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Background: This study aimed to investigate the risk factors and patterns of cerebral microbleeds (CMBs) in Parkinson dis-
ease (PD) and the impact of CMBs on cognitive function and quality of life (QoL).

Material/Methods: Patients with PD that underwent susceptibility-weighted imaging were recruited and divided into CMB-free, lo-
bar-CMB, deep-CMB, and mixed-CMB groups according to CMB location. Motor function (MDS-UPDRS Ill), cog-
nitive abilities (MoCA, MMSE), and QoL (PDQ-39) were compared among groups. The risk factors for CMBs in
patients with PD and the association between CMBs and cognition and QoL were analyzed using multivariable
logistic regression models and linear regression models.

Results: Among the 209 patients with PD, 42 (20.1%) had CMBs. Lobar, deep, and mixed CMBs were observed in 15
(35.7%), 17 (40.5%), and 10 (23.8%) patients, respectively. A higher frequency of hypertension was indepen-
dently associated with deep CMBs (odds ratio [OR]=4.379, 95% Cl: 1.405-13.643, P=0.011). The deep-CMB and
mixed-CMB groups had lower MoCA scores and MMSE scores than the CMB-free group, especially in domains
of naming, attention, and orientation (P<0.05). Additionally, the presence of CMBs was associated with lower
MMSE (R?=0.140, B=-0.301, P<0.001) and MoCA (R?=0.104, $=-0.289, P<0.001) and higher PDQ-39 (R?=0.052,
B=0.227, P<0.05) scores, while the association between CMBs and PDQ-39 disappeared after adjustment of
MMSE or MoCA as a covariate.

Conclusions: The results suggest that hypertension was associated with the occurrence of deep CMBs. Comorbidity with
CMBs may impair cognitive function and indirectly reduce the QoL in patients with PD.
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Background

Parkinson disease (PD) is the second most common neurodegen-
erative disorder after Alzheimer disease [1]. Cognitive impairment
is one of the most severe non-motor symptoms of PD, and up to
80% of patients eventually develop dementia, which significantly
affects the prognosis and quality of life (QoL) of patients with PD
[2]. Although the prevalence of cognitive dysfunction is high in
patients with PD, the underlying pathophysiology is still unclear.

Cerebral microbleeds (CMBs) are a subclinical lesion of cere-
bral parenchyma caused by microvascular lesions in the brain,
which present as homogenous hypointense lesions on imag-
ing [3]. Previous studies showed that CMBs affect cognition
in healthy older adults and patients with ischemic stroke or
Alzheimer disease [4-6]. Recently, CMBs were found in approx-
imately 15% to 20% of patients with PD, especially those with
dementia [7,8]. However, a study found that although CMBs
were not rare in patients with PD, the comorbidity with CMBs
did not affect various cognitive domains [9]. Thus, it remains
controversial whether CMBs affect the cognitive function of
patients with PD. The controversy may be related to the use
of different magnetic resonance imaging (MRI) scanner types
and MRI sequences to evaluate CMBs. Moreover, the assess-
ment scales of cognitive function and the location of CMBs
may also be important reasons for the inconsistent results.

Susceptibility-weighted imaging (SWI) that provides image con-
trast enhancement based on the T2-weighted gradient-echo
has a unique display ability for detecting CMBs with a diam-
eter of 2 to 5 mm, which cannot be detected by computed

Qin Q et al:
Effect of cerebral microbleeds in Parkinson disease
© Med Sci Monit, 2022; 28: €935026

tomography and conventional MRI [10,11]. Based on the de-
tection of CMBs by SWI, the purpose of the present study was
to (1) explore the risk factors for CMBs at different locations,
(2) explore the cognitive function and QoL in patients with PD
with CMBs at different locations, and (3) explore the associa-
tion of CMB burden and cognitive function and QoL. Our study
may help clarify the potential correlation between CMBs and
cognition and QoL in patients with PD and the value of appro-
priate management of CMBs in the treatment of PD.

Material and Methods

Patient Selection

We retrospectively included patients with PD whose age of on-
set was >50 years and who underwent SWI in the Department
of Neurology of Tongji Hospital from January 2018 to December
2019. PD was diagnosed according to the Movement Disorder
Society (MDS) Clinical Diagnostic Criteria for PD [12]. Patients
with parkinsonian syndrome, hereditary PD, multiple system at-
rophy, progressive supranuclear palsy, or corticobasal ganglionic
degeneration were excluded. Patients with encephalitis, epilepsy,
traumatic brain injury, cancer, or severe psychiatric illness were
also excluded. Moreover, patients with a contraindication to MRI
scan or incomplete medical records were excluded. To avoid the
potential influence of gene mutation, patients with an onset age
<50 years were excluded. The patient screening process is de-
picted in Figure 1. Our study was approved by the Institutional
Review Board of Tongji Hospital, Tongji Medical College, Huazhong
University of Science and Technology (T)-IRB20211117).

Figure 1. Flowchart of patient selection.

January 2018 and December 2019 (499)

Parkinson’s disease (PD) patient registered at Tongji hospital between
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Sample Size Estimation

PASS 15 Power Analysis and Sample Size Software (2017) (NCSS,
LLC, Kaysville, Utah, USA, ncss.com/software/pass.) were used to
estimate the sample size of the study population. The incidence
of CMBs in patients with PD was reported as approximately 16%
in the Chinese population [13]. With a=0.05, 2-tailed, and a power
of 80%, 392 patients with PD were needed in our study. However,
as shown in Figure 1, based on the inclusion and exclusion cri-
teria, 204 idiopathic patients with PD were enrolled between
January 2018 and December 2019. Therefore, we ultimately re-
quired 135 patients according to n=n/(1+n/N) (n=final sam-
ple size, N=total population, n =sample size calculated by PASS).

MRI Data Acquisition and CMB Assessment

All patients with PD were examined using 3.0-T MRI devices
(Discovery MR750, GE Medical Systems, Milwaukee, WI, USA)
at Tongji Hospital, Tongji Medical College. The FuncTool soft-
ware accompanying the 3.0-T MRI devices was used to cor-
rect and process the images.

CMBs were homogenous hypointense lesions on T2*-weighted
or SWI MRI images, with a diameter of approximately 2 to 10
mm [14]. The location and number of CMBs were determined
by 2 trained neurologists who were blinded to the patients’ clin-
ical data, based on the MRI acquired. According to anatomical
location, CMBs were classified as lobar, deep, and mixed CMBs
(including deep and lobar). The typical characteristics of CMBs
in different locations are shown in Supplementary Figure 1.

Clinical Assessment

Demographic data, including age, sex, education, age at onset,
disease duration, vascular risk factors, including hypertension,
diabetes, and smoking, and histories of ischemic stroke and cor-
onary heart disease, were recorded. Plasma levels of cholesterol,
triglycerides, low-density lipoprotein (LDL), high-density lipopro-
tein, homocysteine, and uric acid during hospitalization were also
recorded. Orthostatic hypotension was defined as a 20-mm Hg
drop in systolic blood pressure or a 10-mm Hg drop in diastolic
blood pressure within 3 min from lying to standing position, with
or without postural symptoms. Levodopa equivalent daily dos-
age (LEDD) was calculated as described in a previous study [15].

The severity and stage of motor symptoms were assessed with
the Unified Parkinson’s Disease Rating Scale Part IIl (UPDRS III)
and Hoehn and Yahr scale (HY) during the off state. Cognitive
function was evaluated by the Mini Mental State Examination
(MMSE) and Montreal Cognitive Assessment (MoCA) [16]. The
Hamilton Anxiety Rating Scale (HAMA), Hamilton Depression
Rating Scale (HAMD), REM Sleep Behavior Disorder Screening
Questionnaire (RBDSQ), and Epworth Sleepiness Scale (ESS)
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were used to evaluate anxiety, depression, REM sleep behav-
ior disorder (RBD), and daytime sleepiness, respectively. The
Parkinson’s Disease Quality of Life Questionnaire, consisting of
39 items (PDQ-39), was used to evaluate QoL [20]. The PDQ-39
scores and subdomain scores were standardized and shown as
a summary index. A higher PDQ-39 score indicates a worse QoL.

Statistical Analysis

Statistical analysis was performed using SPSS version 26.0 (IBM
Corp, Armonk, NY, USA). Continuous variables are presented
as means and standard deviations or medians and interquar-
tile ranges. Categorical variables are presented as frequencies
(%). For comparison among the 4 groups, the chi-squared test
was used for categorical variables, the 1-way ANOVA test or
Kruskal-Wallis test was used for continuous variables, and the
Bonferroni correction method was used for multiple compari-
sons. Multiple-adjusted logistic regression models were used
to explore the risk factors for CMBs. Variables with P<0.05 in
univariate analysis were included in the multivariate model.
Model 1 was adjusted for age, Model 2 for sex, education lev-
els, disease duration, and Model 3 for Model 2+adjustment for
hypertension, diabetes, coronary heart disease, ischemic stroke,
and smoking status. Multiple linear regression models were
used to evaluate the associations of CMBs with cognition and
QoL. A 2-tailed P<0.05 was considered statistically significant.

Results

Characteristics of Participants

The general characteristics of patients are shown in Table 1.
Of the 204 patients with PD, 42 (20.59%) had CMBs. According
to the location of CMBs, patients were divided into a CMB-
free group (n=162), lobar-CMB group (n=15), deep-CMB group
(n=17), and mixed-CMB group (n=10). The groups did not show
differences in sex, age, educational level, disease duration, and
LEDD. Compared to that in the CMB-free group, the frequency
of hypertension was higher in the lobar-CMB group (22.2% vs
46.7%), deep-CMB group (22.2% vs 52.9%), and mixed-CMB
group (22.2% vs 30.0%). Further, a history of ischemic stroke
was more common in the deep-CMB group (3.1% vs 17.6%)
and mixed-CMB group (3.1% vs 10.0%). In addition, LDL-C lev-
els were higher in the deep-CMB group than in the CMB-free
group (3.41+3.27 mmol/L vs 2.47+0.81 mmol/L).

Risk Factors for CMB in Different Regions in Patients with
PD

The associations between hypertension, ischemic stroke, and
LDL-C levels and CMBs were analyzed using multivariable-ad-
justed logistic regression models, and the results are shown
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Table 1. Clinical characteristics of patients with PD with or without cerebral microbleeds.

CMBs free Lobar CMBs Deep CMBs Mixed CMBs

(n=162) (n=15) (n=17) (n=10)

Male, n (%) 97 (59.9) 9 (60.0) 9 (52.9) 5 (50.0) 0.886

Uric acid (umol/L) 304.27499.85 302.46+98.00 321.59+58.59 295.70+73.37 0.891

Categorical variables are reported as numbers and percentages; continuous variables are reported as means+standard deviations.
Comparison among groups was performed using the chi-squared test or 1-way ANOVA test, or Kruskal-Wallis test as appropriate.
Bonferroni corrections were used for multiple comparisons. “a” and “b”: If the letters or number are different, the comparison between
the 2 groups was statistically significant, and vice versa. CMBs — cerebral microbleeds; BMI — body mass index; OH — orthostatic
hypotension; LEDD - levodopa equivalent daily dosage at admission; GHb — glycosylated hemoglobin; TG — triglyceride; TC — total
cholesterol; LDL-C — low-density lipoprotein-cholesterol; HDL-C — high-density lipoprotein-cholesterol; HCY — homocysteine.
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Table 2. Motor symptoms and non-motor symptoms of participants.

CMBs free

(n=162) (n=15)

Lobar CMBs

CLINICAL RESEARCH

Mixed CMBs
(n=10)

Deep CMBs
(n=17)

Data are presented as medians and interquartile ranges (IQR). The comparison of groups was performed by Kruskal-Wallis test,
and Bonferroni corrections were used for multiple comparisons. #* Compared with CMBs free group, the difference was statistically
significant. CMBs — cerebral microbleeds; UPDRS-IIl — unified Parkinson’s Disease Rating Scale Part Ill; MMSE — Mini Mental State
Examination; MoCA — Montreal Cognitive Assessment; HAMA — Hamilton Anxiety Rating Scale; HAMD — Hamilton Depression Rating
Scale; RBDSQ — rapid-eye-movement sleep behavior disorder screening questionnaire; ESS — Epworth sleepiness score.

in Supplementary Table 1. A higher frequency of hypertension
was correlated with lobar CMBs and deep CMBs in model 1,
while the association was not significant in models 2 and 3 in
the lobar-CMB group. A history of ischemic stroke was asso-
ciated with deep CMBs in models 1 and 2, while the correla-
tion was not significant in model 3. LDL-C levels were not as-
sociated with any CMBs in patients with PD.
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Comparison of Motor Symptoms and Non-Motor
Symptoms Among Groups

In cognitive function, the MMSE and MoCA scores were signif-
icantly lower in the deep-CMB group and mixed-CMB group
than in the CMB-free group (Table 2). The subdomain score of
naming and orientation in the mixed-CMB group and atten-
tion in the deep-CMB group were lower than in the CMB-free
group (all P<0.05). Regarding motor function, rigidity scores
differed among the 4 groups (P=0.030), while no difference
was found between groups in multiple-adjusted comparisons.
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Table 3. Quality of life assessment in patients with different locations of cerebral microbleeds.

CMBs free Lobar CMBs

(n=15)

Deep CMBs
(n=17)

Mixed CMBs
(n=10)

(n=162)

PDQ-39 SI 24.83+13.55 30.94+15.46 28.51+14.14 39.36+12.40% 0.012
CMobiltyst 205262355 4433129 345662653 477562344 0035
Activity of daily lving S| 280262039 38.89£20.99 303942323 5041:2173% 0023
Emotional wellbeings S| 27.48£1826  3L67417.27  2868#19.40 262581763 0860
Cstigmas 243262314 250013116 257482613 3738:1680 0228
CSocialsupportSI 81741703 778:1492  882+1653  1083:2005 0984
CCognitionssi 278841981 201741942 350582052 417081943 0037
Communicationsl 160842018 249942419 171642676 266742144 0189
Bodily discomfort S| 192312018 155541506 25981689 2000£1809 0208

Data are presented as meanss+standard deviation. The comparison among groups was performed using Kruskal-Wallis test, and
Bonferroni corrections were used for multiple comparisons. # Compared with CMB-free group, the difference was statistically
significant. CMBs — cerebral microbleeds; PDQ - 39-item Parkinson’s disease questionnaire; SI — summary index.

There was no difference in HY stage, HAMD, HAMA, RBDSQ,
ESS scores, and other subdomains of the UPDRS-II and MoCA
among the 4 groups.

Assessment of QoL Among Groups

Qol assessed by the PDQ-39 is shown in Table 3 and
Supplementary Figure 2. QoL was more impaired in patients
with CMBs than in those without CMBs (mixed-CMB group
>lobar-CMB group >deep-CMB group >CMB-free group). The
subdomain score of mobility, activity of daily living, and cog-
nition were significantly different between groups (P=0.035,
P=0.023, and P=0.037, respectively). Multiple-adjusted compari-
sons showed that only activity of daily living remained different
between the mixed-CMB and CMB-free groups (50.41+21.73
vs 28.02+20.39, P<0.05).

Association Between CMBs and Cognition and QoL

Linear regression analysis showed that the presence of CMBs
was associated with lower MMSE (R2=0.140, B=-0.301, P<0.001)
and lower MoCA (R?=0.104, 3=-0.289, P<0.001) scores in pa-
tients with PD after adjustment for sex, age, education lev-
els, disease duration, and LEDD. Regarding Qol, although the
presence of CMBs was correlated with more severe mobility
(R2=0.033, B=0.181, P=0.011), activity of daily living (R?=0.041,
=0.202, P=0.007), and cognition (R?=0.038, $=0.195, P=0.009),
the significance disappeared (P=0.188, P=0.159, P=0.346, re-
spectively) after adjustment for sex, age, education levels, dis-
ease duration, LEDD, UPDRS-IIl, and MMSE or MoCA (Table 4).
Additionally, there were significant associations between
the PDQ-39 summary index and MMSE (R?=0.130, p=-0.310,

P<0.001) and MoCA (R?=0.107, p=-0.257, P=0.000) scores af-
ter adjustment for the above variables.

Discussion

The present study demonstrated that CMBs were found in
20.59% of patients with PD. Higher frequency of hyperten-
sion was an independent risk factor for the occurrence of deep
CMB but not lobar CMB. Patients with CMBs had worse cog-
nitive function in the domains of naming, orientation, and at-
tention. Although after adjustment for MMSE or MoCA, the
association between CMBs and QoL was not significant, QoL
was independently correlated with cognition. These results
suggest that CMB might be an important contributor to cog-
nitive dysfunction and an indirect damaging factor for QoL in
patients with PD.

The CMB pattern depends on the underlying pathological mech-
anisms [17]. Lobar CMBs are related to cerebral amyloid an-
giopathy involving the leptomeningeal and cortical arteries,
while deep or infratentorial CMBs can be related to hyperten-
sive microangiopathy that damages small perforating arteries
in the deep gray matter [18,19]. In the present study, a higher
frequency of hypertension was identified as an independent
risk factor for deep CMBs. These results were partially consis-
tent with the study by Yamashiro et al, in which hypertension,
orthostatic hypotension, and a history of ischemic stroke were
associated with CMBs [20]. However, there were no significant
differences in orthostatic hypotension and history of ischemic
stroke between patients with and without CMBs in our study.
This was probably due to the strict exclusion criteria of the

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€935026-6




Qin Q et al:
Effect of cerebral microbleeds in Parkinson disease
© Med Sci Monit, 2022; 28: €935026

CLINICAL RESEARCH

Table 4. The associations of cerebral microbleeds (CMBs) with cognition and quality of life in Parkinson disease.

The presence of CMBs

Cognition
| MMSEtotalscore 0140
MoCAtotalscore 0104
Visuospatial abiltes 0139
Naming 0098
Atenton 0173
Clanguage 0040
Abstacton 0053
Delayed memory 0099
orentaton 0080
QL
Cep@39s 0113
CMobiltyst 0114
Activity of daily lvingsl 0078
Emotional wellbeingssl 0033
Cstigmas 0007
CSocialsupportsi 0020
Ccogntionsi 0093
Communications 0082
Bodiy discomforts 0066

0.301 <0.001
""""""""""""""" 0280 <001
""""""""""""""" os oo
""""""""""""""" o7 oo0
""""""""""""""" 098 <001
""""""""""""""" 0037  oe9
""""""""""""""" 003 o
""""""""""""""" o8 oo
""""""""""""""" o1 o050
""""""""""""""" 008 o6
""""""""""""""" 0103 o8
""""""""""""""" o2 o9
""""""""""""""" 0024  ozes
""""""""""""""" 0033 o4
""""""""""""""" 0065 o4
""""""""""""""" o074 o
""""""""""""""" 0022 oms
""""""""""""""" 0045  ose8

Adjusted P values are listed in the table. The association of CMBs with MMSE and MoCA was adjusted for sex, age, education

levels, disease duration, and LEDD. The association of CMBs with QoL was adjusted for sex, age, education levels, disease duration,
LEDD, UPDRS-IIl, and MMSE or MoCA. # Compared with CMB-free group, the difference was statistically significant. CMBs — cerebral
microbleeds; MMSE — Mini Mental State Examination; MoCA — Montreal Cognitive Assessment; QoL — quality of life; PDQ-39 — 39-item

Parkinson disease questionnaire; SI — summary index.

present study, which excluded patients with parkinsonian syn-
drome caused by ischemic stroke. Future research with long-
term 24-h blood pressure monitoring may help clarify the rela-
tionship between orthostatic hypotension and CMB occurrence.

Although several studies suggested that CMBs were not re-
lated to general cognitive function, the most recent studies
have shown CMBs affect cognitive performance in healthy
older adults and patients with ischemic stroke or Alzheimer
disease [21]. Importantly, CMBs have been found to be more
common in patients with PD with dementia than in those with-
out dementia [4,22], and comorbidity with CMBs can impair
cognitive performance and motor function in patients with

PD [23,24]. Moreover, location-specific analysis in healthy el-
derly patients showed that strictly lobar CMBs were associat-
ed with a decline in global cognition, executive function, and
memory domains, while deep and mixed CMBs were not as-
sociated with cognitive decline [25,26]. In the present study,
deep CMBs had a negative impact on attention-related cogni-
tion, and mixed CMBs damaged naming- and orientation-re-
lated cognitive domains, suggesting that the effect of CMBs
on cognition of patient with PD may be different from that of
healthy elderly patients. Although the exact mechanism under-
lying the impact of CMBs in cognitive impairment in patients
with PD remains unclear, histopathological studies have sug-
gested that the presence of CMBs indicates extensive damage
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to arteries and pathological changes such as glial cell prolif-
eration or neuronal cell necrosis. This ultimately leads to the
destruction of nerve conduction bundles related to cognition
in the white matter [27,28]. Hence, we speculated that CMBs
might impair cognitive function in patients with PD by disturb-
ing the connection of nerve conduction bundles.

Qol is considered a vital outcome indicator in patients with
PD [29]. A broad list of motor and non-motor symptoms was
shown to be important contributors to QoL in patients with
PD [30,31]. In addition, cognitive impairment and severe de-
pression were significantly correlated with poor QoL [32-34].
However, there is a lack of evidence on the relationships between
the presence of CMBs and QoL. In the present study, we found
that the presence of CMBs was associated with QoL in patients
with PD, especially in the domains of mobility, activity of daily
living, and cognition, while the significant association of CMBs
with QoL disappeared after adjusting MMSE or MoCA scores as
a covariate. Because patients with PD have more severe cogni-
tive disorders, we speculated that CMBs might indirectly affect
the QoL of patients with PD by impairing cognitive function.

There are several limitations to our study. First, as a single-cen-
ter retrospective study, there was an inevitable selection bias
because not all hospitalized patients underwent SWI. Moreover,
almost half of the patients with PD were excluded because they
did not meet the inclusion and exclusion criteria. Second, al-
though subgroup analysis of CMBs was done in our study, the

Supplementary Materials
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number of patients with CMBs was relatively small; thus, the
risk factors of CMBs and the correlation between CMBs and
cognition and QoL in PD need further investigation. Third, we
excluded patients with early-onset PD; therefore, the results
may not represent the frequency of CMB-positive patients in
the overall PD population. A multicenter, larger-population,
and longitudinal long-term follow-up study is needed to con-
firm our findings and clarify the impact of CMBs on cognitive
function and QoL in patients with PD.

Conclusions

In conclusion, the present study demonstrated that CMBs
were common in patients with PD and hypertension associ-
ated with deep CMBs. The presence of CMBs affected cogni-
tive performance, particularly in the domains of naming, orien-
tation, and attention, thus affecting the QoL of patients with
PD. Clinically, hypertension management in patients with PD
may be essential to reduce the incidence of CMBs, thereby re-
ducing CMB-associated impairment of cognitive performance
and QoL in patients with PD.

Declaration of Figures’ Authenticity
All figures submitted have been created by the authors, who

confirm that the images are original with no duplication and
have not been previously published in whole or in part.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€935026-8



Qin Q. etal:

Effect of cerebral microbleeds in Parkinson disease CLI N ICAL RES EARCH

© Med Sci Monit, 2022; 28: 935026

Supplementary Figure 1. Patterns of cerebral microbleeds on susceptibility-weighted imaging sequences from patients with PD.
(A) Left parietal lobe, (B) right lenticular nucleus, (C) right cerebellum, (D) right occipital lobe and left

cerebellum.
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Supplementary Figure 2. Subdomains of quality of life in cerebral microbleeds (CMB)-free group, lobar-CMB group, deep-CMB group,
and mixed-CMB group.
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Supplementary Table 1. Identification of risk factors for cerebral microbleeds in patients with Parkinson disease.

Variables

Model 1

Model 2

Model 3

Hypertension
3.103

Lobar CMBs (1.041-9.251) 0.042
4.075

Deep CMBs (1.447-11.479) 0.008

. 1.480

Mixed CMBs (0.342-5.803) 0.636

A history of ischemic stroke

Lobar CMBs / /
6.677

Deep CMBs (1.412-31.573) 0.017
3.100

Mi MB .32

ed CMBs (0.325-9.565) 0325

LDL levels
0.675

Lobar CMBs (0.330-1.382) 0.282
1.429

Deep CMBs (0.967-2.112) 0.073

Mixed CMBs 0.714 0.436

(0.303-1.666)

2943 5870

(0.976-8.874) 0.055 (0.871.9.451) 0.083
4157 2379

(1.462-11.819) 0.008 (1.405-13.643) OO
1.290 0.785

(0.306-5.439) 0.729 (0.143-4.318) s
5.993 2674

w173-30627)  °P' (0ad016325 0%
3353 5 875

032734385 2% (024933209 %
0.735 0.753

O3361607)  °*  (3se16400 07
1.007 1878

(0.924-1.097) 0081 (0.891-3.959) 0.098
0.668 0368 0.655 0340

(0.277-1.610)

(0.272-1.574)

Model 1: Adjusted for age. Model 2: Model 1+adjustment for sex, education levels, and disease duration. Model 3: Model
2+adjustment for hypertension, diabetes, coronary heart disease, ischemic stroke, and smoking status. CMBs — cerebral microbleeds;

OR - odds ratio; Cl — confidence interval.
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