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Abstract

Background—Microbleeds, small perivascular collections of hemosiderin manifested

radiologically as hypointensities on gradient-echo magnetic resonance imaging (MRI), are

important markers of small vessel pathology. Despite their clinical relevance, little is known about

their prevalence and demographic correlates, particularly among ethnically diverse older adults.

We examined demographic and clinical correlates of regional microbleeds in a multi-ethnic cohort

and examined categorization schemes of microbleed distribution and severity.

Methods—Between 2005 and 2007, 769 individuals participated in a MRI study as part of the

Washington Heights/Inwood Columbia Aging Project. Approximately four years later, 243 out of

339 participants (mean age=84.50) who returned for a repeat MRI had gradient-echo scans for

microbleed assessment and comprised the sample. We examined the association of deep and lobar

microbleeds with age, sex, education, vascular factors, cognitive status and markers of small

vessel disease.

Results—Sixty-seven of the 243(27%) participants had at least one microbleed. Individuals with

microbleeds were more likely to have a history of stroke than individuals without. When
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categorized as having either no microbleeds, microbleeds in deep regions only, in lobar regions

only, and both deep and lobar microbleeds, hypertension, proportion of strokes, and white matter

hyperintensity volume (WMH) increased monotonically across the four groups. Number of lobar

microbleeds correlated with WMH volume and diastolic blood pressure.

Conclusions—Microbleeds in deep and lobar locations are associated with worse outcomes than

microbleeds in either location alone, although presence of lobar microbleeds appears to be more

clinically relevant.
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Introduction

Cerebral microbleeds are perivascular collections of hemosiderin that manifest

radiologically as focal signal loss on T2*-weighted gradient-echo magnetic resonance

imaging (MRI). Together with white matter hyperintensities (WMH) and lacunar infarcts,

microbleeds have recently emerged as an important third MRI marker of small vessel

pathology. They are frequently seen among healthy older adults and their prevalence

increases with age [1–3]. When distributed in deep and infratentorial regions, such as the

basal ganglia, thalamus and brainstem, microbleeds typically are the result of hypertensive

vasculopathy [3]. When they appear in cortical and subcortical regions of the cerebral lobes

(i.e., “lobar” distribution), microbleeds typically reflect hemorrhagic lesions attributable to

cerebral amyloid angiopathy (CAA), which refers to the deposition of beta-amyloid in the

media and adventitia of small cerebral arterioles [3–5].

Microbleeds are relevant to cognitive aging in three ways. First, community-based studies

and studies with patients meeting clinical criteria for CAA [6] have suggested that higher

numbers of microbleeds, as a proxy measure of the severity of CAA pathology, are related

to poorer cognition [7–9]. Second, consistent findings have implicated markers of

cerebrovascular disease in the clinical presentation and pathogenesis of Alzheimer's disease

(AD) [10–13]. That the vast majority of patients with AD have evidence of CAA at autopsy

[14] provides evidence of a mechanistic link between cerebrovascular disease and the

pathogenesis of AD. Finally, with the implementation of novel anti-amyloid treatments for

AD comes the clinical risk of developing microbleeds, or so-called “amyloid-related

imaging abnormalities” (ARIA-H) [15,16]. Despite the clinical importance of microbleeds,

little is known about their prevalence and clinical and demographic correlates, particularly

among racially and ethnically diverse older adults who increasingly comprise the aging

population.

The purpose of this study was to examine the demographic and clinical correlates of lobar

and deep microbleeds in a multi-ethnic, community-based cohort of older adults residing in

northern Manhattan. Based on the extant literature [2,3,17–19] we examined age, sex,

education, vascular risk factors (hypertension, blood pressure, diabetes history, smoking

history), and cognitive status (dementia, mild cognitive impairment). We were also
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interested in determining whether microbleeds were related to white matter hyperintensities

and history of clinical stroke. Furthermore, there is currently no consensus on how best to

categorize the severity of microbleeds. It is unclear, for example, whether simply having a

microbleed or the regional (deep or lobar) distribution or number of microbleeds is clinically

relevant. So, a second goal was to examine various categorization schemes of the

distribution and severity of microbleeds as they relate to these demographic and clinical

variables.

Methods

Participants

Participants were drawn from the Washington Heights/Inwood Columbia Aging Project

(WHICAP), an ongoing prospective community-based longitudinal study of aging and

dementia in northern Manhattan, New York, in residents aged 65 and older that began in

1992. The recruitment procedures and sampling strategies have been described in detail in

earlier work [20]. Participants received a full medical, neurological, and neuropsychological

examination at each of the follow-up visits, approximately every 18 to 24 months.

Beginning in 2005, participants who did not meet criteria for dementia at their previous

follow-up were invited to participate in a high-resolution MRI study, as previously described

[21]. As a result, 769 participants underwent high resolution structural MRI (“baseline

MRI”). The individuals who were eligible for MRI but refused participation, were 1 year

older, more likely to be women, and more likely to be African American compared to the

recipients of a MRI (Brickman et al. 2008). Among the 769 individuals with MRI scanning,

52 met diagnostic criteria for dementia at the clinical visit that was closest to the MRI scan.

Beginning in 2009 we invited active participants who had baseline MRI scans and were not

demented at that time to return for a repeat MRI scan. We completed repeat MRI scans on

339 participants approximately 5 years after their baseline scans. Of the 339 participants, we

acquired gradient echo (GRE) scans for microbleed assessment on 243 of them. Compared

with the 526 participants who did not have GRE scans, those with GRE scans were similar

in age (t(766)=1.782, p=0.075), sex distribution (χ2(1)=0.998, p=0.318), and race/ethnicity

(χ2(3)=1.836, p=0.607) at baseline. They were also similar in terms of presence of the

APOEε4 allele (χ2(1)=0.007, p=0.932), history of heart disease (χ2(1)=0.214, p=0.643),

history of diabetes (χ2(1)=1.171, p=0.279), and smoking history (χ2(1)=0.684, p=0.710).

Participants without GRE scans were more likely to have a clinical history of stroke (17%

vs. 9%; χ2(1)=5.619, p=0.018).

MRI protocol

An optimized, high-resolution three-dimensional T2*-weighted GRE image (TR=45ms,

TE=31ms, flip angle= 13, slice thickness= 2mm) was acquired for microbleed visualization

and quantification on a Philips Intera 1.5 T MRI scanner (Best, the Netherlands). Fluid

attenuated inversion recovery (FLAIR) T2-weighted MRI scans (TR=11,000ms, TE=144ms,

3mm slice thickness) were acquired for white matter hyperintensities (WMH) quantification.

T1-weighted images acquired for additional processing (TR=20ms, TE= 2.1ms, 1.3-mm

slice thickness).

Wiegman et al. Page 3

J Neurol Sci. Author manuscript; available in PMC 2015 October 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Microbleeds were rated by visual inspection following criteria put forth by Greenberg and

colleagues [5]. These criteria include the following parameters: a dark (black) lesion on

T2*-weighted MRI, which is round or ovoid shaped, surrounded at least half way by

parenchyma, and accompanied by a “blooming” effect. The microbleed is devoid of signal

hyperintensity on accompanying T1- or T2-weighted sequences and is distinct from other

mimics, such as iron or calcium deposits, bone, or vessel flow voids. Microbleeds were

classified by location, which included “lobar” in frontal, temporal, parietal, and occipital

lobes and “deep,” which included basal ganglia, thalamus, and infratentorial regions. The

number of microbleeds and location were coded for each subject. A single operator (IBM)

performed all the microbleed reads after achieving excellent inter-rater reliability

(ICC>0.93) on a training data set that had been evaluated by an expert (SMR).

Because there is no consensus in the extant literature about the best classification scheme for

microbleeds among community participants, we considered the distribution in three distinct

ways. First, we compared individuals with at least one microbleeds to those with no

microbleeds. Next, we categorized subjects into four mutually exclusive groups, which

included no microbleeds, 1 or more deep microbleeds (“deep only”), 1 or more lobar

microbleeds (“lobar only”), and 1 or more deep microbleed and 1 or more lobar microbleed

(“deep and lobar”). Finally, because of the hypothesized link between lobar microbleeds and

beta amyloid, we considered lobar microbleeds as a continuous variable to examine “dose

response” individual differences.

Total WMH volume was determined following procedures previously described in detail

[22,23]. Briefly, FLAIR images were skull-stripped and a threshold and seed-growing

algorithm was applied to identify voxels that fell within an a priori-determined distribution

of hyperintense signal. Labeled voxels were summed and multiplied by voxel dimensions to

yield total WMH volume. Because the distribution of WMH volume is positively skewed,

we log transformed the data.

Clinical variables

Vascular risk factors were ascertained by self-report [24] and included diabetes mellitus,

hypertension, smoking history, and clinical stroke. History of heart disease included

arrhythmias, coronary artery disease, and congestive heart failure. Stroke was defined

according to the World Health Organization criteria [25] and supplemented by a medical

examination. These variables were defined dichotomously as absent (0) or present (1). We

examined diastolic and systolic blood pressure. Based on blood pressure measurements, we

defined three hypertension groups according to the World Health Organization criteria [26]:

no hypertension, mild hypertension, and severe hypertension. Mild hypertension was

defined as having either a systolic blood pressure of 140 to 159 or diastolic pressure of 90 to

99. Severe hypertension was defined as systolic blood pressure of greater than or equal to

160 or diastolic blood pressure of greater than or equal to 100. Furthermore, presence of

history of treatment or diagnosis of hypertension was assessed. Participants who used blood

pressure-lowering medication were classified as mild hypertensive, regardless of their

blood-pressure at the measurement point. APOE genotyping was available for 232

participants and was determined according to the method of Hixson and Vernier [27], with
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slight modification [28]. In the analysis, we looked at presence of the APOE e4 allele. Body

mass index was calculated as weight in kilograms/(height in meters × height in meters).

Diagnoses of dementia and mild cognitive impairment were made following procedures

previously described in detail [29]. Finally, number of years of education was ascertained by

self report.

Statistical analysis

The first set of analyses compared demographic and clinical characteristics between

individuals with no microbleeds and individuals with at least one microbleed. T-tests were

used for continuous variables and chi-squared analysis was used for proportional data. The

second set of analyses examined demographic and clinical differences among the four

mutually exclusive microbleed distribution groups (no microbleeds, “deep only,” “lobar

only,” and “deep and lobar”). One-way analysis of variance (ANOVA) was used for

continuous measures and chi-squared analysis was used for proportional data. We

hypothesized that lobar microbleeds, in particular, would be associated with poorer clinical

outcomes and that individuals with both deep and lobar microbleeds would be even more

affected. Thus, we tested the linear trend across the four microbleed groups (no microbleeds,

deep only, lobar only, and deep and lobar). Omnibus tests were also followed-up by simple

2-group analyses.

Finally, we examined the association between the number of lobar microbleeds and

continuous demographic and clinical variables with simple bivariate correlations. We

restricted these analyses to lobar microbleeds only because the distribution of lobar

microbleeds was relatively evenly distributed from 0 to 18, whereas of the 26 people with

deep microbleeds, 25 of them only had 1.

Results

Gradient echo imaging data were available for 243 individuals and 67 (27%) of those

individuals had at least one microbleed.

No microbleed versus one or more microbleeds

Differences between individuals with and without microbleeds are displayed in Table 1.

Individuals with microbleeds were more likely to have a clinical history of stroke. At a

statistical trend level, those with microbleeds also had more severe WMH than those

without. This effect was most prominent among Hispanic participants (χ2(1)=7.555, p =

0.006) and was also observed at a trend level among non-Hispanic Whites (χ2(1)=2.168, p =

0.141), but not among African Americans (χ2(1)=0.046, p = 0.831). The two microbleed

groups did not differ in the other clinical and demographic variables, including age; sex and

ethnicity distribution; years of education; APOE e4 and e2 frequency; frequency of

hypertension, diabetes, and smoking; BMI; and frequency of MCI and dementia.
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Comparison across mutually exclusive microbleed groups

Table 2 displays the differences between the groups with no microbleeds, strictly lobar,

strictly deep, and microbleeds in both deep and lobar locations. Differences emerged in

distribution of hypertension, proportion of strokes, and overall WMH burden. The test of

linear trends shows that the severity of these three clinical characteristics increased

monotonically across the groups, from individuals with no microbleeds to individuals with

both deep and lobar microbleeds. Otherwise, the four groups did not differ in the other

demographic or clinical characteristics.

Relationship between number of lobar microbleeds and clinical variables

Increased number of lobar microbleeds was associated with increased total volume of WMH

(r(233)=0.164, p=0.012) and diastolic blood pressure (r(229)=0.170, p=0.010). Otherwise,

the number of lobar microbleeds was not associated with BMI, age, systolic blood pressure,

pulse pressure, or number of years of education.

Discussion

In this community-based, multi-ethnic cohort of older adults, we studied the prevalence of

cerebral microbleeds and their demographic correlates. We found that 27% of these

community-based participants had at least one microbleed, a prevalence that is consistent

with other community-based imaging studies of older adults [30]. Individuals with at least

one microbleed were more likely to have a history of clinical stroke than individuals

without; this observation was particularly true among Hispanics and non-Hispanic Whites.

Otherwise, the two groups were similar in demographic features and clinical correlates.

When we examined whether the distribution of microbleeds differentially related to

demographic and clinical features, we found that individuals with microbleeds in lobar

regions had more severe WMH than those with microbleeds in strictly deep regions and

controls.

Interest in microbleeds has increased recently in the extant literature but there is little

consensus about how to classify their severity and distribution. A second goal of this study

was to examine various categorization schemes as they relate to different demographic and

clinical variables. We categorized microbleeds according to their distribution and by their

number because lobar versus deeply distributed microbleeds are assumed to point to

different phenomena, including CAA and hypertensive vasculopathy, respectively [3–5].

Linear trends across the four microbleed groups (no microbleeds, deep only, lobar only, and

deep and lobar) showed that the severity of hypertension, proportion of strokes, and overall

WMH burden increased monotonically across the groups, from individuals with no

microbleeds to individuals with both deep and lobar microbleeds. Therefore, microbleeds in

deep and lobar locations are associated with worse clinical outcomes than microbleeds in

either location alone, although presence of lobar microbleeds appears to be more clinically

relevant than presence of deep. When considered as a continuous measure, the number of

lobar microbleeds was positively associated with diastolic blood pressure and WMH

volume. Our observations suggest that microbleeds distributed in lobar regions may be more

clinically relevant in a “dose response” fashion.
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The underlying pathology of lobar microbleeds is believed to be CAA, which is supported

by evidence from autopsy studies [4,31], population-based studies [5,30], and APOE-alleles

studies in populations with lobar microbleeds [32,33]. Microbleeds result when cerebral

amyloid angiopathy damages the vessel wall and leads to the leaking of blood into adjacent

brain tissue. We and others have hypothesized that WMH represent heterogeneous

pathology, including, perhaps CAA, thus providing a potential mechanistic link between

regionally distributed white matter disease and AD [11,34–37]. Consistent with previous

reports [36,38,39], individuals with microbleeds in lobar regions had more severe WMH

than those with microbleeds in strictly deep regions and controls.

Trials with anti-amyloid treatments in AD have shown that although the immunization was

effective in removing parenchymal amyloid β plaques, there was no change in CAA [40]

and even led to more CAA-related micro-hemorrhagic lesions or so-called “ARIA-H”

[41,42]. Spontaneous ARIA in AD patients detected at screening or during treatment with a

placebo may suggest that ARIA is an expected phenomenon in AD, reflecting amyloid

clearance [16,43]. Indeed, microbleeds, the main component of ARIA-H, are reported in up

to 32% of patients with AD [44]. Anti-amyloid treatments may therefore only aggrevate and

increase the likelihood of ARIA. Cerebral amyloid angiopathy seems to be the common

factor of these spontaneous microbleeds and the microbleeds seen after anti-amyloid

treatment. Individuals with microbleeds (27% of the sample in the current study), in

particular lobar microbleeds indicative of CAA, might be at risk for development of ARIA if

ultimately enrolled in anti-amyloid therapeutic trials and/or may be inappropriate for

treatment with amyloid therapies because of an elevated risk of adverse treatment outcomes.

We found that individuals with microbleeds were more likely to have a history of clinical

stroke and increased diastolic blood pressure than people without. Vascular risk factors,

such as high blood pressure, are risk factors for intracerebral hemorrhage and ischemic

stroke and microbleeds are known risk factors for larger intracerebral hemorrhages [19,45–

49]. Together with the observations about WMH, these observations show that risk factors

for and markers of vascular brain health tend to co-occur.

Regardless of the categorization scheme employed, we did not observe expected

associations between microbleeds and several demographic or clinical features, including

diabetes, smoking history, APOE, ethnicity, cognitive status, and age whereas other studies

have [2,3,9,17–19,32,33,50–55]. Several non-mutually exclusive possibilities could

contribute to these negative observations. First, it is likely that 1.5T MRI scanners

underestimate the severity of microbleeds. Indeed, higher field-strength magnets are much

more sensitive for microbleed detection, such as in the recent study that observed that 21%

of individuals with atherosclerotic disease had measurable microbleeds when scanned with a

1.5 T MRI compared with 50% when scanned with a 7 T MRI [56]. It is possible that we

underestimated both the number of individuals with microbleeds and the number of

microbleeds among individuals with detectable microbleeds. In terms of compatability

across studies, those that employ higher field strength magnets are likely more sensitive for

microbleed detection, thus increasing statistical power, but the specificity of detection

should be comparable across field strengths. Second, there were relatively few individuals

with microbleeds, thus limiting statistical power to detect associations. In a similar vein, few
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individuals met criteria for cognitive impairment (AD or MCI) and had the APOE ε4 allele.

Third, our cohort is older, has more medical morbities, and is more ethnically/racially

diverse than other study samples in which microbleeds have been investigated. This

increased heterogeneity in our cohort may have obscured findings that link microbleeds with

factors that are also associated with other clinical outcomes. Finally, the number of

statistical analyses conducted without correction may have increased Type I statistical error

rates.

Our cohort is on average older than cohorts in other similar efforts [3] and more ethnically/

racially diverse than most studies of aging. The population of older adults is living longer

and comprises much more ethnic and racial diversity than in the past. Future studies should

continue to understand the nature and determinants of brain aging among diverse older

adults with sufficient numbers of participants to maximize statistical power.
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Figure 1.
Example of a microbleed in posterior distribution (red arrow).
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Table 1

Demographic and clinical differences between individuals with 1 or more microbleed and those with no

microbleeds.

No Microbleeds Any Microbleeds Total Sample Statistic

N 176 67 243

Age, mean yrs (SD) 84.27 (5.36) 85.22 (5.29) 84.50 (5.34) t(241)=1.237, p=0.217

Sex, N women (%) 125 (71%) 44 (65.6%) 169 (69.5%) X2(1)=0.656, p=0.418

Mean (SD), education years, not available for 2 subjects 10.90 (4.849) 11.36 (5.459) 11.04 (5.006) t(239)=0.635, p=0.526

Ethnicity N(%) White/non-hisp or other 52 (29.5%) 23 (34.3%) 75 (30.9%) X2(2)=1.962, p=0.375

Black/non-hisp 60 (34.1%) 26 (38.8%) 86 (35.4%)

Hispanic 64 (36.4%) 18 (26.9%) 82 (33.7%)

Hypertension No 96 (57%) 30 (49%) 128 (51.8%)

X2(2)=3.924, p=0.141Mild 47 (28%) 15 (24.5%) 62 (25.1%)

Severe 25 (14.8%) 61 (26%) 17 (18.1 %)

Mean (SD) diastolic BP 72.23 (12.48) 74.00 (11.17) 72.81 (12.11) t(227)=0.974, p=0.331

Mean (SD) systolic BP 138.56 (21.21) 141.92 (25.45) 139.6 (22.53) t(227)=1.003, p=0.317

Mean (SD) pulse pressure 66.33 (18.58) 67.92 (22.09) 66.79 (19.63) t(227)=0.544, p=0.587

Heart disease

Diabetes, N (%) 35 (19.9%) 13 (19.4%) 48 (19.8%) X2(1)=0.007, p=0.933

Smoking N (%), not
available for 14 subjects

No 91 (55.2%) 27 (42.2%) 118 (51.1%) X2(2)=3.525, p= 0.172

Past 54 (32.7%) 29 (45.3%) 83 (36.2%)

Current 20 (12.1%) 8 (12.5%) 28 (12.2%)

APOE e4, N (%) APOE not available on 11 subjects 46 (27%) 14 (22.5%) 63 (25.5%) X2(1)=0.475, p=0.491

APOE e2, N (%) 29 (17%) 12 (19.3%) 42 (17.7%) X2(1)=0.165, p=0.685

Mean (SD) BMI 27.91 (6.28) 27.26 (5.07) 27.78 (5.98) t(241)=0.752, p= 0.453

Alcohol N (%) 14 (7.95%) 4 (5.97%) 18 (7.41%) X2(1)=0.279, p=0.598

Stroke (signs or symptoms) N (%) 10 (5.7%) 10 (14.9%) 20 (8.2%) X2 (1)=5.490, p=0.019

Mean (SD), total WMH, not available for 10 subjects 8.98 (11.60) 12.12 (14.03) 9.70 (12.30) t(231)= 1.729, p=0.085

Mean (SD) Log total WMH, not available for 10
subjects

1.53 (1.25) 1.80 (1.37) 1.58 (1.30) t(231)=1.405, p=0.161

Dementia N (%) 5 (2.8%) 0 (0%) 5 (2.1%) X2(1)=1.943,p= 0.163

MCI N (%), not available for 47 subjects 27 (19%) 13 (24%) 40 (20.4%) X2(1)=0.617, p=0.432
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Table 2

Demographic and clinical differences across the four microbleed groups.

No Microbleeds Deep Only Lobar Only Deep and Lobar Statistic P for
linear
trend

N 176 14 41 12

Age, mean yrs (SD) 84.27 (5.36) 86.27 (4.84) 84.59 (5.38) 86.15 (5.620 F(3,242)=1.002, P=0.393 0.437

Sex, N women (%) 125 (71%) 9 (64.3%) 27 (65.9%) 8 (66.7%) X2(3)=0.675, p=0.879 0.477

Mean (SD), education years, not available
for 2 subjects

10.90 (4.85) 11.79 (4.63) 11.90 (5.79) 8.82 (4.83) F(3)=1.274, p=0.284 0.213

Ethnicity N (%) White/non-hisp or other 52 (29.5%) 6 (42.9%) 15 (36.6%) 2 (16.7%) X2(6)=4.363, p=0.628 0.455

Black/non-hisp 60 (34.1%) 5 (35.7%) 15 (36.6%) 6 (50%)

Hispanic 64 (36.4%) 3 (21.4%) 11 (26.8%) 4 (33.3%)

Hypertension No 96 (57.1%) 7 (58.3%) 19 (50%) 4 (36.4%) X2(6)=8.637, p=0.195 0.044

Mild 47 (28.0%) 4 (33.3%) 7 (18.4%) 4 (36.4%)

Severe 25 (14.9%) 1 (8.3%) 12 (31.6%) 3 (27.3%)

Mean (SD) systolic BP 138.56 (21.21) 136.83 (16.74) 141.95 (27.60) 147.36 (26.38) F(3)=0.755, p=0.520 0.158

Mean (SD) diastolic BP 72.23 (12.48) 72.25 (6.89) 74.74 (11.57) 73.36 (13.95) F(3)=0.453, p=0.716 0.627

Mean (SD) pulse pressure 66.33 (18.58) 64.58 (16.13) 67.21 (22.45) 74.00 (26.85) F(3)=0.584, p=0.626 0.188

Heart disease

Diabetes, N (%) 35 (19.9%) 1 (7.1%) 8 (19.5%) 4 (33.3%) X2(3)=2.804, p=0.423 0.616

Smoking N
(%), not
available for 14
subjects

No 91 (55.2%) 6 (50%) 16 (39.0%) 5 (45.5%) X2(6)=8.466, p=0.206 0.110

Past 54 (32.7%) 6 (50%) 20 (48.8%) 3 (27.3%)

Current 20 (12.1%) 0 (0%) 5 (12.2%) 3 (27.3%)

APOE e4, N (%) not available on 11
subjects

46 (27.1%) 2 (14.3%) 11 (28.9%) 1 (10%) X2(3)=2.606, p=0.456 0.509

APOE e2, N (%) 29 (17.1%) 1 (7.1%) 8 (21.1%) 3 (7.3%) X2(3)=2.454, p=0.484 0.368

Mean (SD) BMI 27.91 (6.28) 29.03 (6.29) 27.01 (5.04) 26.06 (3.11) F(3)=0.785, p=0.503 0.183

Alcohol N (%) 14 (8.0%) 2 (14.3%) 2 (4.9%) 0 (0%) X2(3)=2.385, p=0.496 0.325

Stroke (signs or symptoms) N (%) 10 (5.7%) 0 (0%) 7 (17.1%) 3 (25%) X2(3)=l 1.482, p=0.009 0.013

Mean (SD), total WMH, not available for
10 subjects

0.67 (4.06) 0.15 (1.91) 2.16 (4.49) 1.88 (5.13) F(3)=1.912, p=0.128 0.066

Dementia N (%) 23 (13.1%) 0 (0%) 2 (5.3%) 1 (8.3%) X2(3)=3.950, p=0.267 0.192

MCI N (%), not available for 47 subjects 27 (19.0%) 2 (15.4%) 7 (21.9%) 4 (44.4%) X2(3)=3.615, 0.306 0.194
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