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Background: The clinical effect of cerebral microbleeds (CMBs) on cognition has been receiving much research attention, but
results are often inconsistent.
Material/Methods: We searched PubMed, Embase, Web of Science, and some Chinese electronic databases. A total of 15 studies
were included.
Results: Patients with CMBs had higher incidence of cognitive dysfunction (OR 3.14; 95% Cl 1.66-5.92) and lower scores
of cognitive function (SMD was —0.36 [-0.55, -0.18] in the MMSE group and -0.65 [-0.99, —-0.32] in the MoCA
[Montreal Cognitive Assessment] group). The results also indicated that a higher number of CMB lesions led to
more severe cognitive dysfunction (SMD was —2.41 [-5.04, -0.21] in the mild group and -2.75 [-3.50, -2.01] in
the severe group). We also found that cognitive performance was significantly impaired when CMBs were lo-
cated in deep (-0.4 [-0.69, —0.11]), lobar regions (-0.50 [-0.92, —0.09]), basal ganglia (-0.72 [-1.03,-0.41]), and
thalamus brain regions (-0.65 [-0.98, -0.32]).
Conclusions: This meta-analysis showed that CMBs were associated with cognitive dysfunction according to higher number
and different locations of CMBs. Future work should focus on long-term prognosis of continuing cognitive de-
cline and specific treatments to reduce the formation of CMBs.
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Material and Methods

Cerebral microbleeds (CMBs) are radiological entities that ap-
pear as small, rounded, homogeneous, hypointense lesions on
T2*-weighted gradient-recalled echo (T2*-GRE) and suscepti-
bility-weighted imaging (SWI) [1]. CMBs have emerged as an
important new manifestation and diagnostic marker of small
vessel pathology. Although CMBs are generally considered to
be clinically silent, a study on a neurovascular clinical popu-
lation has shown a relation between CMBs and cognitive im-
pairment [2]. Currently, the clinical effect of CMBs on cognition
remains an active field of research [3]. Abnormal small vessels
associated with CMBs are mainly affected by sporadic cerebral
small vessel diseases, including hypertensive arteriopathy and
cerebral amyloid angiopathy (CAA). Hypertensive arteriopathy
and CAA, which are highly prevalent in the elderly, play critical
roles in vascular cognitive impairment [4-6]. Several studies
have shown that these 2 disorders are characterized by differ-
ent patterns of CMB distribution in the brain. Hypertensive ar-
teriopathy is associated with CMBs in deep brain regions (basal
ganglia, thalamus, and brainstem), whereas CAA is character-
ized by CMBs in a lobar distribution [7]. Thus, recognizing the
presence of CMBs may aid in the detection, quantification, and
mapping of the effects of small vessel disease and amyloid de-
position in patients with cognitive impairment. CMBs may be
more specific, particularly if their anatomical distributions are
mapped, for the underlying pathology than some other imag-
ing manifestations of small vessel diseases [8].

Research on the effect of CMBs on cognition has been con-
ducted in different populations, and different conclusions have
been drawn. Some studies have indicated that CMBs are asso-
ciated with lower scores on the Mini-Mental State Examination
(MMSE) [9-11]. Another study has shown that executive dys-
function is more common in people with CMBs and is relat-
ed to CMB location in the frontal lobes or basal ganglia [2].
Multiple CMBs are reportedly associated with lower scores on
tests that are sensitive to processing speed and executive func-
tion. These associations are stronger in patients with multiple
CMBs located in deep or infratentorial regions [12]. By con-
trast, no association between CMBs and cognitive impairment
has been found by other researchers [13-15]. The Rotterdam
Scan Study has recently investigated the association between
the number of CMBs and cognitive dysfunction [16].

Results of the aforementioned studies are inconsistent, partial-
ly because they had relatively small sample sizes. Accordingly,
this meta-analysis was conducted to address important clin-
ical questions about CMBs and cognitive impairment. We
also aimed to quantify the strength of the association be-
tween CMBs and cognitive dysfunction, as well as to quan-
tify and map CMBs, which are correlated with detailed cog-
nitive evaluation.

Search methods

The relevant publications included in this meta-analysis were
acquired from the electronic databases of PubMed, Embase,
Web of Science, China National Knowledge Infrastructure,
Wanfang Data, and China Biology Medicine. The search for
information involved the key words: “cognitive dysfunction,”
“cognitive impairment and microbleeds,” and “small vessel
disease.” The data sources were searched from inception to
31 January 2014. The reference sections of all primary stud-
ies were explored for additional references.

Selection criteria

All potentially relevant studies were reviewed if they met the
inclusion criteria presented below. The titles and abstracts
of the studies were first screened to determine if the stud-
ies met the selection criteria. When the study passed the ini-
tial screening, the entire article text was retrieved. Published
studies with no language or race restrictions were included to
avoid any publication bias. Then, citations related to each eli-
gible study were examined, and all references in the retrieved
articles were evaluated to acquire all relevant studies.

Inclusion and exclusion criteria

For inclusion, all studies had to be case-control, with partic-
ipants divided into CMB and non-CMB groups. Studies on
CMBs and cognitive function that included patients of any
age and sex were considered eligible. CMBs were defined
as small, rounded, or ovoid (rather than linear or curvilin-
ear), blooming, homogeneous, hypointense lesions with di-
ameters less than 10 mm on T2*-GRE or SWI [17]. Outcome
measures included the presence of CMB lesions that met
certain criteria of the Microbleed Anatomical Rating Scale.
CMBs were classified into deep areas, lobar regions, or in-
fratentorial categories. Studies that described CMB lesions
in a more detailed manner were also included when possi-
ble. Deep regions contained the basal ganglia, thalamus, in-
ternal capsule, external capsule, corpus callosum, and deep
and periventricular white matter; lobar regions included the
frontal, parietal, temporal, occipital, and insula; and infraten-
torial regions comprised the brainstem and cerebellum [8].
Studies that presented the number of CMB lesions were also
included in the meta-analysis.

For studies to be eligible, they had to separately evaluate ei-
ther the global cognitive function in the aggregate or the do-
mains of cognitive function. Studies that diagnosed cognitive
dysfunction in various ways, including the MMSE and Montreal
Cognitive Assessment (MoCA), were incorporated. MMSE and
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MoCA were used to test the global cognitive function and cov-
ering domains, including abstraction, attention, delayed recall,
executive language, memory, naming, and orientation [18].
Studies that measured cognitive function through the neuro-
psychological test were also included. The neuropsychologi-
cal test was designed to assess global cognitive functioning
with a specific focus on memory and executive function [19].

Case studies, reviews, and articles that were insufficient in
CMB quantification or measurements of cognitive function
based on their titles and abstracts were excluded from the
meta-analysis. Studies with a more complete description of
the data were considered. We also excluded studies with a
more complete description of the data and contemporaneous-
ly published studies that had the same first author and data
acquisition methods and similar patient characteristics, data
analysis, and results.

Data extraction and quality assessment

Relevant data in each eligible study were collected and re-
corded in an Excel spreadsheet. A list of extraction items was
then developed, and included: 1) study characteristics, 2) CMB
outcomes, and 3) cognitive function outcomes. The principal
outcomes of the studies were scores obtained from MMSE,
MoCA, and neuropsychological tests. The Newcastle-Ottawa
Scale was used to assess the quality of the eligible included
studies, which were all case-control.

Statistical analyses

Two reviewers independently screened the abstracts of all el-
igible studies for primary selection. Screening was based on
the inclusion criteria. When the study was indeterminable from
the abstract, the paper was included in the full-text screening
conducted by the same 2 reviewers. Disagreements were re-
solved through consultations with a third reviewer. Collected
data were analyzed using R software. The odds ratio (OR) was
measured, along with a 95% confidence interval (Cl) for di-
chotomous variables. A 95% Cl, excluding 1 or P<0.05, was
considered statistically significant. Standardized mean differ-
ence (SMD) was measured for continuous variables, in which
a 95% Cl, excluding 0 or P<0.05, was considered statistically
significant. Heterogeneity was assessed by Cochran’s Q test.
P>0.05 was judged as non-significant heterogeneity, and the
fixed-effect model was used. P<0.05 was interpreted as evi-
dence of heterogeneity, and the random-effect model was used.
The 12 index was calculated to estimate total variation across
the studies. A random-effect model was used when 125>50%.
A fixed-effect model was used when 12<50%. Risk of publica-
tion bias was evaluated by visual inspection of funnel plots.
To be more reliable, Egger’s and Begg’s tests were also con-
ducted to quantify publication bias.
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Potentially relevant studies identified by searching Pubmed,
Embase, ISI Web of Science, Cochrane Library, CNKI,
Wanfang Data and (BM (N=376)

—| 56 studies excluded after de-duplication |

|320 studies included after preliminary screening |

—| 254 articles remowed based on title and abstract |
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Excluded (N=50)

Relevant information unavailable (N=11)
Non-relevant studied population (N=37)
Reviews (N=3)

Total number of studies included (N=15)

Figure 1. Flow diagram of search strategy and study selection.

Results

Overview of studies

We identified 376 articles in the primary search 376. Fifty-six
studies were excluded after de-duplication, and 320 studies
were included after preliminary screening. A total of 254 arti-
cles were removed based on their titles and abstracts. Eleven
articles lacked relevant information. We excluded 37 articles
because the studied population was irrelevant, and 3 review
articles were excluded. A total of 15 articles met the inclusion
criteria after duplicate removal and full-text review. The pro-
cess and result of literature screening are shown in Figure 1.
The basic characteristics of the included studies are summa-
rized in Table 1. The 15 studies included in the meta-analysis
were all case-control studies. Seven studies [2,7,12] received
a quality score of 8 out of 9. Four studies [4-6,8] received a
quality score of 7, and the remaining studies [1-3] received a
quality score of 6 (Table 1).

Publication bias

The funnel plot for studies on the incidence of cognitive im-
pairment was symmetrical. Both Egger’s (P=0.11) and Begg’s
(P=0.233) tests showed that publication bias for these stud-
ies was not significant. Similar results were obtained for
studies on cognition score. The funnel plots indicated an
absence of publication bias, as illustrated by both Egger’s
(P=0.88) and Begg'’s (P=0.719) tests (Table 2). However, the
effect size heterogeneity and the small number of studies in
this meta-analysis required us to be cautious in interpret-
ing these results.
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Table 1. Characteristics of the studies included in the meta-analysis.

MRI Cognitive

Reference CounE Magnet Measurement

Study design Score Sample Mean age, Sample Mean age,

size,n years size,n  years

Fan 2011 Case-control

57.6 56.8

Yusuke 2008 Case-control Japan 1.5-T MMSE 8 35 (52.3-63.6) 483 (50.1-63.8)
Yusuke 2012 Case-control Japan 1.5-T MMSE 8 98 63 (58-67) 1181 58 (50-65)

. Number of Number of

a -

Zhang?® 2013 Case-control china 30T MOCA 8 35 aged 26529 5 aged 65230
Sophie 2014 Case-control  Netherland 3.0T MMSE 8 26  80.746.9 41  76.4+7.3
Hang 2013 Case-control china 30T MOCA 8 30 - 40 -

CMBs — cerebral microbleeds; MMSE — Mini-Mental State Examination; MoCA — Montreal cognitive assessment;
NOS, Newcastle-Ottawa Scale.

indicated that the incidence of cognitive impairment was high-
er in CMB than in non-CMB patients (Figure 2).

Table 2. Results of publication bias according to Egger’s and
Begg’s tests.

Comparison of cognitive status assessment between CMB
versus non-CMB

Egger’s test Begg’s test

A total of 3023 participants (1641 in case group and 1382 in
control group) from 11 studies were eligible. A random-effect
model was used for meta-analysis with heterogeneity |12 of 62.5%
(P=0.12). The synthesized effect (SMD) was -0.48 [-0.65, —0.30]
(P<0.01). This finding suggested that CMB patients had an im-
paired cognitive function compared with non-CMB patients. In

Heterogeneity test and synthesized efficacy

Incidence of cognitive impairment in CMB and non-CMB
patients

Six studies were eligible for comparing the incidence of cog-
nitive impairment in CMB versus non-CMB patients. The total
number of participants was 2228, among which 239 patients
served as the case group and 1989 patients served as the con-
trol group. The synthesized efficacy (OR) of efficient probabil-
ity between groups was 3.14 [1.66, 5.92] (P<0.01). This value

the subtype analysis based on cognitive measurements, SMD
was —0.36 [-0.55, —0.18] (P<0.01) in the MMSE group and —0.65
[-0.99, -0.32] (P<0.01) in the MoCA group. Both values suggest-
ed a lower cognitive function of CMB patients (Figures 3 and 4).

Number of CMBs affecting cognitive impairment

The severity of CMBs was determined by the number of CMB
lesions. CMBs were considered “mild” when the lesions were
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Figure 2. Funnel plots demonstrating that the heterogeneity was not due to publication bias. (A) Incidence of cognitive impairment in
CMBs versus non-CMBs patients. (B) Cognitive assessment score of CMBs versus non-CMBs patients.
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Figure 3. Meta-analysis of incidence of cognitive
impairment in CMBs versus non-CMBs.
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Figure 4. Meta-analysis of cognitive assessment score in CMBs versus non-CMBs based on MMSE and MoCA.
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Figure 5. Meta-analysis of number of CMBs effecting the cognitive impairment.
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Figure 6. Meta-analysis of cognitive assessment score based on different locations of CMBs.
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less than 5 and “severe” when lesions were 5 or more. Nine
studies that included 591 participants (123 in case group
and 464 in control group) were eligible for analysis. SMD was
-2.58 [-3.92, -1.25] (P<0.01), which suggested that cognitive
function was impaired in CMB patients compared with non-
CMB patients. In the subgroup analysis based on the number
of CMBs, SMD was —2.41 [-5.04, -0.21] (P>0.05) in the mild
group and —2.75 [-3.50, —2.01] (P<0.01) in the severe group.
These values indicated that a higher number of CMB lesions
led to more severe cognitive dysfunction (Figure 5).

Evaluation of cognitive performance in CMBs based on
various locations

Four studies were included in the meta-analysis. The cogni-
tive performance impairment of CMBs was evaluated based
on 5 different CMB locations: lobar, infratentorial, deep, bas-
al ganglia, and thalamus. Results indicated that cognitive per-
formance was significantly impaired when CMBs were located
in deep (0.4 [-0.69, —0.11]), lobar (-0.50 [-0.92, -0.09]), bas-
al ganglia (-0.72 [-1.03, -0.41]), and thalamus (-0.65 [-0.98,
-0.32]). CMBs in the infratentorial location were not signifi-
cantly different in cognitive performance compared with non-
CMBs (0.07 [-0.55, —0.40]) (Figure 6).

Evaluation of cognitive domains based on various
locations of CMBs

Compared with the control group, patients with CMBs in labor
had impaired executive (-0.69 [-1.16; —0.22]) and orientation
(-0.25 [-0.48; 0.01]) functions. Impairment of attention (-0.85
[-0.48; —1.23]) and executive (-0.69 [-0.17; —1.20]) functions
was observed in the basal ganglia group. Patients with CMBs
at the thalamus had lower scores in attention (-0.65 [-0.23;
-1.08)), language (-0.49 [0.07; 0.92]), and orientation (-0.83
[-1.26; -0.41]). However, patients with infratentorial CMBs did
not present impaired cognitive function in any of the 7 perfor-
mances of abstraction, attention, executive, language, memo-
ry, naming, or orientation (Table 3).

Discussion

This meta-analysis shows that patients with CMBs had higher
incidence of cognitive dysfunction and lower scores of cogni-
tive function. Evidence from the studies included in the anal-
ysis also suggests that a higher number of CMB lesions and
CMBs located in lobar regions, deep areas, basal ganglia, and
thalamus regions were correlated with cognitive impairment.
However, infratentorial CMBs did not significantly affect cog-
nitive impairment. Different locations of CMBs were also as-
sociated with different cognitive domains. We believe that
this meta-analysis is the first to quantify and compare the

SPECIAL REPORTS

strength of association between CMBs and cognitive impair-
ment in terms of incidence rate, cognition score, number and
location of CMBs, and specific domains of cognitive function.
Moreover, this meta-analysis considered studies that used
MMSE, MoCA, and neuropsychological tests to evaluate over-
all cognitive capacities.

CMBs are histologically characterized by hemosiderin around
abnormal small vessels, with necrosis or infarction of the sur-
rounding tissue [20]. CMBs are thus expected to cause cogni-
tive impairment if they disrupt strategically important white
matter tracts or cortical areas [2]. The precise pathophysiolog-
ical mechanisms responsible for the associations between CAA
and cognition are yet to be established. One possibility is that
vascular amyloid-f3 deposition progressively affects the func-
tion of the neurovascular unit, which is a key player in micro-
vascular and neurodegenerative processes [21,22]. CAA also
causes impaired vascular reactivity that may result in chronic
ischemia [23] or acute focal ischemic lesions, which can po-
tentially contribute to clinical impairment. In parallel, small
vessel damage (including hypertensive arteriopathy) can lead
to impaired clearance of amyloid-B, which results in its fur-
ther deposition in the vessel wall [3]. Apart from this disorder,
evidence also shows that CMBs contribute to tissue damage.
Histological research has revealed that hemosiderin deposits,
which are characteristic of CMBs, may be surrounded by glio-
sis, infarction, and necrosis [20]. If positioned at strategic loca-
tions, such changes could contribute to cognitive decline [19].

Results of the meta-analysis showed that cognitive perfor-
mance was significantly affected when CMBs were located in
lobar areas, basal ganglia, and the thalamus. CMBs in the in-
fratentorial did not affect cognitive performance. This finding
is consistent with the fact that frontal lobes, basal ganglia,
and thalamus participate in frontal-subcortical circuits, which
are involved in cognitive function. CMBs in these regions are
associated with tissue necrosis that inflicts damage on the
frontal-subcortical circuits or white matter tracts, thereby in-
ducing cognitive impairment [24]. Executive function impair-
ment was related to CMBs in lobar regions and basal gan-
glia. This finding is consistent with the possible direct effect
of CMBs on frontal-subcortical circuits, which have important
executive functions [2]. Attention impairment was related to
CMBs in basal ganglia and thalamus. Attention reflects wide-
ly distributed cognitive skills, which are also related to the in-
tegrity of frontal-subcortical circuits [2]. Orientation impair-
ment was related to CMBs in lobar regions and the thalamus,
and language impairment was related to CMBs in the thala-
mus. Since the thalamus is also considered part of the neu-
ronal network, it is also integrally involved in cognitive func-
tion [25]. However, more studies on specific cognitive domains
must be conducted in the future because very few such stud-
ies have been conducted.
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Table 3. Meta-analysis of cognitive assessment score of different cognitive domains based on different locations of CMBs.

SMD [95%CI]

Abstraction 1 = -0.20 [-0.66; 0.27] -0.83 0.41 = = =
Attention 3 Randommodel  -040[-086006]  -169 0091 703 0030 7150%
Delayedrecall 2 Fixedmodel  -0.021[-029,026]  -015 088 022 064 0%
Brecutive . - 069[-116-022]  -022 0004 - - -
Clanguage 3 Fixedmodel 005[-0290.19]  -042 068 031 08 0%
Memoy - - 026[-073020]  -111 027 - - -
Naming . - 0171063029  -071 048 - - -
Orientation 3 Fixedmodel  -025(-048001]  -204 004 062 073 0%

Abstraction 1 - —-0.48 [-0.99;0.025] -1.86 0.06 - - -
Attention 2 Fixedmodel  -085[-048-123]  -444 000 014 071 0%
Delayed recall . - 010(-065045]  -034 073 - - -
bxecutve o - 069[-017;-120]  -262 001 - - -
Clanguage 2 Fixedmodel  -021(-059;016]  -113 026 108 030 7.10%
memoy T - o2[077024]  -103 030 - - -
Naming o - —006[-044056  -023 08 - - - -
Orientation 2 Fixedmodel  -036[-073001]  -189 006 002 089 0%

Abstraction 1 = -0.42 [-1.01;0.18] -1.36 0.17 = = =
Attention 2 Fixedmodel  -065[-023-108]  -301 0003 0 099 0%
Delayedrecall - o - 034[-094025]  -113 026 - - -
bxeautve - - 044[-104016]  -145 015 - - -
Clanguage 2 Fixedmodel  -049[007,092]  -229 002 092 034 0%
Memoy - - —012(0720471  -040 069 - - - -
Naming . - 010[-069050]  -032 075 - - -
Orientation 2 Fixedmodel  -083[-126-041]  -383 000 063 043 0%

Abstraction 1 - —-0.27 [-0.86;0.33] -0.88 0.38 - - -
Attention - - —021[-080;038]  -069 049 - - - -
Brecutive 3 Randommodel  013[-143;169] 016 087 16496 000 9880%
language T - 032[-091,027]  -106 029 - - -
Memory 3 Randommodel  -151[381,/079]  -129 020 26767 000 99.30%
Naming . - 000[-05%059] o 1 - - -
Orientation - - - 007[-067;053]  -053 08 - - - -

K — number of studies included; SMD — standardized mean difference.
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The effect of CMBs on cognition may also depend on the num-
ber of CMB lesions. The RUN DMC Study, which examines non-
demented subjects with cerebral small vessel disease, report-
ed significant associations of the presence and number of
CMBs with global cognitive function, as measured by the cog-
nitive index, psychomotor speed, and attention. However, no
association was found with the MMSE [26]. By contrast, data
from the Rotterdam Study (n=3979) suggest that the number
of CMBs, especially the presence of 5 or more CMBs, is asso-
ciated with several non-memory-related cognitive domains,
independent of other imaging markers of cerebral small ves-
sel disease. This association suggests an independent role
for microbleed-associated vasculopathy in cognitive impair-
ment [16]. Other studies in white populations have failed to
identify an independent association between CMBs and cog-
nitive decline [27]. A modest and significant graded relation-
ship was observed between the number of CMBs and lower
score of cognitive impairment. This finding suggests that an
increasing CMB load may have a more general effect on cogni-
tive function. The effect on general cognitive function is likely
to reflect the cumulative effects of CMBs that are widely an-
atomically distributed in the brain [2]. High counts of CMBs
may reflect a worse disease state, which leads to poor cog-
nitive function [28].

This meta-analysis was limited by the heterogeneity of the re-
sults, possibly due to the various methodologies of the studies

and the quality of included studies. The population of case and
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