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ABSTRACT
Objective: The aim of this systematic review and
meta-analysis was to provide evidence that biomarkers
of large artery atherosclerosis, including arterial
stenosis and greater carotid intima-media thickness
(cIMT), may serve as clinical markers of subclinical
haemorrhage-prone cerebral small vessel disease,
reflected by cerebral microbleeds (CMBs).
Methods: We searched PubMed, MEDLINE, Web of
Science, EMBASE and the Cochrane Library to identify
relevant studies published before 1 July 2016. The
association between arterial stenosis and CMBs was
estimated by the OR and 95% CI. The association of
cIMT and CMBs was calculated using the standardised
mean difference (SMD). Heterogeneity and publication
bias were explored.
Results: 8 studies including a total of 7160
participants were pooled in the meta-analysis. 6 of the
included studies were cross-sectional, except that 2
were prospective. We found a significant association
between arterial stenosis >50% and the presence of
CMBs (OR 1.95, 95% CI 1.13 to 3.36, I2=56.1%). A
fixed-effects model suggested that patients with CMBs
were more likely to have a greater cIMT (SMD 0.20,
95% CI 0.11 to 0.28, I2=24.7%).
Conclusions: This systematic review and meta-
analysis found that there is a relationship between
large artery atherosclerosis and CMBs. Future studies
are needed to confirm the impact of atherosclerosis on
the CMBs, which may have potential therapeutic
implications.

INTRODUCTION
Cerebral small vessel disease (CSVD) contri-
butes to about a fifth of all strokes worldwide,
and is considered a major cause of disability
and vascular cognitive impairment.1 2

Prominent manifestations of CSVD on neu-
roimaging include white matter hyperinten-
sity (WMH), lacunar infarction, enlarged
perivascular spaces and cerebral microbleeds
(CMBs).1 2 The most common causes of
CSVD are diseases that affect the cerebral
perforating arteries, arterioles, capillaries

and venules. However, recent studies have
shown a link between CSVD and the markers
of large artery atherosclerosis, including
arterial stenosis and greater carotid artery
intima-media thickness (cIMT).3–7

Large artery atherosclerosis is considered a
systemic and chronic inflammatory disease
that may lead to both cardiovascular and cere-
brovascular diseases.8 Recent studies found a
positive association between large artery ath-
erosclerosis and CSVD.9 To the best of our
knowledge, treatments for large artery athero-
sclerosis such as antihypertensive therapy are
also effective in patients with CSVD.10

Although the aetiology and pathogenesis of
CSVD remain unclear, large artery atheroscler-
osis may become a potential therapeutic target
for the prevention of CVSD. Therefore, it is
meaningful to clarify the relationship between
CSVD and large artery atherosclerosis.
CMBs are regarded as small areas of signal

loss on T2*-weighted gradient echo (GRE)
MRI sequences, pathologically representing
bleeding-prone microangiopathies, including
hypertensive arteriopathy and cerebral
amyloid angiopathy.2 11–13 The presence of
CMBs is considered a strong predictor of
future stroke, particularly haemorrhagic
stroke.14 15 There is evidence that large artery
atherosclerosis may be associated with CMBs,
but the results are controversial. Older age,
hypertension and diabetes mellitus are
common vascular risk factors that have an
impact on both large arteries and small
vessels.9 Chronic cerebral hypoperfusion
could be a mechanism by which CMBs are
associated with large artery atheroscler-
osis.16 17 To determine whether an association
exists between large artery atherosclerosis and
CMBs, we conducted a systematic review and
meta-analysis of the literature, hoping that
this would throw light on the pathogenesis
and therapeutic strategy for CMBs.
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METHODS
Search strategy
We searched PubMed, MEDLINE, Web of Science,
EMBASE and the Cochrane Library to identify relevant
studies published before 1 July 2016 using the following
search terms: ‘microbleeds’, or ‘microhaemorrhage’, or
‘gradient-echo’, or ‘susceptibility weighted imaging’ in
association with ‘artery atherosclerosis’, or ‘artery sten-
osis’, or ‘artery plaques’, or ‘artery calcification’, or
‘carotid intima-media thickness’. Related articles and ref-
erence lists from all included articles were also searched
to identify additional studies.

Selection criteria
Two independent reviewers selected all studies.
Inclusion criteria for the studies were: (1) cross-sectional
or longitudinal in design; (2) investigated the associ-
ation of large artery atherosclerosis and CMBs; (3)
artery atherosclerosis including: cerebral artery stenosis
>50% (internal carotid artery (ICA) or common carotid
artery, intracranial or extracranial arteries) measured by
digital subtraction angiography, CT angiography (CTA),
MR angiography or carotid duplex ultrasound (CDUS);
cIMT measured by CDUS; (4) studies published in
English; (5) full paper could be obtained; (6) the parti-
cipants were humans. Consensus was reached through
discussion.

Quality assessment
The quality assessment standards for observational
studies were recommended by the Agency for
Healthcare Research and Quality (AHRQ). Quality
assessments of cohort studies were performed using the
Newcastle Ottawa Scale (NOS), and quality of cross-
sectional studies was assessed using an 11-item instru-
ment.18 19 Two independent researchers evaluated the
included studies. Any disagreements were resolved after
discussion with another author.

Data extraction
Two authors independently went through each eligible
study and extracted information on the following items:
first author’s name, publication year, study design,
sample size, sex and age distribution, prevalence of
CMBs, MRI parameters, incidence rate of stenosis >50%,
mean cIMT, detection methods, definition of large
artery atherosclerosis and other principal findings asso-
ciated with CMBs (p<0.05). The missing data and infor-
mation of included studies were obtained by contacting
the authors if possible.

Statistical analysis
The association of arterial stenosis and CMBs was esti-
mated by the OR. The association of mean cIMT and
microbleeds was calculated using the standardised mean
difference (SMD). A random-effects model was
employed when heterogeneity was found (p<0.10 or I2

>50%); otherwise, a fixed-effects model was used. The

heterogeneity among studies was assessed by the Higgins
I2 statistic and Cochran’s Q test. An I2 > 50% and (or) a
Q test p value <0.10 indicated statistical heterogeneity.
Funnel plots and Egger’s linear regression test were used
to evaluate publication bias. A sensitivity analysis was
investigated by omitting a single study in each turn. The
meta-analysis was performed using Stata V.14.1 (Stata
Corporation LP, College Station, Texas, USA). All p
values were two-sided and p<0.05 was considered static-
ally significant. We prepared this report according to the
Meta-analysis of Observational Studies in Epidemiology
(MOOSE) proposal.20

RESULTS
Selection process and study characteristics
A total of 339 studies were identified. Case reports,
letters and reviews were excluded. Only 42 studies were
included for review of the full text based on the titles
and abstracts. Of these, 34 were subsequently excluded:
no stenosis>50% or mean cIMT reported (n=20), no
CMBs rate reported (n=5), no study of association
between large artery atherosclerosis and CMBs (n=2),
no control group (n=4), not cross-sectional or longitu-
dinal in design (n=3). Finally, eight studies including a
total of 7160 participants were pooled in this
meta-analysis (figure 1).21–28 Four of the eight studies
reported an incidence rate of stenosis>50%,23–25 28 and
four studies reported mean cIMT.21 22 26 27 Six of the
included studies were cross-sectional, except that two
were prospective.27 28 The main characteristics of
included studies are shown in table 1.
Four studies including a total of 2387 patients were

pooled in the meta-analysis of the association between
large artery stenosis and CMBs.23–25 28 The mean age of
the study participants was 61.4 years (range, 56.9 to
66.8 years). The overall prevalence of CMBs on MRIs
was 21.4% (range, 8.2–40.2%). ORs (95% CI) and

Figure 1 Flow chart of the study selection process. cIMT,

carotid intima-media thickness; CMBs, cerebral microbleeds.
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Table 1 Characteristics of included Studies

Author Year Study design Population Country

Patient

number

Sex

Men

(%)

Age,

Mean,

y

CMBs Large artery atherosclerosis

Quality

Score

Other principal

findings

associated

with CMBsMRI

Prevalence

n (%)

Stenosis>50%

n (%)

Mean cIMT

mm (mean

±SD) Method Definition

Ochi 2009 Cross-sectional Outpatients Japan 443 36 67.1 3 T,

GRE

22 (5.0%) – CMB

(+):0.85±0.14

CMB(−):0.81
±0.15

B-mode

ultrasound

Far wall of the

CCA

11

items

(8)

Age,

hypertension,

baPWV

Miwa 2011 Cross-sectional Outpatients, age

≥45 years

Japan 431 52 69.3 1.5 T,

GRE

65 (15.0%) – CMB(+):1.14

±0.5

CMB(−):0.99
±0.5

Ultrasound Near and far walls,

bilateral distal

CCA, carotid

bifurcation, and

ICA

11

items

(8)

Age, fasting

glucose,

hsCRP, IL-6,

IL-18

Chung 2014 Cross-sectional Acute ischaemic

stroke or TIA

South

Korea

834 58 66.8 3 T,

SWI

335

(40.2%)

468 (28.1%) – CTA ICA

Thick or

contiguous

calcification ≥50%
of vessel diameter

and/or ≥1 cm

11

items

(8)

Age,

hypertension,

hs-CRP

Peng 2014 Cross-sectional Acute ischaemic

stroke

China 90 61 66.4 1.5 T,

GRE

30 (33.3%) 46 (51.1%) – TCD,

CDUS

ICA,intracranial

and extracranial

arteries;

A visible narrowing

(>50%)

or significant

haemodynamic

changes

11

items

(8)

SBP, DBP

Song 2015 Cross-sectional Ischaemic stroke Korea 220 60 64.0 1.5 T,

GRE

46 (20.9%) 93 (42.3%) – MRA,

CTA, DSA

Intracranial and

extracranial

arteries;

Stenosis≥50%

11

items

(8)

Age

Tabara 2015 Cross-sectional Healthy

middle-aged to

elderly individuals

Japan 1387 39 67.0 3 T,

GRE

92 (6.6%) – CMB(+):0.84

±0.14

CMB(−):0.79
±0.14

B-mode

ultrasound

Far wall, bilateral

carotid arteries

11

items

(8)

Age,

hypertension,

T2DM

Ding 2015 Prospective Population-based,

age >65

Iceland 2512 42 74.6 1.5 T,

GRE

463

(18.4%)

– CMB(+):0.98

±0.14

CMB(−):0.96
±0.14

B-mode

ultrasound

Near and far walls,

bilateral distal CCA

NOS

scale

(9)

Age, DBP,

MAP, carotid

arterial strain,

DC, YEM

Romero 2016 Cohort Framingham

Offspring Study

USA 1243 47 56.9 1.5 T,

GRE

101 (8.2%) 20 (1.6%) – CDUS Distal CCA, carotid

artery bulb and

ICA;

Stenosis≥50%

NOS

scale

(9)

–

baPWV, brachial-to-ankle pulse wave velocity; CCA, common carotid artery; CDUS, carotid duplex ultrasound; cIMT, carotid intima-media thickness; CTA, CT angiography; DBP, diastolic blood
pressure; DC, distensibility coefficient; DSA, digital subtraction angiography; GRE, gradient-recalled echo sequences; hsCRP, high-sensitivity C reactive protein; ICA, internal carotid artery; IL,
interleukin; MAP, mean arterial pressure; MRA, MR angiography; NOS scale, Newcastle–Ottawa scale; SBP, systolic blood pressure; SWI, susceptibility-weighted imaging; T2DM, type 2
diabetes mellitus; TCD, transcranial Doppler; TIA, transient ischaemic attack; YEM, Young elastic modulus.
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adjustments are reported in table 2. Only one study
demonstrated a significant relationship between cerebral
large artery stenosis and CMBs presence.23 We calcu-
lated the pooled OR by most adjusted OR using a
random-effects model. The combined OR was 1.95
(95% CI 1.13 to 3.36) for the association between large
artery stenosis >50% and CMBs (figure 2).

Risk of bias and heterogeneity between studies
The I2 statistics and Cochran’s Q test indicate evidence
of substantial heterogeneity among studies (p=0.077,
I2=56.1%). Furthermore, visual inspection of the funnel
plot and Egger’s test (p=0.48) indicated no evidence of
publication bias.
We conducted a sensitivity analysis by excluding a

single study each time to explore the robustness of the
combined results. The range of the combined ORs was
from 1.41 (95% CI 0.86 to 2.32) to 2.70 (95% CI 1.96 to
3.72). The result showed no significant relationship
between large artery stenosis >50% and CMBs presence
when excluding Chung’s study,23 with an OR 1.41 (95%
CI 0.86 to 2.32). The I2 statistics and Cochran’s Q test
indicated the reduction of heterogeneity (p=0.423;
I2=0.0%). This absolute difference may be due to differ-
ent detection methods. First, Chung et al23 used CTA to
detect the degree of intracranial ICA stenosis; however,
three other studies mainly defined arterial stenosis by
ultrasound scan, which might lead to heterogeneity.
Second, the incidence rate of CMBs in Chung’s study
was much higher than in other studies. Chung et al
assessed CMBs on susceptibility-weighted imaging (SWI),
which is more sensitive. This may explain part of the
heterogeneity.

Association between cIMT and CMBs
Four studies including 4773 patients provided data on
the association between mean cIMT and CMBs were
pooled in the meta-analysis.21 22 26 27 The mean age of
the study participants was 71.2 years (range, 67 to
74.6 years), with fewer participants being men (41.3%;

range, 39.4–52%). The overall prevalence of CMBs on
MRI was 13.5% (range, 5% to 18.4%). A fixed-effects
model was applied to estimate a pooled SMD of 0.20
(95% CI 0.11 to 0.28), which demonstrated that patients
with CMBs were more likely to have a higher cIMT
(p<0.001; figure 3). Three of the four studies demon-
strated a statistically significant association between cIMT
and cerebral microbleeds. Only one study found no
association between cIMT and CMBs in healthy indivi-
duals free from a history of stroke.21

Risk of bias and heterogeneity between studies
The I2 statistics and Cochran’s Q test indicate low het-
erogeneity (p=0.263; I2=24.7%). A funnel plot and
Egger’s test were used to assess the publication bias. The
funnel plot seemed asymmetric, and the asymmetry was
detected by Egger’s test (coefficient=1.59, p=0.23). This
demonstrated that asymmetry of the funnel was unlikely
due to publication bias.
A sensitivity analysis was performed through excluding

a single study each time. The result by excluding one
study showed an increased SMD borderline (SMD 0.326,
95% CI 0.17 to 0.48), with no heterogeneity (p=0.909;
I2=0.0%), because of the greater weight in this study.27

However, this did not change the outcome statistically.
The analysis was consistent when using a random-effects
model.

DISCUSSION
CSVD is an important public health problem that has
attracted increasing attention, and may coexist with
large artery atherosclerosis.9 The aim of this systematic
review and meta-analysis was to provide evidence that
biomarkers of large artery atherosclerosis, such as
greater cIMT and arterial stenosis, may serve as clinical
markers of subclinical haemorrhage-prone CSVD,
reflected by CMBs. Previous studies have suggested that
the incidence rate of CMBs in patients with large artery
atherosclerosis was 9–41.3%.24 28 29 Different popula-
tions and detection methods may lead to different

Table 2 ORs of studies included in the meta-analysis

Author Year OR 95% CI Adjustment

Chung 2014 4.22 3.19 to 5.59 Unadjusted

2.86 2.01 to 4.08 Age, hypertension, previous stroke history, hs-CRP, total

cholesterol, homocysteine and ICA calcification

Peng 2014 2.11 0.86 to 5.19 Unadjusted

Song 2015 1.06 0.55 to 2.05 Unadjusted

Romero 2016 1.38 0.38 to 5.06 Age, sex, time to MRI

1.16 0.30 to 4.49 Age, sex, time to MRI, diabetes, smoking, hypertension,

systolic blood pressure, prevalent cardiovascular disease

and statin use

1.99 0.48 to 8.27 Age, sex, time to MRI, diabetes, smoking, hypertension,

systolic blood pressure, prevalent cardiovascular disease

and statin use, baseline carotid IMT

hsCRP, high-sensitivity C reactive protein; ICA, internal carotid artery; IMT, intima-media thickness.
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incidence of CMBs. Kwon et al reported 14 of 313
patients (9.0%) with intracranial arterial stenosis (ICAS)
presented with CMBs on baseline MRI in the Stenting
and Aggressive Medical Management for Preventing
Recurrent Stroke in Intracranial Stenosis (SAMMPRIS)
trial. However, they found no evidence linking CSVD
with an increased risk of stroke in patients with ICAS.29

Large artery atherosclerosis and CSVD may share
disease mechanisms, which are likely to be mediated via
common vascular risk factors, such as older age,

hypertension and diabetes mellitus.29 The prevalence of
CMBs gradually increased with age.30 Advanced age and
long-term hypertension may cause structural changes in
microvessels, represented by fibrinoid necrosis and lipo-
hyalinosis, thus increasing the risk of rupture and bleed-
ing.31 Histopathological analyses have found
hypertensive vasculopathy was specially associated with
CMBs in the thalamus, basal ganglia, brainstem and
cerebellum.32 Otherwise, Qiu et al33 indicated that dia-
betes was associated with markers of both cerebral

Figure 2 Forest plot for the association between large artery stenosis and CMBs. CMBs, cerebral microbleeds.

Figure 3 Forest plot for the association between cIMT and CMBs. cIMT, carotid intima-media thickness; CMBs, cerebral

microbleeds; SMD, standardised mean difference.
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macrovascular and microvascular diseases. Older age,
hypertension and diabetes mellitus are risk factors that
may lead to large artery atherosclerosis, thus giving rise
to CMBs.
Previous studies have found that carotid stenosis,

carotid plaque and cIMT were likely to be associated
with WMH and cognitive decline in elderly people, even
after accounting for vascular risk factors.7 34 In addition
to the common risk factors, other mechanisms may
explain the correlation. Factors that may influence cere-
bral blood flow especially at the origin of perforator
arteries may also be involved. Gregg et al16 reported that
the presence of incidental cortical CMBs is associated
with significant and widespread reduction in resting-state
cerebral blood flow (CBF), especially in the frontal, par-
ietal and precuneus cortices. Moreover, Hashimoto
et al17 found reduced CBF in the centrum semiovale in
patients with five or more CMBs compared with those
with <5 CMBs in patients with CSVD. Individuals with
cortical or deep or infratentorial CMBs may be exposed
to chronic cerebral hypoperfusion.16 17 35 Long-term
hypoperfusion could accelerate the development of
age-related ultrastructural aberrations of capillaries and
cause blood-brain barrier (BBB) damage.36 37

Disruption of BBB has been suggested as a main initial
pathogenic mechanism in CSVD.22 24 However, another
possibility is that both CMBs and hypoperfusion are
markers of small vessel diseases, and that no causal rela-
tionship between them should be considered. Further
studies are needed before a conclusion can be drawn.
In this meta-analysis, we found a significant association

between large artery stenosis and microbleeds in the
included studies, with an OR 1.95 (95% CI 1.13 to 3.36).
The results from the Framingham Heart Study demon-
strated that carotid stenosis ≥25% was associated with
presence of CMBs overall (OR 2.20, 95% CI 1.10 to
4.40), especially at deep and mixed locations (OR 3.60,
95% CI 1.23 to 10.5). Paradoxically, the study found that
carotid stenosis ≥50% was not associated with CMBs.
The study observed carotid stenosis ≥50% in only 1.5%
of 1243 participants and the incidence rate of CMBs was
8.3%, which might be an underestimate.28 The evidence
relating arterial stenosis to CMBs was inconsistent. This
may be attributed to different inclusion criteria, differ-
ent sample size, differences in demographic character-
istics and different methodology for cerebral artery
stenosis estimation. Some of the included studies
defined arterial stenosis by ultrasonography, which may
limit accuracy. In our study, we found evidence that
arterial stenosis >50% was related to the incidence of
CMBs. Large artery stenosis may lead to hypoperfusion,
thus resulting in CMBs. Further research is needed for
confirmation.
There may be other potential mechanisms that cause

CMBs in patients with large artery atherosclerosis. CIMT
is a non-invasive ultrasound marker of early atheroscler-
osis, and is increasingly used as a predictor of future
clinical cardiovascular events including myocardial

infarction and stroke.38–40 Previous studies considered
cIMT as a marker of large-artery damage rather than
CSVD. The Second Manifestations of Arterial disease
study showed that mean cIMT was greater in patients
with large vessel disease (1.08 mm) than in those with
small vessel disease (0.92 mm) (SMD 0.11 mm, 95% CI
0.05 to 0.18).41 However, new research showed that
patients with CSVD had greater cIMT compared with
normal participants.42 The present systematic review and
meta-analysis identified four studies focusing on the rela-
tionship between cIMT and CMBs. The result demon-
strated that patients with CMBs were more likely to have
a greater cIMT (SMD 0.20, 95% CI 0.11 to 0.28). Ding
et al27 conducted a prospective population-based cohort
study that included individuals aged >65 years without
dementia and found that an increase in mean cIMT as a
marker of arterial atherosclerosis was associated with an
increased risk of CMBs, especially in the deep and infra-
tentorial brain regions. All these findings suggest that
there is a significant relationship between higher cIMT
and CMBs risk.
One of the included studies in this review also

explored the relationship between inflammation and
CMBs in addition to increased cIMT. The results indi-
cated that higher levels of circulating inflammatory
markers, such as high-sensitivity C reactive protein
(hsCRP), interleukin-6 (IL-6) and IL-18 were associated
with CMBs, suggesting the involvement of inflamma-
tion.22 Inflammation is also implicated in the pathogen-
esis and development of atherosclerosis. Several studies
have demonstrated that high levels of some inflamma-
tory cytokines are important determinants in the patho-
genesis of increased cIMT. Patients with higher cIMT
have increased circulating levels of fibrinogen, tumour
necrosis factor α, white cell count, hsCRP and IL-6.43 44

Moreover, Chung et al45 detected underlying intracranial
atheroma in 60% of patients with lacunar infarction by
high-resolution MRI and found potential intraplaque
inflammation, suggesting the involvement of inflamma-
tion in both cerebral artery atherosclerosis and CSVD.
We speculated that the link between CMBs and large
artery atherosclerosis might be inflammation. Further
studies are needed to confirm these findings.
There were some limitations in our study. First, only

studies published in English were included, which may
introduce publication bias. Second, the participants in
the cross-sectional studies were consecutive patients,
which may have introduced selection bias. Third, some
of the studies were subject to bias because they did not
involve blinded assessment of large artery atherosclerosis
or blinded identification of CMBs. Fourth, the included
studies varied in many aspects, such as study population,
which resulted in a wide range of CMBs incidence rate
(5% to 40.2%). Fifth, only one study demonstrated a sig-
nificant relationship between cerebral large artery sten-
osis >50% and CMBs,23 using CTA to define arterial
stenosis. The included studies used CDUS or transcra-
nial Doppler to detect arterial stenosis may introduce
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bias due to limited accuracy. Moreover, most of the
included studies assessed CMBs using T2*GRE or 1.5 T
MRI machines. The use of higher-field MRI and SWI are
known to increase CMBs detection. The variety of differ-
ent techniques used in the assessment of artery athero-
sclerosis or CMBs in the included studies should be
considered a source of heterogeneity. The accuracy of
the methodology needs to be established in future
studies.

CONCLUSIONS
In conclusion, the results of this systematic review and
meta-analysis suggest that there is a relationship between
large artery atherosclerosis and CMBs. Whether the
occurrence of CMBs in patients with large artery athero-
sclerosis can predict the future risk of haemorrhagic
cerebral vascular events is unclear. Longitudinal studies
in larger populations are needed to confirm the impact
of atherosclerosis on the bleeding-prone CMBs, which
may have potential therapeutic implications.
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