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Abstract  
Cerebral small vessel disease (CSVD) is a common etiology of vascular cognitive impairment with no dementia (V-CIND). Studies have re-
vealed that cerebral microbleeds (CMBs), a feature of CSVD, contribute to cognitive impairment. However, the association between CMBs 
and dementia conversion in individuals with V-CIND is still unclear. Here, we analyzed the predictive role of CMBs in the conversion from 
V-CIND to dementia in CSVD patients. We recruited and prospectively assessed 85 patients with CSVD and V-CIND. V-CIND was eval-
uated using a series of comprehensive neuropsychological scales, including the Chinese version of the Montreal Cognitive Assessment and 
the Clinical Dementia Rating. MRI assessments were used to quantify lacunar infarcts, white matter hyperintensities, CMBs, and medial 
temporal lobe atrophy. Eighty-two of the 85 patients completed the assessment for dementia conversion at a 1-year follow-up assessment. 
Multivariate logistic regression analyses were conducted to examine independent clinical and MRI variables associated with dementia 
conversion. Twenty-four patients (29.3%) had converted to dementia at the 1-year follow-up, and these individuals had significantly more 
CMBs in the fronto-subcortical circuits. Multivariate logistic regression analyses revealed that the patients with CMBs in the fronto-sub-
cortical circuits (odds ratio = 4.4; 95% confidence interval: 1.602–12.081, P = 0.004) and 5 or more CMBs overall (odds ratio = 17.6, 95% 
confidence interval: 3.23–95.84, P = 0.001) had a significantly increased risk of dementia at the 1-year follow-up. These findings indicate 
that CMBs in the fronto-subcortical circuits may be predictive of dementia conversion in CSVD patients with V-CIND, and thus extend the 
clinical significance of CMBs. This trial was registered with the Chinese Clinical Trial Registry (registration number: ChiCTR1800017077).
Protocol version: 1.0.
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Introduction 
Dementia is a major global health challenge. In China, the 
overall prevalence of dementia in older adults is approxi-
mately 6.0%, where dementia comprises Alzheimer’s disease 
(AD) (4.8%) and vascular dementia (1.2%) (Zhang et al., 
2005). In recent years, the concept of vascular cognitive 
impairment (VCI), particularly “vascular cognitive im-
pairment, no dementia (V-CIND)”, has gained increasing 
attention (Gorelick et al., 2011). V-CIND and vascular de-
mentia are both associated with increased rates of mortality 
and institutionalization in early stroke survivors (Brodaty et 
al., 2010). In addition, early identification and treatment of 
V-CIND is considered to be important in the prevention of 
vascular dementia (Gorelick et al., 2011).

V-CIND is associated with an increased risk of dementia, 
and the rate of dementia conversion in individuals with 
V-CIND is almost 10-fold higher than that in healthy par-
ticipants (Mitchell and Shiri-Feshki, 2009). Cerebral small 
vessel disease (CSVD), which is characterized by lacunar 
infarcts, moderate-to-severe white matter hyperintensities 
(WMHs), and cerebral microbleeds (CMBs), is a major con-
tributing factor of VCI (Pantoni, 2010; Blair et al., 2017). 
Several studies have examined the correlates of V-CIND-re-
lated dementia conversion, and found them to include 
advanced age, lower education level, WMHs, larger infarct 
volume, and cortical atrophy (Sachdev et al., 2009; Meguro 
et al., 2012; Mohd Zulkifly et al., 2016). 

CMBs are a common feature of CSVD and cerebral amy-
loid angiopathy (Greenberg et al., 2009). The prevalence of 
CMBs is 5–6.8% in older adults and 25–30% in patients with 
ischemic stroke (Jeerakathil et al., 2004). Apart from an in-
creased risk of intracranial hemorrhage, patients with CMBs 
have a higher risk of stroke recurrence, cognitive impairment, 
depression, and a decreased quality of life (Werring et al., 
2004; Tang et al., 2011a, 2014; Wilson et al., 2016). However, 
as most previous studies have been cross-sectional, the asso-
ciations between CMBs and other variables including cogni-
tive impairment are tentative. A 12-month prospective study 
involving 143 post-stroke V-CIND patients found that the 
absence of CMBs was significantly associated with cognitive 
remission (Tang et al., 2011b). However, the rate of dementia 
conversion of V-CIND patients has not been examined. 

Given the multi-factorial etiology of V-CIND, such as 
large artery atherosclerosis, small vessel disease, and car-
dioembolism, it may be critical to study CSVD in a homo-
geneous group of patients. Additionally, the T2*-weighted 
gradient echo imaging (GRET2*-WI) used in most previous 
studies has relatively low sensitivity compared with suscep-
tibility-weighted imaging (SWI). Specifically, SWI has a 2/3 
higher detection rate for CMBs compared with GRET2*-
WI (Nandigam et al., 2009). Most previous studies have not 
examined independent associations between the location or 
severity of CMBs and dementia conversion. However, the 
occurrence of CMBs in specific cognition-related circuits, 
e.g. the fronto-subcortical circuits (FSC) (Cummings, 1993), 
may be associated with cognitive decline.

Therefore, we hypothesized that the presence of CMBs in 

specific cognition-related circuits can predict conversion to 
dementia. To assess this, we prospectively analyzed the asso-
ciation between CMBs and dementia conversion in patients 
with CSVD-V-CIND. 
  
Participants and Methods   
Participants
In this prospective observational study, inpatients and out-
patients were consecutively screened and recruited from 
the Department of Neurology of Dongguan People’s Hos-
pital, Dongguan, China between July 1st, 2015 and August 
31st, 2016. The inclusion criteria were as follows: (1) aged 
40–85 years; (2) a diagnosis of CSVD according to the rec-
ommended criteria (occurrence of a symptomatic lacunar 
stroke or moderate-to-severe WMHs with or without lacu-
nar infarcts on MRI; Jokinen et al., 2009); (3) completion of 
a MRI (including SWI) examination at admission or within 
the 14 days prior to joining the study; (4) modified Rankin 
Scale (mRS) score of ≤ 2 (Wilson et al., 2002); and (5) met 
the diagnostic criteria for V-CIND (Gorelick et al., 2010). 
The exclusion criteria included: (1) dementia as defined by 
a Clinical Dementia Rating (CDR) score ≥ 1 (Morris, 1997); 
(2) a recent stroke within 1 month; (3) moderate-to-severe 
intracranial arterial stenosis or any infarct with a diame-
ter over 15 mm; (4) a history of dementia, depression, or 
schizophrenia; and (5) a malignant tumor or severe dysfunc-
tion of the heart, lung, liver, or kidney.

Patient demographics, clinical characteristics, and past 
treatments were recorded on standard data collection forms. 
The study protocol was approved by the Ethics Committee of 
Dongguan People’s Hospital with approval No. 2015012601. 
All participants provided written informed consent. 

Screening and cognitive assessment at baseline
The Chinese version of the Montreal Cognitive Assessment 
(MoCA) (Nasreddine et al., 2005; Wong et al., 2009) was 
used to screen CSVD patients for V-CIND, and the CDR 
was used to exclude those with dementia. Participants with 
a MoCA total score < 26 and a CDR score < 1 were assessed 
with the modified version of the Vascular Dementia Battery 
(Tang et al., 2011b) with seven domains, including executive 
function, attention, language, verbal memory, visual memo-
ry, visual construction, and psycho-motor speed (Table 1). 
In each test, the cutoff value for “abnormality” was scored as 
< 1.5 standard deviations (SD) below the mean score (Tang 
et al., 2011b). Impairment was acknowledged if half or more 
of the abovementioned tests had one cognitive domain rated 
as “abnormal” (Tang et al., 2011b). V-CIND was defined as 
the presence of cognitive impairment affecting at least one 
cognitive domain, but not meeting the diagnostic criteria of 
dementia (Gorelick et al., 2011).

Cognitive assessment at a 1-year follow-up
We used the same neuropsychological battery described 
above to measure cognitive performance at a 1-year fol-
low-up assessment. Dementia conversion was defined as 
cognitive impairment in at least two cognitive domains af-
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fecting the activities of daily living, as well as a CDR score ≥ 
1 during the follow-up assessments. The primary outcome 
measure was the dementia conversion of V-CIND at 1-year 
follow-up. Death and occurrence of strokes during the study 
period were also recorded.

MRI assessments
MRI assessments, including T1-weighted image (T1WI), T2- 
weighted image (T2WI), FLAIR, and susceptibility-weighted 
imaging (SWI), were performed with a 3.0T system (Sonata, 
Siemens Medical, Erlangen, Germany). Axial SE T1 (repetition 
time (TR)/ echo time (TE)/excitation = 488/15/1, field of view 
(FOV) = 230 mm, slice thickness/gap = 6 mm/1 mm, matrix 
= 256 × 256, time of acquisition = 1 minute and 24.8 seconds) 
and TSE T2 (TR/TE/excitation = 3992/110/2, turbo factor of 
15, FOV = 230 mm, slice thickness/gap = 6 mm/1 mm, matrix 
of 512 × 512, time of acquisition = 1 minute and 55.8 seconds) 
images were obtained. SWI was performed using 3D balanced 
fast field echo (3D-BFFE), with TR/TE/excitation = 27/20/1, 
FOV = 173 mm × 230 mm, slice thickness/gap = 1.5 mm/0.3 
mm, matrix = 256 × 256, time of acquisition = 3 minutes and 
44 seconds (3:44), and turbo factor = 15°. 

A neurologist (YKC) who was supervised by a neuroradiolo-
gist (XWF) assessed the MRI variables as follows: (1) Number 
of lacunar infarcts. Lacunar infarcts were defined as infarcts 
with a maximum diameter less than 15 mm on the MRI, with 
hypointensities on T1WI and hyperintensities on T2WI and 
FLAIR images. (2) White matter hyperintensities (WMHs). 
Deep white matter hyperintensities (DWMH) and periven-
tricular hyperintensities (PVH) were scored on FLAIR images 
separately, based on the 4-point scale reported by Fazekas et al. 
(1987).(3) Medial temporal lobe atrophy (MTLA). MTLA was 
measured using Schelten’s scale, which consists of standard 
images reflecting different severities of MTLA on the coronary 
section of the MRI. The severities range from 0–4 (no atrophy 
to severe atrophy) (Scheltens et al., 1992). (4) CMBs. CMBs 
were defined as small (2–10 mm) hypointense lesions with a 
clear margin in the SWI sequence, excluding symmetric basal 
ganglia calcification, cavernous malformation, and flow void 
artifacts generated by pial blood vessels (Cordonnier et al., 
2007). CMBs were localized based on the standard atlas of the 
Microbleed Anatomical Rating Scale (MARS) (Gregoire et al., 
2009). CMBs in the FSC regions were defined as CMBs in the 
frontal lobe, frontal white matter, thalamus, and basal ganglion 
(Tang et al., 2011c). Examples of CMBs in the FSC regions are 
shown in Figure 1. The intra-rater reliability of the MRI mea-
surements was good to excellent; the kappa value was 0.81 and 
0.83 for WMLs and CMBs, respectively, and the intra-class cor-
relation coefficient was 0.81 for the number of lacunar infarcts. 

Statistical analysis
Data analyses were conducted using SPSS 20.0 (SPSS Inc., 
Chicago, IL, USA). Demographic, clinical, and MRI vari-
ables at baseline were compared between patients with and 
without dementia conversion using the chi-square test, two 
independent samples t-test, and Mann-Whitney U test, as 
appropriate. We conducted multivariate logistic regressio-

nanalyses with a stepwise method to examine the indepen-
dent contributing factors of dementia conversion at the 
1-year follow-up. CMBs and the variables that significantly 
differed in the univariate analyses served as independent 
variables. The significance level was set at 0.05 (two-sided).

Results
Quantitative analysis of V-CIND patients
A flowchart of the study design is shown in Figure 1. At 
baseline, 85 participants with V-CIND were recruited, but 
2 participants subsequently dropped out and 1 died at 4 
months after recruitment. Finally, 82 eligible participants 
were included in the analyses. 

Univariate comparisons of variables between participants 
with and without dementia conversion
At the 1-year follow-up assessment, 24 participants with 
V-CIND (29.3%) had developed dementia. Compared with 
those who did not develop dementia, these individuals were 
more likely to smoke (Figure 2 and Table 2), and had a 
higher number of CMBs in the cortico-subcortical and deep 
regions of the brain (P < 0.05) (Table 3). They also had more 
frequent CMBs in the FSCs, including a greater number of 
CMBs in the FSCs (P < 0.01; Table 3). 

Multivariate logistic regression analysis of dementia 
conversion
We included the presence of CMBs in the FSC region, rath-
er than in the cortico-subcortical and deep regions, in the 
further regression models together with the significant clin-
ical variables as it had a small P value (0.003) and a large χ2 

value (8.827). Because of collinearity between the presence 
and number of FSC CMBs, we conducted two multiple lo-
gistic regression models separately. In model 1, the presence 
of FSC CMBs, smoking history, and occurrence of stroke 

Figure 1 Flow chart of the study. 
CSVD: Cerebral small vessel disease; MoCA: Montreal Cognitive As-
sessment; CIND: cognitive impairment with no dementia; CDR: Clini-
cal Dementia Rating.

Patients with CSVD screened (n = 112)

Excluded (n = 24):  
8 patients had stroke within 1 month; 6 patients did 
not have susceptibility-weighted imaging; 5 patients 
had dementia; 5 patients had severe intracranial 
arterial stenosis or infarction diameter ≥ 15 mm

Excluded (n = 3): 
3 patients were 
judged to be 
cognitively intact by 
neuropsychological 
tests

Included (n = 85) (CIND at baseline)

82 CSVD patients 
completed 
the follow-up 
assessments 

2 patients lost to  
follow-up and 1 patient 
died during 1-year 
follow-up period

MoCA < 26 
and CDR < 1 
(n = 88) 
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during the follow-up period were entered as independent 
variables. The result of this model indicated that the pres-
ence of FSC CMBs was the only significant contributing fac-
tor to dementia conversion (P = 0.004, odds ratio = 4.4, 95% 
confidence interval: 1.60–12.08). In model two, the number 
of FSC CMBs, smoking history, and occurrence of stroke 
during the follow-up period were entered as independent 
variables. The result of this model indicated that 5 or more 
CMBs significantly contributed to dementia conversion (P = 
0.001, odds ratio = 17.6, 95% confidence interval: 3.23–95.84) 
(Table 4). The adjusted odds ratio of the presence of FSC 
CMBs or the number of FSC CMBs did not change when 
age, sex, and educational level were adjusted. 

Discussion
In this prospective study, we found that approximately one-
third of participants with V-CIND had developed dementia at 
a 1-year follow-up assessment, and the presence of FSC CMBs 
and severity of CMBs were predictive of dementia conversion. 
To the best of our knowledge, this is the first study to explore 

the association between FSC CMBs and dementia conversion. 
Our findings further indicate that the presence of CMBs 

may have heightened clinical importance. As CMBs are 
always concomitant with WMHs and lacunar infarction 
(Greenberg et al., 2009), the independent contribution of 
CMBs to cognitive impairment is difficult to confirm. Our 
findings suggest that among patients with a similar  WMH 
severity and number of lacunar infarcts, the presence and se-
verity of CMBs in FSC regions can predict cognitive decline 
over time. The common features of these circuits are that 
they originate in the frontal cortex, project to the striatum 
(caudate, putamen, and ventral striatum), and connect to 
the globus pallidus and substantia nigra and then to the thal-
amus (Cummings, 1993). The FSC is associated with emotion 
and affective behaviors (Tekin and Cummings, 2002). Some 

Figure 2 Different sections of susceptibility-weighted images showing 
CMBs in the FSC region. 
A 61-year-old man with a 6-year history of hypertension had CSVD-V-CIND 
at baseline and had developed dementia at the 1-year follow-up. CMBs (white 
arrows) in the FSC regions were defined as CMBs within the frontal lobe, fron-
tal white matter, thalamus, and basal ganglion. The total number of FSC CMBs 
in this patient was 21. The three images represent different MRI sections of the 
brain. CMBs: Cerebral microbleeds; FSC: fronto-subcortical circuits; CSVD: 
cerebral small vessel disease; V-CIND: vascular cognitive impairment, but no 
dementia; R: right; L: left.

Table 1 Neuropsychological assessment using the modified version 
of the Vascular Dementia Battery

Domains Neuropsychological tests

Executive function Stroop Test
Wisconsin Card Sorting Test

Attention Digit Span Forward
Digit Span Backward

Language Boston Naming Test
Verbal Fluency: Animal
Verbal Fluency: Vegetables

Verbal memory Word List Recall:
Immediate Recall
Delayed Recall

Visual memory Picture Recall:
Immediate Recall
Delayed Recall

Visual-construction Clock Drawing Test
Psychomotor speed Digit Cancellation Task

Symbol Digit Modalities Test
Mask Test

Table 2 Comparison of baseline demographic and clinical variables between patients with and without dementia conversion 

The whole sample 
(n = 82)

Dementia converters 
(n = 24)

No dementia
(n = 58) t/z/χ2 P

Age (year)* 68.2±10.1 67.0±14.1 68.8±8.0 0.574 0.57
Male† 62(75.6) 18(75.0) 44(75.9) 0.007 0.934
Education level (≥ primary)† 70(85.4) 22 (91.7) 48(82.8) 1.078 0.299
Hypertension† 72(87.8) 22(91.7) 50(86.2) 0.473 0.716
Diabetes† 14(17.1) 6(25.0) 8(13.8) 1.506 0.22
Ischemic stroke history† 74(90.2) 22(91.7) 52(89.7) 0.078 > 0.99
Ischemic heart disease‡ 8(9.8) 4(16.7) 4(6.9) 0.18 0.224
Atrial fibrillation‡ 2(2.4) 2(8.3) 0(0.0) 4.954 0.083
Smoking history (≥ 6 months)† 38(46.3) 16(66.7) 22(37.9) 5.637 0.018
Hyperlipidemia‡ 20(24.4) 2(8.3) 18(31.0) 4.744 0.046
Drinking (often)† 14(17.1) 6(25.0) 8(13.8) 1.506 0.22
Usage of anti-platelet agents† 59(72.0) 16(66.7) 43(74.1) 0.47 0.493
Usage of statin† 53(64.6) 15(62.5) 38 (65.5) 0.068 0.795
Occurrence of stroke during follow-up period‡ 3(3.7) 3(12.5) 0(0.0) 7.525 0.006

*Data are expressed as the mean ± SD, and were analyzed by two independent samples t-tests; †Data are expressed as n (%), and were analyzed by 
the chi-square test; ‡Data are expressed as n (%), and were analyzed by Fisher’s exact test. 
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studies have found that patients with FSC infarction are more 
likely to have post-stroke depression (odds ratio = 2.6) (Tang et 
al., 2011c). In addition, functions of the frontal lobe, involving 
executive function, attention, and psychomotor speed, are also 
mediated by the FSC (Cummings, 1993). Thus, FSC infarction-
can lead to both cognitive impairment and psychiatric symp-
toms. Patients with cognitive impairment related to CSVD 
exhibit some common neuropsychiatric features, including 
frontal lobe dysfunction and depression (Prins et al., 2005, 
Lawrence et al., 2015). A cross-sectional study by Werring et al. 
(2004) first discovered the association between executive dys-
function and CMBs in the frontal region and the basal ganglia. 
Another longitudinal study involving post-stroke V-CIND also 
found an association between CMBs and cognitive changes 
(Tang et al., 2011b), which is consistent with our findings that 

CMBs could predict dementia conversion in V-CIND patients. 
Furthermore, the presence of CMBs at baseline is usually as-
sociated with increased numbers of CMBs in the future (Lee 
et al., 2011). Findings from the present study reveal that the 
severity of CMBs (more than 5) in the FSC contributes to de-
mentia conversion with an odds ratio of 17.6, in comparison 
with individuals without CMBs in the FSC. The observed cut-
off value of 5 or more CMBs, which reflects a moderate-to-se-
vere level, might serve as useful threshold for signaling a high 
risk for subsequent dementia in clinical practice.

The strengths of this study include the prospective de-
sign and the homogenous sample. Additionally, the SWI 
used to assess CMBs in this study is more sensitive than the 
GRET2*-WI. However, there are also some limitations to 
this study. First, the sample size was relatively small, which 
may limit the statistical power. Second, some potential fac-
tors related to cognitive function, such as emotional symp-
toms, were not recorded in this study. Third, the follow-up 
period was relatively short, and the long-term effect of 
CMBs on dementia conversion was not examined. There-
fore, further prospectivestudies with larger sample sizes and 
longer follow-up durations are warranted.

In conclusion, our data indicate that CMBs in the FSC 
contribute significantly to the risk of dementia conversion 
in CSVD-V-CIND patients. Regular assessment and early 
treatment of CMBs may reduce the risk of dementia and im-
prove clinical outcomes in patients with CSVD. 
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Table 3 Comparison of MRI variables between patients with and without dementia conversion

The whole sample 
(n = 82)

Dementia converters 
(n = 24)

No dementia 
(n = 58) t/z/χ2 P

Number of infarcts* 1(0–3) 1(0.25–8.25) 1(0–2.25) –1.063 0.288
PVH* 2(2–2) 2(2–3) 2(2–2) –0.978 0.328
DWMH* 2(2–2) 2(2–2.75) 2(2–2) –0.87 0.384
MTLA* 3(0.75–6) 2.5(1–6) 3(0–5.25) –0.124 0.901
Presence of CMBs† 38(46.3) 14(58.3) 24(41.4) 1.962 0.161
Presence of CMBs in the cortico-subcortical 

region†
19(23.2) 10(41.7) 9 (15.5) 6.521 0.011

Presence of CMBs in the deep region† 23(28.0) 12(50.0) 11(19.0) 5.318 0.021
Presence of CMBs in the infratentorial region † 20(24.4) 8(33.3) 12(20.7) 1.472 0.225
Presence of FSC CMBs† 28(34.1) 14(58.3) 14(24.1) 8.827 0.003
Number of FSC CMBs† 16.878 0.001

0 54(65.9) 10(41.7) 44(75.9)
1–4 18(22.0) 6(25.0) 12(20.7)
5–9 6(7.3) 4(16.7) 2(3.4)
≥ 10 4(4.9) 4(16.7) 0(0.0)

*Data are expressed as the median (25Q–75Q), and were analyzed by the Mann-Whitney U test; †Data are expressed as n (%), and were analyzed 
by the chi-square test. PVH: Periventricular hyperintensities; DWMH: deep white matter hyperintensities; CMBs: cerebral microbleeds; MTLA: 
medial temporal lobe atrophy; FSC: fronto-subcortical circuits.

Table 4 Logistic regression analysis of dementia conversion at 1-year 
follow-up

Variables P Odds ratio 95% confidence interval

Model 1
Presence of FSC CMBs 0.004 4.4 1.60–12.08
Smoking history 0.23 – –

Occurrence of stroke 
during follow-up 

0.06 – –

Model 2
Number of FSC CMBs

0 – 1 –

1–4 0.197 2.2 0.66–7.27
≥ 5 0.001 17.6 3.23–95.84

Smoking history 0.226 – –

Occurrence of stroke 
during follow-up 

0.118 – –

Because of collinearity, the presence of FSC CMBs and number of 
FSC CMBs were entered as independent variables in two multivariate 
logistic regression analyses, respectively. CMBs: Cerebral microbleeds; 
FSC: fronto-subcortical circuits.
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