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ABSTRACT　
 
BACKGROUND　 Cerebral microbleeds (CMBs) may increase the risk of future intracerebral hemorrhage and ischemic stroke.
However, It is unclear whether antiplatelet medication is associated with CMBs. This study aimed to investigate the association
between antiplatelet medication and CMBs in a community-based stroke-free population.
 
METHODS　 In this cross-sectional study, stroke-free participants aged 18–85 years were recruited from a community in Beijing,
China. Demographic, clinical, and antiplatelet medication data were collected through a questionnaire, and all participants under-
went blood tests and brain magnetic resonance imaging at 3.0T. The presence, count, and location of CMBs were evaluated using
susceptibility-weighted imaging. The association between antiplatelet medication and the presence of CMBs was analyzed using
multivariable logistic regression. The associations between antiplatelet medication and CMBs by location (lobar, deep brain or in-
fratentorial, and mixed regions) were also analyzed using multinomial logistic regression. A linear regression analysis was con-
ducted to determine the association between antiplatelet medication and the log-transformed number of CMBs.
 
RESULTS　 Of the 544 participants (mean age: 58.65 ± 13.66 years, 217 males), 119 participants (21.88%) had CMBs, and 64 parti-
cipants (11.76%) used antiplatelet medication. Antiplatelet medication was found to be associated with CMBs at any location [odds
ratio (OR) = 2.39, 95% CI: 1.24–4.58] and lobar region (OR = 2.83, 95% CI: 1.36–5.86), but not with the number of CMBs (β = 0.14,
95% CI: -0.21–0.48). Among antiplatelet medications, aspirin use was found to be associated with any CMB (OR = 3.17, 95% CI: 1.49–
6.72) and lobar CMBs (OR = 3.61, 95% CI: 1.57–8.26).
 
CONCLUSIONS　 Antiplatelet medication was associated with CMBs in stroke-free participants, particularly lobar CMBs. Among
antiplatelet medications, aspirin use was associated with any CMB and lobar CMBs. Our findings suggest that it might be essent-
ial to optimize the management of antiplatelet medication in the stroke-free population with a higher burden of vascular risk fac-
tors to reduce the potential risk of CMBs.

 

 

C erebral microbleeds (CMBs) are hypoin-
tense lesions detected by susceptibility-
weighted imaging (SWI). Pathologically,

CMBs are small foci of blood cell leakage, represent-
ing perivascular hemosiderin deposits.[1] As a sub-
clinical period of cerebrovascular disease, CMBs can
predict the future risks of stroke, death, and demen-
tia in the general population.[2–4] It is beneficial to

identify the risk factors for CMBs to facilitate the pri-
mary prevention of CMBs and subsequent intrace-
rebral hemorrhage.

Antiplatelet medication is crucial for managing vas-
cular diseases, mainly to prevent ischemic stroke and
myocardial infarction, but its use can increase the risk
of intracerebral hemorrhage simultaneously. Alth-
ough increasing evidence has shown that antiplate-
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let medication may play a role in the occurrence of
CMBs,[5–8] studies from the Atherosclerosis Risk in Co-
mmunities (ARIC) and Mayo Clinic Study of Aging
(MCSA) showed that antiplatelet medication did not
increase the risk of CMBs.[9,10] In addition, most pre-
vious studies were conducted in general populations,
including stroke and stroke-free participants, which
may have introduced potential confounding effects.[8–11]

Up to now, few studies have focused on stroke-free po-
pulations.

This study aimed to investigate the association bet-
ween antiplatelet medication and CMBs in the com-
munity-based participants without history of stroke
or transient ischemic attack (TIA) and to explore
whether the association varies in different CMB loc-
ations and specific agents. 

METHODS
 

Study Population

Our study participants were enrolled from an on-
going community study of Cardio- and cerebrovas-
cular Accident Monitoring, Epidemiology, and caRe
quAlity system (CAMERA), which aimed to invest-
igate the risk factor of cerebrovascular disease in a
community-based population in Beijing, China.[12] In
this cross-sectional study, we recruited participants
aged 18–85 years who participated in the CAMERA
study from January 2015 to September 2019. The ex-
clusion criteria of the present study were as follows:
(1) known malignant tumors; (2) severe clinical con-
ditions (such as heart failure, hepatic failure, or re-
nal failure); (3) stenting therapy history; (4) refusal
or contraindications to magnetic resonance imaging
(MRI); (5) pregnancy; (6) dementia; (7) no SWI or
MRI with poor image quality; and (8) stroke or TIA
history. In our study, we excluded the participants
with a history of stroke or TIA to avoid the potential
overestimation or underestimation of the associat-
ion between antiplatelet medication and CMBs.[5] All
participants underwent standardized questionnaire
interviews, physical examinations, serological tests,
and brain MRI.

The Institutional Review Board of Beijing Tiantan
Hospital, Capital Medical University, Beijing, China
approved this study (KY2014-005-02), and all parti-
cipants provided written informed consent before
participating in the study. 

Data Collection

Uniformly trained coordinators conducted anth-
ropometric measurements and face-to-face intervi-
ews using a standard questionnaire to collect infor-
mation on demographic characteristics (age and sex),
behavioral lifestyle [history of smoke (self-repor-
ted, defined as ever versus never) and alcohol con-
sumption], medical history [history of hypertension,
dyslipidemia, diabetes mellitus, and atrial fibrilla-
tion (AF)], and medication history (use of antiplate-
let medication, antihypertensive medication, lipid-
lowering medication, and oral hypoglycemic agents
or insulin). Hypertension was defined as self-repor-
ted physician diagnosis or treatment with antihyper-
tensive medication in the previous two weeks. Dia-
betes mellitus was determined by self-reported phy-
sician diagnosis or treatment with either oral agents
or insulin in the last two weeks or fasting blood glu-
cose (FBG) ≥ 7.0 mmol/L, or hemoglobin A1c (HbA1c)
level ≥ 6.5%.[13] Dyslipidemia was defined according
to a self-reported disease history or if the participant
took lipid-lowering medication treatment in the pre-
vious two weeks. A trained nurse performed a phy-
sical examination to measure height, weight, and
blood pressure (BP). The body mass index was calcu-
lated as weight in kilograms divided by height in
meters squared. The BP was an average of two right
arm measurements, with a 5-min break in between. 

Measurements of Biochemical Parameters

Fasting blood samples were collected in the morn-
ing, and FBG, HbA1c, low-density lipoprotein chol-
esterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), and high sensitivity C-reactive protein were
tested in the central laboratory. 

Imaging Data Collection and Analysis

All participants underwent brain MRI on a 3.0T
MR scanner (Philips Achieva TX, Philips Healthcare,
Best, the Netherlands) using a custom-designed 36-
channel neurovascular coil. For CMB detection, we
used the following imaging protocol and parame-
ters: SWI, fast field echo sequence; repetition time,
24 ms; echo times, 5 ms, 10 ms, 15 ms, and 20 ms; flip
angle, 17 °; field of view, 25.6 cm × 19.2 cm × 12.8 cm;
slice thickness, 2 mm; in-plane resolution, 0.6 mm ×
0.6 mm; and scan time, 4.03 min.
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Two observers reviewed the SWI images indepe-
ndently using a Digital Imaging and Communicat-
ions in Medicine (DICOM) viewer (RadiAnt DICOM
Viewer, Medixant, Poznan, Poland) with consensus,
who were experienced in neuroimaging and blin-
ded to the clinical information. The presence, count,
and location of CMBs were evaluated. CMBs were
defined as very low signal intensity lesions on SWI,
which were small (typically 2–5 mm in diameter, up
to 10 mm), circular, and homogeneous. CMBs, as
the paramagnetic substance, are similar to the ven-
ous signal on the SWI phase image and opposite the
calcification (antimagnetic substances) signal.[14,15]

The identified CMBs were classified into three types
according to different locations: (1) lobar CMBs, loc-
ated in the cortical gray or subcortical white matter;
(2) deep brain or infratentorial CMBs, located in the
basal ganglia, thalamus, white matter of the intern-
al and external capsules, brainstem, or cerebellum;
and (3) mixed CMBs, located in both lobar and deep
brain or infratentorial regions.

Cohen’s kappa values of inter- and intra-observer
reliability in identifying the presence of any CMB
were 0.95 and 0.99, respectively. The intraclass cor-
relation coefficients of inter- and intra-observer reli-
ability in evaluating the count of CMBs were 0.96
and 0.98, respectively. Cohen’s kappa values of inter-
and intra-observer reliability in assessing the loca-
tion of CMBs were 0.95 and 0.99, respectively. 

Statistical Analysis

Variables were presented as mean ± SD for normal
distribution and median (interquartile range) for
non-normal distribution of continuous variables, and
counts (percentages) for categorical variables. The
normal distribution of the data was determined using
the Kolmogorov–Smirnov test. Continuous data were
compared using the independent Student’s t-test
(normal distribution) or Wilcoxon-Mann-Whitney
test (non-normal distribution). Categorical data
were compared using the Pearson’s chi-squared test
or Fisher’s exact probability test (if ≤ 20% of the ex-
pected cell counts were < 5).

The association between antiplatelet medication
and the presence of any CMB was analyzed using
multivariable logistic regression, presenting as odds
ratios (ORs) and 95% CIs. The associations between
antiplatelet medication and CMBs by location were

analyzed using multinomial logistic regression, with
no CMB at any location as a reference for the respo-
nse variable. A linear regression analysis was con-
ducted to determine the association between antip-
latelet medication and the log-transformed number
of CMBs. Age, sex, history of smoke, hypertension,
AF, antihypertensive medication use, lipid-lowering
medication use, oral hypoglycemic agents or insu-
lin, and the levels of HbA1c and LDL-C with P-value <
0.1 in the univariate analysis were adjusted as pote-
ntial confounders.

SAS 9.4 (SAS Institute Inc., Cary, NC, USA) was
used to analyze all data. A two-sided P-value < 0.05
was considered statistically significant. 

RESULTS
 

General Characteristics of the Study Population

From January 2015 to September 2019, 626 parti-
cipants from the CAMERA study were recruited. Of
the 626 participants, 32 participants with MRI con-
traindications, 36 participants with a history of str-
oke, and 14 participants with a history of TIA were ex-
cluded, thus, a total of 544 stroke-free participants
were included in the statistical analysis (Figure 1).
Of the 544 participants, the mean age was 58.65 ±
13.66 years, and 217 participants (39.89%) are male,
and the clinical characteristics of the study popula-
tion are summarized in Table 1.

Of the 544 participants, 119 participants (21.88%)
had at least one CMB. The count of CMB lesions ran-
ged from 1 to 40, 80 participants (14.71%) had one CMB
lesion, 26 participants (4.78%) had two to four CMB
lesions, and 13 participants (2.39%) had more than
four CMB lesions. A total of 78 participants (14.34%)
had CMBs in the lobar region, 23 participants (4.23%)
had CMBs in the deep brain or infratentorial regi-
ons, and 18 participants (3.31%) had CMBs in both
the lobar and deep brain or infratentorial regions
(Table 2).

Compared to the participants without CMB, those
with CMBs were significantly older (67.34 ± 10.83
years vs. 56.21 ± 13.38 years, P = 0.006), predominan-
tly male (54.62% vs. 35.76%, P < 0.001), more likely to
use antiplatelet medication (26.89% vs. 7.53%, P <
0.001), had higher percentages of the history of sm-
oke (21.01% vs. 12.00%, P = 0.012), hypertension
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Figure 1    Flow diagram of inclusion and exclusion of the study.
 

Table 1    Characteristics of participants stratified by CMB presence.

Variables Total (n = 544) CMB present (n = 119) CMB absent (n = 425) P-value
Age, yrs   58.65 ± 13.66   67.34 ± 10.83   56.21 ± 13.38 0.006

Men 217 (39.89%) 65 (54.62%) 152 (35.76%) < 0.001

Antiplatelet medication   64 (11.76%) 32 (26.89%) 32 (7.53%) < 0.001

　Aspirin alone 44 (8.09%) 26 (21.85%) 18 (4.24%)

　Clopidogrel alone   6 (1.10%) 2 (1.68%)   4 (0.94%)

　Cilostazol alone   2 (0.37%) 0   2 (0.47%)

　Dual antiplatelet therapy with aspirin and clopidogrel 12 (2.21%) 4 (3.36%)   8 (1.88%)

History of smoke   76 (13.97%) 25 (21.01%)   51 (12.00%) 0.012

Alcohol consumption 246 (45.22%) 52 (43.70%) 194 (45.65%) 0.706

Medical history

　Hypertension 177 (32.54%) 58 (48.74%) 119 (28.00%) < 0.001

　Dyslipidemia 269 (49.45%) 60 (50.42%) 209 (49.18%) 0.810

　Diabetes mellitus   87 (15.99%) 24 (20.17%)   63 (14.82%) 0.160

　Atrial fibrillation 16 (2.94%) 8 (6.72%)   8 (1.88%) 0.011

History of medication

　Antihypertensive medication 162 (29.78%) 52 (43.70%) 110 (25.88%) < 0.001

　Lipid-lowering medication 145 (26.65%) 43 (36.13%) 102 (24.00%) 0.008

　Oral hypoglycemic agents or insulin   58 (10.66%) 18 (15.13%) 40 (9.41%) 0.074

Physical examination

　Body mass index, kg/m2   24.30 ± 3.38     24.62 ± 3.59     24.21 ± 3.32   0.245

　Systolic blood pressure, mmHg 126.50 ± 16.35 132.61 ± 17.46 124.81 ± 15.64 < 0.001

　Diastolic blood pressure, mmHg   75.27 ± 9.39     75.45 ± 9.45     75.22 ± 9.38   0.820

Laboratory examination

　Fasting blood glucose, mmol/L     5.00 ± 1.05       5.21 ± 1.39       4.94 ± 0.93   0.047

　Hemoglobin A1c, %     5.79 ± 0.73       6.03 ± 0.93       5.73 ± 0.66   0.001

　Low-density lipoprotein cholesterol, mmol/L     2.95 ± 0.84       2.81 ± 0.75       2.99 ± 0.86   0.038

　High-density lipoprotein cholesterol, mmol/L     1.48 ± 0.37       1.46 ± 0.36       1.48 ± 0.38   0.527

　High-sensitivity C-reactive protein, mg/L    0.90 (0.50–1.70)*   0.90 (0.53–1.90)*      0.8 (0.50–1.70)* 0.346

Data are presented as means ± SD or n (%). *Presented as median (interquartile range). CMB: cerebral microbleed.
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(48.74% vs. 28.00%, P < 0.001), and AF (6.72% vs.
1.88%, P = 0.011), more likely to use antihypertens-
ive medication (43.70% vs. 25.88%, P < 0.001), lipid-
lowering medication (36.13% vs. 24.00%, P = 0.008),
and had higher systolic BP (132.61 ± 17.46 mmHg
vs. 124.81 ± 15.64 mmHg, P < 0.001), FBG (5.21 ±
1.39 mmol/L vs. 4.94 ± 0.93 mmol/L, P = 0.047) and
HbA1c level (6.03% ± 0.93% vs. 5.73% ± 0.66%, P <
0.001). 

Antiplatelet Medication Use

Of the 544 participants, 64 participants (11.76%)
received antiplatelet therapy, of whom 44 parti-
cipants (68.75%) used aspirin alone, six participa-
nts (9.38%) used clopidogrel alone, two participa-
nts (3.12%) used cilostazol alone, and 12 participa-
nts (18.75%) used dual antiplatelet therapy with aspi-
rin and clopidogrel. 

Association Between Antiplatelet Medication
and CMBs

The multivariable logistic regression analysis re-
vealed that, after adjusting for age and sex (Model 1,
Table 3), antiplatelet medication was significantly
associated with the presence of any CMB (OR = 2.38,
95% CI: 1.33–4.26, P = 0.003). After further adjust-

ment for a history of smoke, hypertension, AF, and
antihypertensive medication use, lipid-lowering me-
dication use, oral hypoglycemic agents or insulin, Hb-
A1c and LDL-C levels (Model 2), the association be-
tween antiplatelet medication and any CMB rema-
ined statistically significant (OR = 2.39, 95% CI: 1.24–
4.58, P = 0.009).

Considering the CMB location, the use of antipl-
atelet medication was significantly associated with
lobar CMBs (OR = 2.83, 95% CI: 1.36–5.86, P = 0.005), wh-
ereas no significant association was found between
antiplatelet medication and deep or infratentorial
CMBs (OR = 1.63, 95% CI: 0.44–6.02, P = 0.461). Regard-
ing the specific medications of antiplatelet therapy,
the use of aspirin was significantly associated with
CMBs at any location (OR = 3.17, 95% CI: 1.49–6.72,
P = 0.003) and lobar CMBs (OR = 3.61, 95% CI: 1.57–
8.26, P = 0.002; Table 4).

Considering the CMB number, after full adjustm-
ent, the linear regression analysis showed that neit-
her antiplatelet medication (β = 0.14, 95% CI: -0.21–0.48,
P = 0.444) nor aspirin medication (β = 0.10, 95% CI: -0.27–
0.48, P = 0.585) was significantly associated with the
number of CMBs.

Among the 64 participants with antiplatelet med-
ication, 32 participants (50%) had CMBs, including

 

Table 2    Descriptive statistics stratified by CMB location in the 544 participants.

Variables Number Explanation

Any CMB 119 (21.88%)

Lobar CMBs 78 (14.34%) Cortical gray or subcortical white matter

Deep brain or infratentorial CMBs 23 (4.23%) Basal ganglia, thalamus, white matter of the internal and external
capsules, brainstem or cerebellum

Mixed CMBs 18 (3.31%) Both lobar CMBs and deep brain or infratentorial CMBs

Data are presented as n (%). CMB: cerebral microbleed.

 

Table 3    Logistic regression analyses for the association between antiplatelet medication and CMBs.

Variables
Unadjusted Model 1 Model 2

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Any CMB 4.52 (2.63–7.77) < 0.001 2.38 (1.33–4.26) 0.005 2.39 (1.24–4.58) 0.009

Lobar CMBs 5.46 (2.99–9.95) < 0.001 2.90 (1.53–5.49) 0.001 2.83 (1.36–5.86) 0.005

Any lobar CMBs (Lobar CMBs + Mixed CMBs) 5.06 (2.86–8.93) < 0.001 2.62 (1.43–4.82) 0.002 2.53 (1.27–5.04) 0.008

Deep or infratentorial CMBs 2.59 (0.83–8.06) 0.102 1.48 (0.46–4.81) 0.511 1.63 (0.44–6.02) 0.461

Any deep CMBs
(Deep or infratentorial CMBs + Mixed CMBs) 2.98 (1.27–6.98) 0.012 1.55 (0.64–3.78) 0.332 1.63 (0.62–4.32) 0.324

Model 1: adjusted for age and sex. Model 2: adjusted for variables in model 1 plus history of smoke, hypertension, atrial fibrillation,
antihypertensive medication use, lipid-lowering medication use, oral hypoglycemic agents or insulin, hemoglobin A1c level, and low-
density lipoprotein cholesterol level. CMB: cerebral microbleed; OR: odds ratio.
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24 participants (37.5%) with lobar CMBs, four parti-
cipants (6.25%) with deep or infratentorial CMBs,
and four participants (6.25%) with mixed CMBs. Am-
ong the 64 antiplatelet medication users, particip-
ants with CMBs are predominantly males (71.88%
vs. 37.50%, P = 0.006) and had lower HDL-C levels
than those without CMB (1.37 ± 0.35 mmol/L vs.
1.56 ± 0.35 mmol/L, P = 0.035) (supplemental ma-
terial, Table 1S). 

DISCUSSION

In this cross-sectional, observational study, we in-
vestigated the association between antiplatelet med-
ication and CMBs in community-based participants
without stroke or TIA. We found that antiplatelet me-
dication was independently associated with CMBs,
particularly lobar CMBs. Moreover, we found that as-
pirin use may be associated with CMBs at any loca-
tion and lobar CMBs. Our study suggests that opt-
imizing antiplatelet treatment strategies in the str-
oke-free population might be helpful to decrease the
risk of CMBs.

The prevalence of CMBs in our study was slightly
higher than that reported in a study conducted by Li,
et al.[16] (21.88% vs. 18.51%), but lower than that in the
ARIC study (24%)[17] and two studies from the MCSA
study (prevalence: 22.6%[18] and 26.3%[10]). Many
factors are related to the prevalence of CMBs, such
as detection technique, age of participants, and his-
tory of hypertension.[6,19,20] The use of SWI in the pre-
sent study is more sensitive in detecting CMBs than
the T2-weighted gradient-recalled echo sequence
used by Cheng, et al.,[19] which may contribute to the
contradiction. In addition, the older age (mean age:
76 ± 5 years for the ARIC study,[17] 74.1 ± 8.6 years[18]

and 72.6 ± 8.4 years[10] for the two MCSA studies) and
the higher prevalence of hypertension in the parti-
cipants (75% for the ARIC study,[17] 65%[18] and 63%[10]

for the two MCSA studies) may be responsible for
the inconsistency.

In our study population, most CMBs were found
in the lobar region (14.34%), followed by the deep
or infratentorial regions (4.23%) and mixed regions
(3.31%). The Framingham Heart Study (FHS) also
demonstrated that the prevalence of CMBs in the lo-
bar region was higher than that in the deep or infrat-
entorial regions (5.55% vs. 1.93%).[6] In contrast, another
study in a Japanese population reported that CMBs
were more prevalent in the deep or infratentorial
regions than in the lobar region (18.7% vs. 9.6%).[11]

These contradictory findings may be due to the hig-
her prevalence of hypertension in the study of the
Japanese population (56% for the FHS,[6] 70.7% for
the Japanese population[11]). Although the mechan-
ism of CMBs is complex, it seems that CMBs in dif-
ferent locations correspond to different etiologies.
Deep or infratentorial CMBs were more strongly as-
sociated with hypertension than lobar CMBs.[21–23]

It has been widely evidenced that antiplatelet me-
dication use was a risk factor for CMBs in stroke or
TIA patients,[24] but the association between anti-
platelet medication use and CMBs in the stroke-free
population is controversial.[5,6,25] In our study, we
found that antiplatelet medication was independ-
ently associated with CMBs at any location in a co-
mmunity-based stroke-free population, which sug-
gests that proper use of antiplatelet medication in
primary prevention may need to be considered due
to its potential benefits and risks. Similar to our fin-
dings, the Rotterdam Scan study in 2013 reported that

 

Table 4    Logistic regression analyses for the association between aspirin use and CMBs.

Variables
Unadjusted Model 1 Model 2

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Any CMB 6.53 (3.43–12.43) < 0.001 3.18 (1.61–6.31) 0.001 3.17 (1.49–6.72) 0.003

Lobar CMBs 7.68 (3.80–15.54) < 0.001 3.78 (1.79–7.96) 0.001 3.61 (1.57–8.26) 0.002

Any lobar CMBs (Lobar CMBs + Mixed CMBs) 7.39 (3.79–14.41) < 0.001 3.53 (1.74–7.18) 0.001 3.40 (1.55–7.45) 0.002

Deep or infratentorial CMBs 3.45 (0.93–12.73) 0.063 1.85 (0.48–7.14) 0.371 2.06 (0.47–9.00) 0.336

Any deep CMBs
(Deep or infratentorial CMBs + Mixed CMBs) 4.63 (1.81–11.89) 0.001 2.23 (0.83–5.98) 0.110 2.41 (0.83–6.99) 0.107

Model 1: adjusted for age and sex. Model 2: adjusted for variables in model 1 plus history of smoke, hypertension, atrial fibrillation,
antihypertensive medication use, lipid-lowering medication use, oral hypoglycemic agents or insulin, hemoglobin A1c level, and low-
density lipoprotein cholesterol level. CMB: cerebral microbleed; OR: odds ratio.

JOURNAL OF GERIATRIC CARDIOLOGY RESEARCH ARTICLE

414 http://www.jgc301.com; jgc@jgc301.com  



CMBs were more prevalent among users of antipla-
telet medication in stroke-free Dutch participants
(OR = 1.55, 95% CI: 1.01–2.37).[5] On the contrary, Kim,
et al.[25] reported that antiplatelet medication use
was not associated with CMBs in Korean asympto-
matic older adults without a history of stroke or TIA
(OR = 1.10, 95% CI: 0.73–1.66). A possible reason for
this inconsistency may be the low detection rate of
CMB (9.5%) in the study by Kim, et al.[25] We found
that the prevalence of CMB was higher in participa-
nts with antiplatelet medication than in those wit-
hout, suggesting a higher burden of vascular risk
factors in such a population. Participants with ath-
erosclerotic cardiovascular disease may take anti-
platelet medication to prevent cardiovascular events.
The antiplatelet medication inhibits platelet adhe-
sion, aggregation, and activation, and prevents pl-
atelet-vessel wall interaction, vascular inflammat-
ory responses, and atherosclerotic plaque forma-
tion. Thus, long-term antiplatelet medication may
damage the vessel walls, increase leakage of the ar-
terial wall, result in subsequent hemorrhage. This
finding may serve as a reminder to clinicians to car-
efully weigh the benefits and risks of antiplatelet me-
dication.

The association between antiplatelet medication
and the location of CMBs was controversial in pre-
vious studies, even in general populations.[5,6,8] In this
study, we found that antiplatelet medication was as-
sociated with lobar CMBs but not with deep or infra-
tentorial CMBs. Similarly, the risk of lobar CMBs was
higher in antiplatelet medication users in the Ro-
tterdam Scan study in 2009 (OR = 1.63, 95% CI: 1.08–
2.48), which was conducted in the Dutch commun-
ity, including cerebrovascular disease participants.[8]

However, the Rotterdam Scan study in 2013 and the
FHS, which was conducted in stroke-free particip-
ants, reported that antiplatelet medication had a str-
onger association with deep or infratentorial CMBs
(OR = 1.90, 95% CI: 1.05–3.45 and OR = 2.14, 95% CI:
1.08–4.25; respectively), but no significant associat-
ion between antiplatelet medication and lobar CMBs
was found in either study (the Rotterdam Scan study
in 2013: OR = 1.34, 95% CI: 0.81–2.21; the FHS: OR =
1.20, 95% CI: 0.79–1.83).[5,6] Inhomogeneous popula-
tion selection may have contributed to the inconsist-
ency. Lobar CMBs were considered to indicate cer-
ebral amyloid angiopathy, whereas deep or infrat-

entorial CMBs were predominantly caused by hy-
pertensive microangiopathy.[22] Our findings sug-
gest that antiplatelet-associated CMBs may be more
likely associated with cerebral amyloid angiopathy
than hypertension.[18,26] Furthermore, when consid-
ering the specific medications, we found that aspi-
rin rather than clopidogrel or cilostazol was signi-
ficantly associated with CMB at any location and lo-
bar CMBs. In the Rotterdam Scan studies, aspirin use
was associated with an increased risk of lobar CMBs,[8]

and clopidogrel increased the prevalence of deep or
infratentorial CMBs.[5] On the contrary, the FHS by
Romero, et al.[6] and the study by Kim, et al.[25] sug-
gested no significant association between aspirin
use and CMBs in the stroke-free older-adult popu-
lation. Nevertheless, the utilization rate of clopido-
grel or cilostazol was low in our study. Future studies
are warranted to illustrate the association between
specific antiplatelet medications and CMB locations.

In the present study, we found that the presence
of CMBs was higher in participants on lipid-lowering
medications (36.13% vs. 24.00%), but after full adju-
stment, the association between lipid-lowering med-
ications and CMBs presence was no longer signific-
ant, which is consistent with the previous meta-ana-
lysis.[27]
 

STRENGTHS AND LIMITATIONS

The major strengths of our study are as follows:
(1) in order to investigate the association between an-
tiplatelet medication and CMB in stroke-free adults,
we excluded all patients with stroke or TIA to mini-
mize the selection bias; and (2) the use of SWI guaran-
teed the high detection rate of CMBs.[15,19] However,
several limitations of the present study should be no-
ted. Firstly, the number of participants with deep or
infratentorial CMBs in our study population was re-
latively small (n = 23). Secondly, residual confound-
ing influences due to unmeasured confouders may
have affected our results. Since our participants only
contained one anticoagulant user, this potential
confounding effect could not be adjusted in the ana-
lysis. Thirdly, the use of anticoagulant medication
(n = 1), clopidogrel (n = 6), and cilostazol (n = 2) was
relatively low in our study, limiting the investiga-
tion of the association between these medicines and
CMBs. Fourthly, we found the difference in sex and
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HDL-C between presence and absence of CMB am-
ong antiplatelet medication users in the univariate
analyses. However, we failed to further explore their
association due to the limited sample size. Last but
not least, this cross-sectional study can only invest-
igate the association between antiplatelet medica-
tion and CMBs but not the causal effect. Therefore,
our results need to be confirmed in multicenter, la-
rge-scale, prospective cohort studies in the future. 

CONCLUSIONS

Antiplatelet medication was independently asso-
ciated with CMBs in community-based adults with-
out stroke or TIA, particularly lobar CMBs. Among
antiplatelet medications, aspirin use was associated
with CMB at any location and lobar CMBs. Our fin-
dings suggest that it might be essential to optimize
the management of antiplatelet medication in the
stroke-free population with a higher burden of vas-
cular risk factors to reduce the potential risk of CMBs. 
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