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INTRODUCTION

Cerebral microbleeds (CMBs) are well-known mark-
ers for cerebral small vessel disease on magnetic reso-
nance imaging (MRI).1 Compared with other imaging 
markers for subclinical arteriolopathy in the brain, 
CMBs reflect a hemorrhage-prone state and are usual-
ly more associated with hypertension.2 Because of its 
bleeding tendency, aspirin use has been suspected as 

a risk factor for CMBs. Although antiplatelet use has 
not been associated with the presence of CMBs in a few 
clinical studies,3,4 a recent meta-analysis showed a po-
tential association between antiplatelet use and CMBs 
in stroke patients,5 but not in stroke-free patients.6 
However, because of the heterogeneity of the study 
population and different bleeding risks in individual 
subjects, this association remains controversial.7,8

White matter hyperintensity (WMH) is another imag-
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ing marker for cerebral small vessel disease and more 
closely related to chronic ischemic damage in the brain 
than CMBs.9 Interestingly, WMH was related to not 
only future ischemic events but also the occurrence of 
intracerebral hemorrhage because of the frailty of small 
vessels in the brain by chronic ischemic insults.10,11 
Because some clinicians prescribe antiplatelet drugs in 
asymptomatic subjects with advanced WMH to prevent 
additional ischemic insult, it would be interesting to 
evaluate the effects of aspirin use on the presence of 
CMBs according to WMH volume.

SUBJECTS AND METHODS

We initially recruited a consecutive series of 1,646 
neurologically asymptomatic subjects who visited Seoul 
National University Hospital Health Promotion Center 
for routine health check-ups between January 2006 and 
December 2011 in different centers from the previous 
study.3 Asymptomatic subjects were defined as those 
who had not complained of any neurological symptoms 
or signs. Four subjects were excluded because they did 
not undergo adequate MRI; finally, 1,642 subjects’ data 
were included in the analysis. Clinical information was 
obtained through personal interviews, and a physical 
examination was performed by a trained physician. 

This study was approved by the Institutional Review 
Board of Seoul National University Hospital (IRB No. 
1502-026-647).

Hypertension was defined as a high systolic blood 
pressure (≥140 mmHg), a high diastolic blood pressure 
(≥90 mmHg), or the use of antihypertensive drugs when 
the subject visited. Subjects were considered to have 
diabetes if their fasting glucose level was ≥126 mg/dL 
or they reported the current use of antidiabetic agents. 
Hyperlipidemia was defined as a total cholesterol >240 
mg/dL or use of cholesterol-lowering drugs when the 
subjects were enrolled. Information about aspirin use, 
the presence of concomitant coronary artery disease, 
and cigarette smoking were obtained using a structured 
questionnaire. Total cholesterol, high-density lipopro-
tein cholesterol, and triglyceride levels were measured 
after fasting for ≥8 hours.

CMBs were defined as a well-demarcated focal le-
sion less than 5 mm in diameter with a low signal on 
gradient-recalled echo (GRE) MRI. WMH volume was 
analyzed by a stroke neurologist (H-YJ) using the previ-
ously defined method.12 MRI was performed at 1.5-Tesla 
field strength (Magnetom SONATA, Siemens, Munich, 
Germany or SIGNA, GE Healthcare, Milwaukee, WI, 
USA). The imaging protocol consisted of T1-weighted 
(repetition time/echo time=500/11 ms), T2-weighted 
(repetition time/echo time=5,000/127 ms), and fluid-at-
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Table 1. Baseline characteristics according to the presence of cerebral microbleeds

Total (n=1,642)
Cerebral microbleeds

p-value
Yes=69 No=1,573

Age (years) 56±9 63±8 55±9 <0.01

Sex (male) 861 (52) 40 (58) 821 (52) 0.39

Hypertension (yes) 449 (27) 35 (51) 414 (26) <0.01

Diabetes (yes) 181 (11) 15 (22) 166 (11) <0.01

Hyperlipidemia (yes) 200 (12) 10 (15) 190 (12) 0.57

Coronary artery disease (yes) 44 (3) 3 (4) 41 (3) 0.38

Smoking (yes) 713 (43) 29 (42) 684 (44) 0.90

Total cholesterol (mg/dL) 199±35 202±34 199±35 0.51

Triglyceride (mg/dL) 123±75 126±60 123±76 0.69

HDL-cholesterol (mg/dL) 54±14 53±12 54±14 0.48

Aspirin use (yes) 126 (8) 9 (13) 117 (7) 0.11

The volume of WMH (mL) 2.7±5.8 9.9±17.4 2.4±4.4 <0.01

Values are presented as number (%) or mean±standard deviation.
HDL; high-density lipoprotein, WMH; white matter hyperintensity.
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tenuated inversion recovery imaging (repetition time/
echo time=8,800/127 ms; inversion time=2,250 ms). 
Twenty-four transaxial slices per scan were selected 
with a 5-mm slice thickness and a 1-mm interslice gap. 
T2*-weighted GRE MRI was performed in the axial 
plane with the following parameters: repetition time/

echo time, 500/15 ms; flip angle, 26°; slice thickness, 
5 mm; and gap width, 1 mm). MR images were inde-
pendently evaluated by two stroke neurologists (J-SL 
and H-MK).13 

We performed Student’s t-test or the Wilcoxon’s 
rank-sum test for continuous variables and the χ2 test 

Table 2. Baseline characteristics according to the presence of aspirin use status

Aspirin use
p-value

Yes=126 (7.2) No=1,516 (92.3)

Age (years) 60±8 55±9 <0.01

Sex (male) 76 (60) 785 (52) 0.07

Hypertension (yes) 79 (63) 370 (24) <0.01

Diabetes (yes) 33 (26) 148 (10) <0.01

Hyperlipidemia (yes) 46 (37) 154 (10) <0.01

Coronary artery disease (yes) 16 (13) 28 (2) <0.01

Smoking (yes) 60 (48) 653 (43) 0.32

Total cholesterol (mg/dL) 192±37 199±34 0.02

Triglyceride (mg/dL) 118±60 123±76 0.54

HDL-cholesterol (mg/dL) 53±13 54±13 0.25

CMBs 9 (7) 60 (4) 0.09

The volume of WMH (mL) 4.3±8.3 2.6±5.5 0.03

Values are presented as number (%) or mean±standard deviation.
HDL; high-density lipoprotein, CMB; cerebral microbleeds, WMH; white matter hyperintensity.

Table 3. Variables according to the quartiles of volumes of white matter hyperintensity

Quartiles of WMH volume
p-valueQ1 (≤0.3 mL) 

(n=452)
Q2 (>0.3 and ≤1.2 

mL) (n=397)
Q3 (>1.2 and ≤2.8 

mL) (n=385)
Q4 (>2.8 mL) 

(n=408)

Age (years) 51±8 53±8 57±8 62±8 <0.01

Sex (male) 239 (53) 200 (50) 204 (53) 218 (53) 0.73

Hypertension (yes) 75 (17) 88 (22) 117 (30) 169 (41) <0.01

Diabetes (yes) 24 (5) 37 (9) 48 (13) 72 (18) <0.01

Hyperlipidemia (yes) 45 (10) 56 (14) 45 (12) 54 (13) 0.26

Coronary artery disease (yes) 6 (1) 11 (3) 12 (3) 15 (4) 0.03

Smoking (yes) 210 (47) 168 (42) 167 (43) 168 (41) 0.02

Total cholesterol (mg/dL) 198±35 199±34 202±35 199±37 0.25

Triglyceride (mg/dL) 124±72 122±83 121±76 122±71 0.88

HDL-cholesterol (mg/dL) 54 ±13 53±13 55±14 55±14 0.43

Aspirin use (yes) 16 (4) 33 (8) 33 (9) 44 (11) <0.01

The presence of CMBs (yes) 5 (1) 10 (3) 13 (3) 41 (10) <0.01

Values are presented as number (%) or mean±standard deviation.
WMH; white matter hyperintensity, Q; quartile, HDL; high-density lipoprotein, CMB; cerebral microbleeds.
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or Fisher’s exact test for categorical variables. Spear-
man’s nonparametric correlation analysis was used to 
evaluate trends according to WMH volume quartiles. 
We calculated the odds ratios (ORs) and 95% confidence 
intervals (CIs) of the presence of CMBs according to the 
groups of aspirin use using binary logistic regression 
analyses. Multivariate analyses were performed after 
adjustment for possible confounding factors of age, 
sex, hypertension, diabetes, smoking, aspirin use, and 
WMH volume. Interrater agreement was estimated 
using the κ statistic for CMB evaluation in the image. 
All statistical analyses were performed using IBM SPSS 
Statistics 21 (IBM Co., Armonk, NY, USA), and two-
tailed probability values <0.05 were considered signifi-
cant. 

RESULTS

Among the 1,642 subjects, 69 (4.2%) had CMBs and 
126 (8%) had taken aspirin. The mean WMH volume 
was 2.7±5.8 mL (range 0–107 mL). The mean patient age 
was 56±9 years (range 24–83 years). Interrater agreement 
for CMB evaluation in the image was moderate (κ=0.83). 
With regard to CMB occurrence, hypertension (51% vs. 
26%, p<0.01) and diabetes (22% vs. 11%, p<0.01) were sig-
nificantly more prevalent, while age (63±8 vs. 55±9 years, 
p<0.01), and WMH volume (9.9±17.4 vs. 2.4±4.4 mL, 
p<0.01) were significantly higher in subjects with CMBs 
(Table 1). There was no significant intergroup differ-
ence in aspirin use (13% vs. 7%, respectively, p=0.11). Sig-
nificantly more subjects had hypertension (63% vs. 52%, 
p<0.01), diabetes (26% vs. 10%, p<0.01), hyperlipidemia 
(37% vs. 10%, p<0.01), coronary artery disease (13% vs. 2%, 
p<0.01), older age (60±8 vs. 55±9, p<0.01), higher WMH 
volume (4.3±8.3 vs. 2.6±5.5 mL, p=0.03), and lower total 

cholesterol level (192±37 vs. 199±34, p=0.02) in aspirin 
users (Table 2). 

According to WMH volume quartiles, higher WMH 
volume was associated with older age and the presence 
of hypertension and diabetes (Table 3). The proportions 
of CMBs and aspirin use were higher in the highest 
quartile for WMH volume than in the lowest quartile 
(10% vs. 1% for CMBs, and 11% vs. 4% for aspirin use).

In each quartile of WMH volume, the proportions of 
aspirin use did not differ according to CMBs (Table 4).  
In the univariate analysis, increased age, presence of 
hypertension and diabetes, and higher WMH volume 
were significantly associated with the presence of 
CMBs, but aspirin use did not increase the OR sig-
nificantly for the presence of CMBs (Table 5; crude 
OR 1.87; 95% CI 0.90–3.86). In the multivariate logistic 
regression analysis, age, hypertension, and increasing 
WMH volume were still associated with the presence of 
CMBs. As in the univariate analysis, aspirin use did not 

Table 4. The proportion of aspirin use in groups with or without CMBs according to quartiles of WMH volume

WMH volume Q1 WMH volume Q2 WMH volume Q3 WMH volume Q4

CMB (-) 
(n=447)

CMB (+) 
(n=5)

CMB (-) 
(n=387)

CMB (+) 
(n=10)

CMB (-) 
(n=372)

CMB (+) 
(n=13)

CMB (-) 
(n=367)

CMB (+) 
(n=41)

Aspirin use (yes) 16 (3.6) 0 (0) 31 (8) 2 (20) 32 (8.6) 1 (7.7) 38 (10.4) 6 (14.6)

p-value 1.0 0.20 1.0 0.42

Values are presented as number (%).
CMB; cerebral microbleeds, WMH; white matter hyperintensity, Q; quartile.

Table 5. Logistic regression model for the presence of cere-
bral microbleeds

The presence of cerebral  
microbleeds

Crude OR  
(95% CI)

Adjusted OR 
(95% CI)

Age (per 1 year) 1.10 (1.07–1.13) 1.06 (1.03–1.10)

Sex (male) 1.26 (0.78–2.06) 0.75 (0.37–1.49)

Hypertension (yes) 2.88 (1.77–4.68) 1.79 (1.05–3.06)

Diabetes (yes) 2.35 (1.30–4.27) 1.47 (0.78–2.79)

Smoking (yes) 0.94 (0.58–1.54) 0.79 (0.39–1.58)

Aspirin use (yes) 1.87 (0.90–3.86) 0.93 (0.41–2.09)

WMH volume (per 1 mL) 1.09 (1.06–1.13) 1.06 (1.03 -1.09)

OR; odd ratio, CI; confidence interval, WMH; white matter  
hyperintensity.
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increase and was not related to the presence of CMBs 
(Table 5). 

DISCUSSION

In this study, aspirin use was not associated with 
the presence of CMBs, even in patients with advanced 
WMH and more prevalent CMBs. Isolated cerebral 
WMH is not an indication for antiplatelets including 
aspirin. Nevertheless, several physicians prefer to pre-
scribe antiplatelet therapy for patients with WMH who 
have multiple vascular risk factors such as hyperten-
sion, diabetes, and hyperlipidemia. Our data suggest 
that in neurologically healthy patients, this type of 
prescription may not be appropriate with regard to the 
existence of CMBs. 

In the previous meta-analysis, the detection of CMBs 
was related to antiplatelet use in the stroke population, 
which can be considered to have compromised and vul-
nerable background brain structure.6 In the context of 
this result, we postulated that when WMH, which also 
represents chronic brain damage and susceptibility to 
future stroke, increases in the non-stroke population, 
aspirin use may be related to CMBs as in the stroke 
population. Although our results showed a negative re-
lationship between aspirin use and CMB occurrence in 
relation to WMH, a strong correlation between WMH 
and CMBs, which share a common pathophysiology of 
cerebral small vessel diseases such as hypertensive arte-
riolopathy or cerebral amyloid angiopathy,9 was consis-
tently found in our study. 

Compared with our previous study of the elderly 
population from a different center,3 the prevalence of 
CMBs was lower in this study because we included an 
all-age population. Therefore, chronological age and 
hypertension were clearly associated with the presence 
of CMBs in this study. Furthermore, because the effect 
of diabetes itself without hypertension on small vessel 
diseases in the brain remains controversial,14 the dis-
crepancy between the univariate and multivariate anal-
ysis results showed that diabetes itself might not inde-
pendently influence the existence of CMBs. In contrast 
to previous studies on WMH in the Gangnam survey 
(from a different center),15,16 we measured WMH vol-
ume rather than using visual rating scales. Using this 

strategy, we could obtain a more sensitive and objec-
tive cut-off value for WMH in the younger population. 
Moreover, our study did not show a difference in CMB 
presence with respect to total cholesterol level, which 
was in contrast to previous studies.17,18 We assume that 
this was based on population discrepancy because our 
research was subject to neurologically healthy patients. 

This study has a few caveats that require careful con-
sideration. First, since our study was a cross-sectional, 
observational evaluation for aspirin use with CMBs, 
longitudinal studies with follow-up data for CMBs are 
required to evaluate the causal relationship between 
them. Second, in subjects with vascular risk factors 
but without a history of clinical stroke, aspirin is the 
most popular medication for the primary prevention of 
stroke in South Korea. Therefore, it was challenging to 
gather information of other types of antithrombotics in 
our study population. Third, as we acquired data from 
self-reported questionnaires, there is an uncertainty 
in ascertaining the exact medical history, especially for 
investigating indications of aspirin use. In a future pro-
spective study, the effects of other antithrombotics and 
aspirin may be considered. 

The association between antiplatelet use and CMBs 
remains controversial. Considering the notable side 
effects of antithrombotic use, vigorous efforts are re-
quired to identify intermediary radiological and clinical 
markers such as CMBs and WMH with regard to intra-
cranial hemorrhage. 
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