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Abstract
Background
We investigated the prevalence of and risk factors for cerebral
microbleeds (CMBs) in a cross-sectional study of a general pop-
ulation of Japanese elderly.

Methods
In 2012, brain MRI scanning at 1.5T and comprehensive health
examination were conducted for 1281 residents aged 65 years or
older. CMBs were defined as ovoid hypointensity lesions less than
10 mm in diameter on T2*-weighted images and classified into
deep/infratentorial or lobar CMBs. Age- and sex-specific and
overall prevalence of CMBs were estimated, and the associations of
traditional cardiovascular risk factors and APOE polymorphism
with the presence of CMBs were examined using a logistic re-
gression analysis.

Results
The crude prevalences of total, deep/infratentorial, and lobar
CMBs were 18.7% (n = 240), 13.5% (n = 173), and 9.6% (n = 123),
respectively. The prevalence of total CMBs was 23.0% in men and 15.5% in women and
increased with aging in both sexes (both p for trend <0.01). Hypertension was significantly
associated with the presence of both deep/infratentorial and lobar CMBs. Lower serum total
cholesterol was a significant risk factor for deep/infratentorial CMBs, but not for lobar CMBs,
while APOE e4 carriers had a significantly higher likelihood only of lobar CMBs compared with
noncarriers.

Conclusions
Our study suggests that approximately 1 of 5 Japanese elderly people have CMBs, and that risk
factors for deep/infratentorial and lobar CMBs are different, indicating the distinct pathologic
backgrounds of these lesions.
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Cerebral microbleeds (CMBs) are round lesions with hypo-
intensity on T2*-weighted images of brain MRI.1 CMBs are
usually asymptomatic and thus are often identified incidentally
in the brain MRI examinations for patients with stroke and
dementia.2 Histologically, CMBs represent tiny focal collec-
tions of hemosiderin adjacent to abnormal small vessels af-
fected by mainly hypertensive or amyloid angiopathy.2 CMBs
with hypertensive angiopathy are thought to be mostly local-
ized in deep or infratentorial brain areas, while CMBs with
amyloid angiopathy are mainly located in cerebral lobar
regions.2 Therefore, risk factors for CMBs are likely to differ by
their locations. Meanwhile, cerebrovascular disease in Japanese
and other Asian populations is known to have a different ge-
netic and environmental background compared with cerebro-
vascular disease in Western populations.3,4 This suggests the
possibility of distinct characteristics of CMBs between pop-
ulations. Recently, the presence of CMBs has been considered
to be an early imaging marker of bleeding-prone angiopathy,
and thereby as a predictor of the development of symptomatic
stroke, especially intracerebral hemorrhage, and dementia in
the elderly.2 Therefore, the epidemiologic evidence for CMBs
in elderly populations is considered to be useful for un-
derstanding and prevention of subsequent stroke and de-
mentia. A number of observational studies performed in
various locations around the world have reported the preva-
lence of CMBs5–17 and their risk factors5–16 in adult pop-
ulations, but there have been limited studies addressing these
issues in Western elderly populations,9–12 and only a few
prevalence studies of Asian elderly populations, including
Japanese. The aims of the present study were to estimate the
prevalence of CMBs and to explore their risk factors with
consideration of the brain localization of CMBs in a general
Japanese elderly population.

Methods
Study participants
The Hisayama Study is a prospective cohort study of cerebro-
cardiovascular diseases established in 1961 in Hisayama, a sub-
urban community of the Fukuokametropolitan area onKyushu
Island, Japan. The population of the town in 2010 was ap-
proximately 8,400. The age and occupational distributions and
nutrient intake levels in the residents of Hisayama have been
similar to those in Japan as a whole.18 The design of the MRI
scan study in the town was previously described in detail.19

Briefly, in 2012, a total of 1,906 individuals (93.6%) among
2,036 residents aged ≥65 years participated in a screening
survey for cognitive impairment and activities of daily living
(figure e-1, links.lww.com/CPJ/A24). This survey was mainly
conducted at the municipal center for health promotion
(Hisayama Health C&C Center) with a rental mobile MRI
scanner, but surveys were also performed at home, hospitals,
or nursing homes for 539 individuals who could not visit the
center due to physical disability, dementia, severe diseases,
or other causes. Among the 1,367 participants who visited
the center, an MRI examination was performed for 1,342
individuals. In addition, we performed a comprehensive health

examination for cardiovascular risk factors in the same year.
After excluding 1 individual who refused to participate in the
study, 41 who did not participate in the comprehensive health
examination, 12 without T2*-weighted imaging, and 7 without
blood sampling, the remaining 1,281 individuals were enrolled
in the present study.

Standard protocol approvals, registrations,
and patient consents
This study was conducted with the approval of the Kyushu
University Institutional Review Board for Clinical Research.
Written informed consent was obtained from all participants.

Brain MRI examination
In the MRI examination, T2*-weighted imaging, T1-weighted
imaging, T2-weighted imaging, fluid-attenuated inversion re-
covery (FLAIR) imaging, and magnetic resonance angiography
of the brain were performed using a 1.5T MRI scanner (Intera
Pulsar; Philips Medical Systems, Best, the Netherlands) with
a multichannel head coil.19 T2*-weighted 2D gradient echo
images were acquired with the following measures: repetition
time 670 ms, echo time 23 ms, flip angle 18°, field of view 240 ×
191 mm, acquisition matrix 256 × 163, slice thickness 5 mm,
and slice gap 1.5 mm. CMBs were defined as ovoid hypointense
lesions onT2*-weighted imagesmeasuring <10mm in diameter
and surrounded by brain parenchyma over at least half the
circumference of the lesion. Hemorrhagic infarction and phys-
iologic calcification in the globus pallidus, which also showed
hypointensity on the T2*-weighted images, were excluded.
Sulcal flow voids from vessels were also ignored. Individuals
with CMBs were categorized into a deep/infratentorial CMBs
group (located in the basal ganglia, thalamus, brainstem, or
cerebellum) and a lobar CMBs group (located in the cortical
gray matter or subcortical or periventricular white matter).
Individuals with both deep/infratentorial and lobar CMBs were
included in both groups. For the sensitivity analysis, the strictly
lobar CMBs group included the individuals with lobar CMBs
without deep/infratentorial CMBs. The presence and the lo-
cation of CMBs were determined by 2 stroke neurologists who
were blinded to the clinical information (agreement ratio
83.9%; interrater reliability κ = 0.54). If there was a conflicting
interpretation, a third investigator read the scan andmade a final
decision.

Lacunar infarction on MRI was defined as a small ischemic
lesion (≥3 and <15 mm in diameter) in the basal ganglia,
thalamus, or brainstem visible on both the T1-weighted
image (as a hypointense lesion) and the T2-weighted image
(as a hyperintense lesion) with a surrounding hyperintense
rim on the FLAIR image, irrespective of the presence or
absence of clinical symptoms. The amounts of white matter
hyperintensity (WMH) in periventricular and deep white
matter regions of the brain were quantified into 4 grades,
from grade 0 (absent) to grade 3 (severe), according to the
Fazekas scale,20 using the FLAIR or T2-weighted images.
Positive WMH was defined as grade 2 or 3 WMH in either
periventricular or deep white matter or both.
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Other variables
Blood pressure (BP) was measured 3 times in a sitting position,
and themean values were used in the analysis. Hypertension was
defined as a mean BP ≥140/90 mm Hg or use of antihyper-
tensive agents. Plasma glucose levels were determined by the
hexokinase method. Diabetes mellitus was defined as fasting
plasma glucose ≥7.0 mmol/L 2-hour postload or postprandial
plasma glucose ≥11.1 mmol/L or use of antidiabetic medi-
cations. Serum total cholesterol levels were determined enzy-
matically. Hypercholesterolemia was defined as a serum total
cholesterol ≥5.69 mmol/L or use of lipid-lowering agents. Body
height andweight weremeasured in light clothing without shoes,
and body mass index (BMI) was defined as the body weight (in
kilograms) divided by the height (in meters) squared. In-
formation regarding smoking habits and alcohol intake was self-
reported and was categorized as current habitual use or not.
Regular exercise was defined as engaging in sports at least 3 times
a week during leisure time. Antithrombotic medication included
both antiplatelets (aspirin, clopidogrel, ticlopidine, and cil-
ostazol) and anticoagulants (warfarin and direct oral anti-
coagulants). APOE polymorphism was determined by
genotyping 2 single nucleotide polymorphisms (rs429358 and
rs7412) using amultiplex PCR-based Invader assay (ThirdWave
Technologies, Madison, WI) for 1,106 participants with geno-
mic DNA samples.21,22 Those who carried at least 1 copy of the
e4 allele were categorized as APOE e4 carriers. The participants
with at least 1 copy of the e2 allele were defined as APOE e2
carriers. History of symptomatic stroke was defined as any pre-
existing stroke events. All symptomatic stroke events were ad-
judicated based on physical examinations and all available clinical
information and classified into ischemic stroke, intracerebral
hemorrhage, and subarachnoid hemorrhage as described pre-
viously.18 Dementia was ascertained using the criteria of the
DSM-III-R23 as described previously.19,24

Statistical analysis
The 95% confidence intervals (CIs) of the prevalence of
CMBs were estimated using a binominal distribution. The
association between age and the prevalence of CMBs was
estimated using a logistic regression model, and linearity was
assessed by comparing the categorical model with the linear
trend model. The interaction between age and sex in the
prevalence of CMBs was evaluated by adding an interaction
term in the logistic model. The prevalences of CMBs in
APOE e4 carriers and noncarriers were compared using a χ2

test. The age- and sex-adjusted and multivariable-adjusted
odds ratios (ORs) and their 95% CIs for the presence of any
CMBs, deep/infratentorial CMBs, and lobar CMBs were
computed using a logistic regression model. In these analy-
ses, the individuals without any CMBs were used as a refer-
ence group. Age, sex, hypertension, diabetes, serum total
cholesterol, BMI, current smoking, current drinking, regular
exercise, use of antithrombotic agents, and APOE poly-
morphisms (e2 and e4) were included in the multivariable-
adjusted model. The age- and sex-adjusted ORs and their
95% CIs for symptomatic ischemic stroke, symptomatic in-
tracerebral hemorrhage, dementia, lacunar infarction on

MRI, and WMH were estimated using a logistic regression
model. The differences in the mean values or frequencies of
risk factors between the individuals included in and excluded
from the study were tested using a χ2 or Student t test,
respectively. All analyses were conducted using SAS 9.4 (SAS
Institute, Cary, NC). Two-sided p < 0.05 was considered
statistically significant in all analyses.

Data availability
The datasets generated and analyzed in the present study are
not publicly available because they contain confidential
clinical and demographic data of the study participants.
However, the further information about the datasets is
available with permission of the corresponding author (Jun
Hata) and the principal investigator of the Hisayama Study
(ToshiharuNinomiya) on reasonable request for purposes of
replicating procedures and results.

Results
Table 1 shows the baseline characteristics of the study partic-
ipants. Themean age was 75 years (SD 7) and the proportion of
men was 43.4%. The prevalences of hypertension and diabetes
were 70.7% and 23.3%, respectively, and the mean value of
serum total cholesterol levels was 5.11 mmol/L (SD 0.93).
Among total participants, 19.4% took an antithrombotic med-
ication, and 18.9% were APOE e4 carriers. Men were more
likely to have diabetes, a smoking habit, a drinking habit, and
antithrombotic use than women, whereas women had higher
serum total cholesterol than men.

Table 2 presents the prevalence of any CMBs, deep/
infratentorial CMBs, and lobar CMBs. Among the 1,281 par-
ticipants, 240 (18.7%) had at least 1 CMB on MRI and 109
(8.5%) had multiple CMBs. The prevalences of deep/
infratentorial CMBs and lobar CMBs were 13.5% (n = 173)
and 9.6% (n = 123), respectively. There were 56 individuals
(4.4%) who had both deep/infratentorial and lobar CMBs, and
67 individuals (5.2%) who had strictly lobar CMBs without
deep/infratentorial CMBs. The prevalence of any CMBs was
23.0% in men and 15.5% in women. The prevalence of any
CMBs increased linearly with aging, from 11.8% (age 65–69
years) to 29.2% (age 85 years or older), and the samewas true for
both deep/infratentorial and lobar CMBs (p for trend <0.01 for
all, p for nonlinearity >0.5 for all). No evidence of an interaction
between age and sex was found in the prevalence of any, deep/
infratentorial, or lobar CMBs (p for interaction >0.3 for all).

As shown in table 3, older age, male sex, hypertension, use of
antithrombotic agents, and APOE e4 genotype were signif-
icantly associated with the presence of any CMBs in the age-
and sex-adjusted analysis. In the multivariable-adjusted
analysis, older age and hypertension remained independent
significant risk factors for any CMBs, while the associations
of sex, antithrombotic treatment, and APOE e4 genotype
with the presence of any CMBs were no longer significant.
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Tables 4 and 5 demonstrate the associations of each risk
factor with deep/infratentorial CMBs and with lobar CMBs,
respectively. In the multivariable-adjusted analysis, older age
and hypertension were significantly associated with higher
risk of the presence of both deep/infratentorial and lobar
CMBs. Lower serum total cholesterol was a significant risk
factor for deep/infratentorial CMBs, but not for lobar
CMBs. In contrast, APOE e4 carriers had a significantly
higher risk of the presence of lobar CMBs than noncarriers,
but no clear association was observed between APOE ge-
notype and deep/infratentorial CMBs. Men were more likely
to have lobar CMBs than women even after adjustment for
potential confounding factors. Similar associations were
observed for strictly lobar CMBs without deep/infratentorial
CMBs (table e-1, links.lww.com/CPJ/A24).

Table e-2 (links.lww.com/CPJ/A24) shows the prevalence of
CMBs in APOE e4 carriers and noncarriers. APOE e4 carriers
were more likely to have lobar CMBs than noncarriers.

Since hypertension was a risk factor for CMBs in any loca-
tion, the associations of BP levels and antihypertensive
treatment status with the prevalence of CMBs are presented
in table e-3 (links.lww.com/CPJ/A24). Users of antihyper-
tensive agents were more likely to have deep/infratentorial
and lobar CMBs, and elevated BP levels were associated with
the presence of deep/infratentorial CMBs.

Finally, table e-4 (links.lww.com/CPJ/A24) shows the associ-
ation of CMBs with other neurologic disorders such as symp-
tomatic stroke (ischemic stroke and intracerebral hemorrhage),
dementia, and ischemic small vessel diseases (lacunar infarction
and WHM) on MRI. The presence of any, deep/infratentorial,
and lobar CMBs were all significantly associated with these
neurologic disorders.

Discussion
The present cross-sectional survey demonstrated that approx-
imately 1 of 5 elderly people aged ≥65 years had CMBs on
a brain MRI in a general Japanese population. The prevalence
of deep/infratentorial CMBs was higher than that of lobar
CMBs. Older age and hypertension were associated with both
deep/infratentorial and lobar CMBs. While lower serum cho-
lesterol levels were a risk factor for deep/infratentorial CMBs,
the APOE e4 genotype and male sex were linked to the pres-
ence of lobar CMBs. The presence of CMBs was associated
with other neurologic disorders such as symptomatic stroke,
dementia, and ischemic small vessel diseases on MRI.

The present study revealed that the prevalence of CMBs was
18.7% in elderly Japanese individuals aged ≥65 years. Several
population-based studies have estimated the prevalence of
CMBs in elderly populations, with the resulting prevalence of
CMBs in the elderly ranging from 11.1% to 34.4% (table e-5,
links.lww.com/CPJ/A24).9–13 These values were similar to the
prevalence observed in the present study. The Sefuri BrainMRI
Study, a population-based study for individuals aged ≥39 years
who lived in a rural village in Japan, reported that the preva-
lence of CMBs in Japanese elderly residents aged >60 years was
6.2%,7 which was lower than ours, probably because the former
study excluded individuals with a history of neurologic or

Table 1 Baseline characteristics of the participants, the
Hisayama Study, 2012

Variables Total
(n = 1,281)

Men
(n = 556)

Women
(n = 725)

Age, y 75 (7) 74 (6) 75 (7)

Systolic blood pressure, mm Hg 134 (19) 135 (19) 134 (19)

Diastolic blood pressure, mm Hg 76 (11) 78 (11) 75 (11)

Hypertension, % 70.7 71.6 70.0

Antihypertensive agent, % 55.8 57.1 54.8

Diabetes mellitus, % 23.3 30.2 17.9

Serum total
cholesterol, mmol/L

5.11
(0.93)

4.80
(0.89)

5.35
(0.89)

BMI, kg/m2 23.1 (3.3) 23.2 (3.0) 23.1 (3.6)

Current smoking, % 8.6 16.4 2.6

Current drinking, % 40.3 61.8 23.9

Regular exercise, % 19.1 21.2 17.5

Antithrombotic use, % 19.4 27.0 13.5

Antiplatelet use, % 15.5 22.1 10.5

Anticoagulant use, % 5.3 8.1 3.2

APOE «2 carrier, % 9.6 10.1 8.9

APOE «4 carrier, % 18.9 21.2 17.2

History of symptomatic stroke, % 5.3 7.6 3.6

Ischemic stroke, % 3.9 5.6 2.6

Intracerebral hemorrhage, % 1.1 1.8 0.6

Subarachnoid hemorrhage, % 0.3 0.2 0.4

Dementia, % 10.6 9.7 11.2

Lacunar infarction on MRI, % 22.2 30.1 16.1

WMH (Fazekas grade 2 or 3) on MRI,
%

42.5 43.4 41.9

Abbreviations: BMI = bodymass index; WMH =white matter hyperintensity.
Values are shown as means (SD) or frequencies.

The present study revealed that the

prevalence of CMBs was 18.7% in

elderly Japanese individuals aged ≥65

years.
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psychiatric diseases, who were more likely to have CMBs than
those without such a history. Some hospital- or institution-
based studies in Japan8,14,15,17 and Korea16 have also reported
lower prevalence of CMBs (3.1%–6.8%) than the present study
because these studies recruited healthy volunteers and included
younger participants.

The previous pathologic studies have shown that hyper-
tensive angiopathy is mainly observed in deep or infra-
tentorial brain areas, and amyloid angiopathy is mainly
located in cerebral lobar regions.2 Some population-based
observational studies have reported that hypertension5,8 or
elevated BP8,9 was associated with deep/infratentorial
CMBs. These findings were in accord with ours.

Intriguingly, the present study found a significant associa-
tion between hypertension and lobar CMBs. A pathologic
study failed to reveal a direct neuropathologic association
between amyloid angiopathy and lobar CMBs.25 Another
pathologic study also found that amyloid angiopathy and
fibrinoid necrosis, which is one of the major findings of
hypertensive angiopathy, coexisted in lobar CMBs.26 These
findings raise the possibility that not only amyloid angiop-
athy, but also hypertensive angiopathy, contributes to the
development of lobar CMBs. Population-based observa-
tional studies in Western populations also showed that hy-
pertensive individuals tended to have a higher risk of the
presence of lobar CMBs than normotensive individuals, but
the associations did not quite reach a statistically significant

Table 2 Age-specific prevalence of any, deep/infratentorial, and lobar cerebralmicrobleeds (CMBs), the Hisayama Study,
2012

No. of
participants

Any CMBs Deep/infratentorial CMBs Lobar CMBs

No. % 95% CI No. % 95% CI No. % 95% CI

Total

Overall 1,281 240 18.7 16.6–20.8 173 13.5 11.6–15.4 123 9.6 8.0–11.2

65–69 y 356 42 11.8 8.4–15.2 26 7.3 5.0–10.0 25 7.0 4.3–9.7

70–74 y 335 58 17.3 13.2–21.4 40 11.9 8.4–15.4 29 8.7 5.7–11.7

75–79 y 282 60 21.3 16.5–26.1 46 16.3 12.0–20.6 30 10.6 7.0–14.1

80–84 y 188 45 23.9 17.8–30.0 36 19.2 13.6–24.8 20 10.6 6.2–15.0

≥85 y 120 35 29.2 21.1–37.3 25 20.8 13.5–28.1 19 15.8 9.3–22.3

p for trend <0.001 <0.001 0.001

Men

Overall 556 128 23.0 19.5–26.5 90 17.4 14.2–20.6 71 12.8 10.0–15.6

65–69 y 153 30 19.6 13.3–25.9 20 13.1 7.8–18.4 15 9.8 5.1–14.5

70–74 y 148 25 16.9 10.9–22.9 15 10.1 5.2–15.0 17 11.5 6.4–16.6

75–79 y 128 32 25.0 17.5–32.5 27 21.1 14.0–28.2 15 11.7 6.1–17.3

80–84 y 78 23 29.5 19.4–39.6 17 21.8 12.6–31.0 11 14.1 6.4–21.8

≥85 y 49 18 36.7 23.2–50.2 11 22.5 10.8–34.2 13 26.5 14.1–38.9

p for trend 0.003 0.01 0.01

Women

Overall 725 112 15.5 12.9–18.1 83 11.9 9.5–14.3 52 7.2 5.3–9.1

65–69 y 203 12 5.9 2.7–9.1 6 3.0 0.7–5.3 10 4.9 1.9–7.9

70–74 y 187 33 17.7 12.2–23.2 25 13.4 8.5–18.3 12 6.4 2.9–9.9

75–79 y 154 28 18.2 12.1–24.3 19 12.3 7.1–17.5 15 9.7 5.0–14.4

80–84 y 110 22 20.0 12.5–27.5 19 17.3 10.2–24.4 9 8.2 3.1–13.3

≥85 y 71 17 23.9 14.0–33.8 14 19.7 10.4–29.0 6 8.5 2.0–15.0

p for trend <0.001 <0.001 0.07

Abbreviation: CI = confidence interval.
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level.5,9 The exact reason for this discrepancy in the in-
fluence of hypertension on lobar vessels among populations
is unknown, but it may be attributable to differences in the
genetic backgrounds, age distributions,5 and lifestyles (e.g.,
salt intake) among populations. Our study failed to show
a clear association between BP levels and lobar CMBs,

probably because more than half of the participants were
treated with antihypertensive agents.

In the present study, lower total cholesterol levels were as-
sociated with the presence of deep/infratentorial CMBs.
Another study of Japanese individuals aged 27–95 years who

Table 3 Association of risk factors with the presence of any cerebral microbleeds

Variables

Age- and sex-adjusted Multivariable-adjusted

OR 95% CI p OR 95% CI p

Age (per 10-y increase) 1.65 1.35–2.03 <0.001 1.47 1.16–1.87 0.002

Men 1.70 1.28–2.26 <0.001 1.39 0.97–2.00 0.08

Hypertension 2.47 1.68–3.62 <0.001 2.19 1.44–3.33 <0.001

Diabetes mellitus 1.29 0.93–1.79 0.13 1.08 0.75–1.54 0.69

Serum total cholesterol (per 1 mmol/L
increase)

0.89 0.75–1.05 0.15 0.89 0.74–1.07 0.22

BMI (per 1 kg/m2 increase) 1.03 0.99–1.08 0.13 0.99 0.95–1.04 0.80

Current smoking 0.81 0.48–1.39 0.45 1.13 0.63–2.03 0.67

Current drinking 1.18 0.86–1.63 0.31 1.10 0.77–1.56 0.60

Regular exercise 0.86 0.59–1.25 0.42 0.84 0.56–1.27 0.41

Antithrombotic treatment 1.57 1.12–2.21 0.01 1.20 0.82–1.75 0.35

APOE «2 carrier 0.89 0.53–1.51 0.67 0.94 0.55–1.61 0.82

APOE «4 carrier 1.46 1.02–2.10 0.04 1.42 0.98–2.06 0.06

Abbreviations: BMI = body mass index; CI = confidence interval; OR = odds ratio.

Table 4 Association of risk factors with the presence of deep/infratentorial cerebral microbleeds

Variables

Age and sex-adjusted Multivariable-adjusted

OR 95% CI p OR 95% CI p

Age (per 10-y increase) 1.75 1.39–2.22 <0.001 1.49 1.14–1.95 0.004

Men 1.63 1.18–2.26 0.003 1.20 0.79–1.82 0.39

Hypertension 2.67 1.69–4.21 <0.001 2.20 1.35–3.60 0.002

Diabetes mellitus 1.56 1.09–2.24 0.02 1.37 0.92–2.02 0.12

Serum total cholesterol (per 1 mmol/L
increase)

0.76 0.63–0.93 0.01 0.78 0.63–0.97 0.03

BMI (per 1 kg/m2 increase) 1.04 0.99–1.09 0.15 0.99 0.94–1.05 0.75

Current smoking 0.93 0.51–1.68 0.80 1.25 0.65–2.38 0.51

Current drinking 1.18 0.82–1.70 0.38 1.13 0.75–1.68 0.56

Regular exercise 0.83 0.53–1.29 0.40 0.84 0.53–1.34 0.46

Antithrombotic treatment 1.65 1.13–2.41 0.01 1.19 0.78–1.82 0.41

APOE «2 carrier 0.83 0.45–1.53 0.54 0.79 0.42–1.49 0.47

APOE «4 carrier 1.04 0.67–1.62 0.88 0.99 0.63–1.57 0.97

Abbreviations: BMI = body mass index; CI = confidence interval; OR = odds ratio.
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underwent brain checkups with MRI also demonstrated
a significant inverse association between serum total cho-
lesterol levels and the likelihood of deep/infratentorial
CMBs.8 Lower serum total cholesterol levels might induce
the formation of microaneurysms in the brain through fra-
gility of the vessel walls, resulting in the occurrence of
CMBs.27 In support of this idea, a systematic review has
shown that lower serum total cholesterol levels are signifi-
cantly associated with hemorrhagic stroke.28 In contrast,
epidemiologic studies conducted in Western populations
found that lower cholesterol levels were associated with lobar
CMBs, but not with deep/infratentorial CMBs.5,9 The rea-
son for the discrepancy between Japanese and Western
studies is unclear but may be attributable to differences in the
genetic backgrounds, the age distributions,5 or the lower
average levels of serum total cholesterol in Japanese com-
pared to Western populations.9

Inour participants,APOE e4was a significant risk factor for lobar
CMBs but not for deep/infratentorial CMBs. The significant
association of APOE e4 with lobar CMBs was also observed in
the Framingham Heart Study5 and the Rotterdam Study.9 A
meta-analysis29 reported that APOE e4 was also significantly

associated with cerebral amyloid angiopathy, which is consid-
ered to be one of themajor causes of lobar CMBs.APOE e4may
induce cerebral amyloid angiopathy by increasing β-amyloid
aggregation, impairing β-amyloid clearance, or both.30 On the
other hand, the APOE e2 genotype was not associated with
CMBs in the present study or in previous reports.9,10

Community-based studies have reported inconsistent results in
regard to the sex difference in CMB prevalence.5–7,9–12 Some
studies have reported that men had higher prevalence of CMBs
than women5,7,10,12 and others showed no sex difference.6,9,11 In
the present study, the age-adjusted model indicated that men
had a higher risk of both deep/infratentorial and lobar CMBs
than women. However, the sex difference in deep/infratentorial
CMBs was diminished after adjustment for multiple risk factors,
probably because men were likely to have more cardiovascular
risk factors than women. In contrast, the sex difference in lobar
CMBs was unchanged and remained significant after multivar-
iable adjustment, indicating that residual confounding factors
may exist in the association of male sex with a risk of lobar
CMBs.

We showed that deep/infratentorial CMBs were more fre-
quent than lobar CMBs. A study based on healthy volunteers
in Japan reported a similar finding.8 In contrast, some
Western studies reported higher prevalence of lobar CMBs
than deep/infratentorial CMBs.5,9–11 The reason for the
discrepancy may be partially explained by the finding that
Western people have a higher frequency of the APOE e4
genotype.5,9,10

Table 5 Association of risk factors with the presence of lobar cerebral microbleeds

Variables

Age-sex-adjusted Multivariable-adjusted

OR 95% CI p OR 95% CI p

Age (per 10-y increase) 1.58 1.21–2.07 <0.001 1.40 1.01–1.93 0.04

Men 2.00 1.37–2.93 <0.001 1.82 1.12–2.97 0.02

Hypertension 2.11 1.28–3.47 0.003 1.89 1.09–3.28 0.02

Diabetes mellitus 0.94 0.59–1.48 0.78 0.69 0.41–1.17 0.17

Serum total cholesterol (per 1 mmol/L
increase)

0.92 0.73–1.15 0.44 0.93 0.72–1.19 0.54

BMI (per 1 kg/m2 increase) 1.03 0.97–1.09 0.36 1.00 0.94–1.07 0.99

Current smoking 0.70 0.34–1.45 0.34 1.03 0.48–2.23 0.93

Current drinking 1.11 0.72–1.69 0.64 0.99 0.62–1.60 0.99

Regular exercise 0.89 0.54–1.46 0.61 0.87 0.51–1.51 0.63

Antithrombotic treatment 1.87 1.22–2.88 0.004 1.48 0.90–2.41 0.12

APOE «2 carrier 1.05 0.54–2.06 0.88 1.16 0.59–2.31 0.66

APOE «4 carrier 1.73 1.09–2.74 0.02 1.70 1.08–2.80 0.02

Abbreviations: BMI = body mass index; CI = confidence interval; OR = odds ratio.

In our participants, APOE e4 was

a significant risk factor for lobar CMBs

but not for deep/infratentorial CMBs.
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The present study is the largest observational study to ex-
plore the prevalence of and risk factors for CMBs in a Japa-
nese general elderly population. However, some limitations
should be considered. First, although the participation rate of
the present study was relatively high, approximately one-
third of the residents did not undergoMRI examination. The
individuals excluded from the study were likely to be older
and to have more unhealthy backgrounds than those in-
cluded in the study (table e-6, links.lww.com/CPJ/A24).
Therefore, the prevalence of CMBs and the association be-
tween each risk factor and CMBs reported in this study
might be underestimated. Second, because the present study
was conducted in a cross-sectional manner, we cannot pro-
vide definite information about causal associations. Finally,
we could not classify the cerebellar CMBs, which seemed to
have different characteristics from other CMBs, because of
limited sample size.

The present study suggests that approximately 1 of 5 elderly
Japanese has some type of CMB and that individuals with
CMBs have higher risk of symptomatic stroke and dementia.
Deep/infratentorial CMBs and lobar CMBs have different
risk factors, reflecting different pathologic backgrounds.
Further prospective studies are needed to elucidate risk fac-
tors for the development of CMBs and to establish strategies
for prevention of CMBs and subsequent neurologic dis-
orders, including symptomatic stroke and dementia.
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