrhage (2.12 (1.38-3.26)), tha-
lamic hemorrhage (1.85 (1.18-2.91)), and brainstem hem-
orrhage (4.21 [1.54-11.47]) than women. The multivariable
HRs (95% CI) for hypertension were 2.09 (1.75-2.50) for
total ICH, 2.65 (1.94-3.63) for putamen hemorrhage, 2.19
(1.57-3.04) for thalamic hemorrhage, 2.15 (1.12-4.12) for
cerebellar hemorrhage, and 2.39 (1.16-4.93) for brainstem
hemorrhage. Low total cholesterol was only associated
with the risk of lobar hemorrhage (1.73 (1.01-2.96)), and
the HR did not change materially when the participants
with dyslipidemia treatment (n=690) were excluded (1.70
(0.98-2.94)). Obesity was associated with the risk of puta-
men hemorrhage (1.39 (1.03-1.88)). As for drinking status,
ethanol consumption equal to or greater than 300g per
week was associated with the risk of total ICH (1.36 (1.02—
1.82)) and putamen hemorrhage (1.94 (1.20-3.13)), and
ethanol consumption of between 150 and 300 g per week
was associated with the risk of cerebellar hemorrhage (3.01
(1.04-8.70)).

Discussion

In this large and long-term cohort study of the general
Japanese population with a high incidence of ICH, we
found distinct risk factors for ICH across the five specific
bleeding sites. Hypertension was associated with the risk of
ICH in non-lobar sites and low total cholesterol with the
risk of lobar hemorrhage.

Hypertension is strongly associated with ICH located in
the putamen, thalamus, cerebellum, and brainstem supplied
by small penetrating arteries. The mechanism of bleeding
due to arteriolosclerosis of the perforating arteries has
already been reported.?’?! Our results were consistent with
the pathological conditions indicating an important role of
hypertension for non-lobar hemorrhage often referred to as
“deep hemorrhage.” Although previous studies have
already shown that hypertension is a more common risk
factor for deep than for lobar hemorrhage,?>?3 our results
clearly highlighted the significant association between
hypertension and each bleeding site except for the lobes by
classifying the bleeding sites more rigorously in a cohort
design with a sufficient number of ICH cases.

Cerebral amyloid angiopathy, another cause of ICH
which is characterized by amyloid beta-peptide deposits in
the cortical and leptomeningeal blood vessel walls, is a
common cause of lobar hemorrhage especially in older
adults.”*?° Aging and genotype are well-known risk factors
for cerebral amyloid angiopathy, but other risk factors
remain unclear. The association between hypertension and
cerebral amyloid angiopathy-related hemorrhage is also
controversial.>2’-3" In the present study, no statistically sig-
nificant association was observed between hypertension
and the risk of lobar hemorrhage, which may support the
hypothesis that the infiltration of cortical vessels by
amyloid-f protein rather than hypertension mainly leads to

vascular fragility, resulting in subcortical hemorrhage.
Notably, the association between cerebral amyloid angiop-
athy and lobar hemorrhage as a causative factor was not
assessed in this study population.

To our knowledge, this is the first study to assess the
association between low total cholesterol levels and the
specific risk of lobar ICH separately from other bleeding
sites. Our previous study, based on lipid data collected
Syears after the baseline in Cohort I and at the baseline in
Cohort II, showed that lower non-high-density lipoprotein
cholesterol levels were associated with an increased risk of
ICH, particularly of lobar hemorrhage including cerebellar
hemorrhages.’! Many previous studies have reported an
inverse association between blood total cholesterol or low-
density lipoprotein cholesterol levels and the risk of
ICH.'232735 It has been considered that low total cholesterol
levels may promote endothelium fragility and smooth mus-
cle cell necrosis in the arterial medial layer, which contrib-
ute to the development of hemorrhage.’* Our study showed
that low total cholesterol levels may contribute to lobar
hemorrhage often caused by cerebral amyloid angiopathy.
The association between low cholesterol levels and a higher
risk of deep hemorrhage, more apparent with higher blood
pressure,*® may have become less apparent due to the low-
ering of blood pressure levels in the Japanese population
over the past decades.’’

Heavy alcohol intake has been reported to be strongly
associated with ICH.!® The association is considered to be
mediated by high blood pressure, reduced platelet aggrega-
tion, and enhanced fibrinolysis.’® A meta-regression analy-
sis showed a significant linear relationship between alcohol
consumption and the risk of hemorrhagic stroke.'® We
found associations between ethanol consumption and the
risk of total ICH and putamen hemorrhage. Although the
analysis may be less reliable especially for infratentorial
hemorrhages due to the low number of cases, it is notewor-
thy that the point estimates of all deep hemorrhages indi-
cated a positive association. Despite the robust relationship
between hypertension and alcohol consumption,®® these
associations remained statistically significant even when
adjusting for systolic blood pressure and the use of antihy-
pertensive medication; the multivariable HRs without and
with adjustment for systolic blood pressure and the use of
antihypertensive medication were 1.57 (1.18-2.10) and
1.36 (1.02—1.82), respectively, for total ICH, 2.27 (1.42—
3.64) and 1.94 (1.20-3.13), respectively, for putamen
hemorrhage.

Higher BMI was associated with an elevated risk of
stroke.***! Higher BMI and obesity are correlated with
other stroke risk factors such as hypertension.’ In the pre-
sent study, when adjusting for systolic blood pressure and
the use of antihypertensive medication, the association
between being overweight and the risk of putamen hemor-
rhage was attenuated but remained statistically significant;
multivariable HRs without and with adjustment for systolic
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blood pressure and the use of antihypertensive medication
were 1.60 (1.19-2.15) and 1.39 (1.03-1.88), respectively.
The large difference in BMI distribution between the
Western and Japanese populations should be noted; the
respective prevalence of BMI equal to or greater than 30
was approximately 20% within the Organization for
Economic Co-operation and Development, which predomi-
nantly includes Western countries, and 4% in Japan (in the
present study, the prevalence was 3%).%

As reported previously,* men have a higher risk of deep
hemorrhages. Low triglyceride levels were reported as a
risk factor for ICH due to their structural role in cell mem-
branes, similar to that of cholesterol.** However, this study
found no significant association with the risk of ICH. The
association between diabetes or smoking, and the risk of
ICH has been controversial,®!'*4¢ and we did not find a
significant association between them.

Strengths and limitations

The strengths of this study are its large-scale implementa-
tion and the long-term follow-ups. A large number of par-
ticipants across Japan were recruited and then followed up
for 20years. The cohort setting in Japan, a country with a
high incidence of ICH, allowed for the analysis of bleeding
sites.

This study has several potential limitations. First,
although cerebral amyloid angiopathy is a well-known
major cause of lobar hemorrhage, we did not identify ICH
based on a diagnosis of cerebral amyloid angiopathy that
required full autopsy.’ At the beginning of the follow-up
period (1990s), the concept of cerebral amyloid angiopathy
had not yet been established, and diagnoses of ICH relied
exclusively on CT. However, since the purpose of this study
was to investigate risk factors by anatomical sites of bleed-
ing, this would not affect the results. Second, we did not
have data on anticoagulant therapy status and other coagu-
lation abnormalities, which are suggested to be associated
with specific bleeding sites.*® However, this is unlikely to
have confounded the results because anticoagulants were
less prevalent during the follow-up period than they are
today, and their use is unlikely to have affected the cardio-
vascular risk factors examined in this study. Third, the gen-
eralizability should be considered with caution. Although
the incidence rate of ICH of Asian population was notably
higher than other ethnic groups due to lifestyle and an
inherited susceptibility of the intracranial arteries to athero-
sclerosis,>**% almost all risk factors for ICH are common
across all races. The evidence in a population with high
incidence of ICH could provide the basis for extrapolation
not only to Asians but also to other races who are reported
to have an increased risk of ICH.'* Fourth, because partici-
pation in the community health checkups was voluntary,
the healthy participant effect was unavoidable, especially

as women were generally more health-conscious.
Furthermore, men were often already covered by work-
place health checkups in Japan at the time of baseline
(1990s). Last, we only used the data of each risk factor
measured at baseline which may have weakened the asso-
ciations with ICH due to dilution bias. Further research in
diverse populations is necessary to enhance generalizability
and the exploration of genetic and lifestyle factors in greater
detail.

Conclusion

The present study found that hypertension was associated
with an increased risk of ICH in the putamen, the thalamus,
the cerebellum, and the brainstem, but not in the lobes. In
contrast, low total cholesterol levels were associated with a
higher risk of lobar hemorrhage. Heavy drinking and obe-
sity were both associated with the risk of hemorrhage in the
putamen.
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