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ABSTRACT

Objective: To determine whether microvascular damage, indicated by cerebral microbleeds
(CMBs) and retinal microvascular signs, is associated with cognitive function and dementia in
older persons.

Methods: This is a cross-sectional study of 3,906 participants (mean age 76 years; 58% women)
in the AGES-Reykjavik Study (2002–2006). We assessed CMBs on MRI and retinal microvascu-
lar signs on digital retinal images. Composite Z scores of memory, processing speed, and execu-
tive function were derived from a battery of neurocognitive tests. Dementia and subtypes were
diagnosed following international criteria. Regression models were used to relate cognitive Z
scores and dementia to CMBs and retinal microvascular signs, adjusting for demographics, car-
diovascular factors, and brain ischemic lesions.

Results: People with multiple (�2) CMBs had lower Z scores on tests of processing speed (�-
coefficient �0.16; 95% confidence interval �0.26 to �0.05) and executive function (�0.14;
�0.24 to �0.04); results were strongest for having multiple CMBs located in the deep hemi-
spheric or infratentorial areas. The odds ratio of vascular dementia was 2.32 (95% confidence
interval 1.02 to 5.25) for multiple CMBs and 1.95 (1.04 to 3.62) for retinopathy. Having both
CMBs and retinopathy, compared to having neither, was significantly associated with markedly
slower processing speed (�0.25; �0.37 to �0.12), poorer executive function (�0.19; �0.31 to
�0.07), and an increased odds ratio of vascular dementia (3.10; 1.11 to 8.62).

Conclusion: Having multiple CMBs or concomitant CMBs and retinopathy is associated with a
profile of vascular cognitive impairment. These findings suggest that microvascular damage, as
indicated by CMBs and retinopathy lesions, has functional consequences in older men and women
living in the community. Neurology® 2010;75:2221–2228

GLOSSARY
AD � Alzheimer disease; AGES � Age, Gene/Environment Susceptibility; CAA � cerebral amyloid angiopathy; CI � confi-
dence interval; CMB � cerebral microbleed; DSM-IV � Diagnostic and Statistical Manual of Mental Disorders, 4th edition;
DSST � Digit Symbol Substitution Test; FA � flip angle; FLAIR � fluid-attenuated inversion recovery; FOV � field of view;
FSE � fast spin-echo; MR � magnetic resonance; OR � odds ratio; PD � proton density; TE � echo time; TR � repetition
time; VaD � vascular dementia; VCI � vascular cognitive impairment; WMH � white matter hyperintensity.

The functional impact of microvascular damage has been well-studied in the retina, kidney,
and peripheral nervous system, but its effect in the brain is poorly understood.1 However, there
has been an increasing interest in studying cerebral microbleeds (CMBs) as a marker of micro-
vascular disease.2–4 CMBs, characterized by foci of signal loss on T2*-weighted gradient-echo
MRI, have been histopathologically confirmed as hemorrhagic microvascular lesions or mi-
croangiopathy in the brain.5 CMBs are frequently detected among asymptomatic older adults,
and the prevalence of CMBs increases with advancing age.6–8 CMBs are more likely to occur in
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people with hypertension,2–4 cerebral amyloid
angiopathy (CAA),2– 4,9 cerebral autosomal
dominant arteriopathy with subcortical in-
farcts and leukoencephalopathy,2,10 stroke,2–4

and diabetes and retinopathy,11 all conditions
reported to be associated with cognitive im-
pairment.9,10,12,13 Indeed, cognitive conse-
quences of CMBs have been noted in several
patient-based studies,2– 4,14 but data from
population-based studies are lacking.

Extant studies show that retinal micro-
vascular lesions are strongly correlated with
cerebral small vessel disease such as white
matter lesions and CMBs,11,15–17 suggesting
that these retinal microvascular signs are
markers for cerebral microvascular disease.
Thus, studying retinal microvascular signs
is another approach to indirectly measuring
cerebral microvascular disease. Indeed, sev-
eral population-based studies of middle-
aged and older people suggest that retinal
microvascular signs, in particular retinopathy
lesions, are associated with poorer performance
in cognitive domains such as processing speed
and executive function.18–21

Here, we investigate, in a community-
based cohort of older people, whether CMBs
and retinal microvascular signs are associated
with cognitive function and dementia. Fur-
thermore, we hypothesize that having micro-
vascular lesions in both the brain and retina
indicates a heavier burden of cerebral micro-
vascular damage than having lesions in either
site alone, and thus, is associated with more
severe cognitive consequences.

METHODS Study population. Participants are from the
Age, Gene/Environment Susceptibility (AGES)–Reykjavik
Study, which is described elsewhere.22 Briefly, the Reykjavik
Study was initiated in 1967 by the Icelandic Heart Association
and included men and women born in 1907–1935 and living in
Reykjavik, Iceland. During 2002–2006, 5,764 persons from the
original cohort of the Reykjavik Study were re-examined as a
part of the AGES-Reykjavik Study. The AGES-Reykjavik Study
aims to study common mechanisms leading to major clinical and
subclinical diseases in neurologic, cardiovascular, musculoskele-
tal, and metabolic systems. As part of comprehensive assessments
at the Reykjavik research center, a questionnaire, clinical exami-
nation, and cognitive battery were administered, and images
were acquired of the brain and retina.

Standard protocol approvals, registrations, and patient
consents. The AGES-Reykjavik Study was approved by the
Icelandic National Bioethics Committee (VSN: 00–063), the
Icelandic Data Protection Authority, Iceland, and the Institu-

tional Review Board for the National Institute on Aging, NIH,
United States. Written informed consent was obtained from all
participants.

Retinal microvascular measures. Retinal digital images
were taken directly from the fundus of both eyes with a 6.3-
megapixel Canon CR6 nonmydriatic digital camera after
maximal pupil pharmacologic dilation.11,23 At the Ocular Ep-
idemiology Reading Center, University of Wisconsin, 3 certi-
fied graders assessed retinal images for the presence of
retinopathy lesions and retinal arteriolar signs (focal arteriolar
narrowing and arteriovenous nicking) following a validated
protocol.16 Retinopathy lesions included retinal blot hemor-
rhages, microaneurysms, soft exudates, and other less com-
mon lesions such as hard exudates, macular edema, and optic
disc swelling.24 The quality control procedure and intergrader
and intragrader reliability for assessing retinal microvascular
signs have been reported elsewhere.11,16

MRI acquisition and reading protocol. High-resolution
MRI was acquired on a 1.5-T Signa Twinspeed System (General
Electric Medical Systems, Waukesha, WI).7,11,16 The image pro-
tocol consisted of a proton density (PD)/T2-weighted fast spin-
echo (FSE) sequence (time to echo [TE] 1, 22 msec; TE2, 90
msec; repetition time [TR], 3,220 msec; echo train length, 8; flip
angle [FA], 90°; field of view [FOV], 220 mm; matrix, 256 �

256) and a fluid-attenuated inversion recovery (FLAIR) se-
quence (TE, 100 msec; TR, 8,000 msec; inversion time, 2,000
msec; FA, 90°; FOV, 220 mm; matrix, 256 � 256). A T2*-
weighted gradient-echo type echoplanar sequence (TE, 50 msec;
TR, 3,050 msec; FA, 90°; FOV, 220 mm; matrix, 256 � 256)
was used to detect CMBs. The above sequences were acquired in
3-mm-thick interleaved slices. Also acquired were T1-weighted
3-dimensional spoiled gradient-echo sequence (TE, 8 msec; TR,
21 msec; FA, 30; FOV, 240 mm; matrix, 256 � 256; slice thick-
ness, 1.5 mm) images. All images were acquired to give full brain
coverage and slices were angled parallel to the anterior commis-
sure–posterior commissure line to give reproducible image views
in the oblique-axial plane.

CMBs were first identified and scored by neuroradiologists
following the criteria reported elsewhere.7,11 Then, trained and
standardized raters accessed the database and recorded the loca-
tion of each bleed, up to 30; additional bleeds over 30 were not
recorded for their size and location due to coalescing of individ-
ual microbleeds. Lesion location was recorded as present in the
cerebral lobes (frontal, temporal, parietal, and occipital), basal
ganglia, external capsule, and infratentorial structure (medulla
oblongata, cerebellum, pons, and mesencephalon).7 CMBs were
assessed with good interrater reliability (� � 0.73) and excellent
intrarater reliability (� � 1).7

WMHs were defined as visible hyperintense lesions on T2-
weighted FSE/PD and FLAIR images. The load of WMHs was
rated separately for subcortical and periventricular regions fol-
lowing a semiquantitative rating scale with known properties.16,25

Cerebral infarct was defined as a defect of the brain parenchyma
with a signal intensity that is isointense to that of CSF on all
pulse sequences and with a diameter �4 mm, with the exception
of infarcts in the cerebellum that had no size criteria.26

Cognitive function. Three domains of cognitive function
were measured with a battery of neurocognitive tests.27,28 Mem-
ory function was assessed with a modified version of the Califor-
nia Verbal Learning Test that includes subtests of immediate and
delayed recall; processing speed was measured with the Digit
Symbol Substitution Test (DSST), the Salthouse Figure Com-
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parison Test,29 and the Stroop Test parts 1 and 2; and executive
function was tested with the Digits Backward, a shortened ver-
sion of the CANTAB spatial working memory test, and the
Stroop Test part 3. The composite score for each cognitive do-
main was constructed according to a theoretical grouping of tests
as reported elsewhere,30,31 and was computed by converting raw
scores to standardized Z scores and averaging them across all tests
for the domain. The composite Z scores were based on the distri-
bution of tests in the total AGES-Reykjavik sample.

Diagnosis of dementia and subtypes. The case finding was
based on a 3-step procedure. All participants were screened on
the Mini-Mental State Examination and DSST. Screen positives
on either of the tests were administered another more complete
diagnostic test battery. Those screening positive on the Trails A
and B or the Rey Auditory Verbal Learning Test went for a final
assessment that included a proxy interview and a neurologic ex-

amination. The diagnosis of dementia and subtypes was made
during a consensus conference that included a geriatrician, a
neurologist, a neuropsychologist, and a neuroradiologist who
provided a clinical reading of MRI.28 Dementia was diagnosed
according to the guidelines of the DSM-IV.32 Alzheimer disease
(AD) was diagnosed according to the criteria of the National
Institute of Neurological and Communicative Diseases and
Stroke–Alzheimer’s Disease and Related Disorders Association.33

Vascular dementia (VaD) was diagnosed following the criteria of
the State of California AD Diagnostic and Treatment Cen-
ters34,35; Clinical medical history and MRI were used in the diag-
nosis. It was possible to diagnose a subject with possible AD and
possible VaD if the 2 pathologies were thought to contribute to
dementia.

Covariates. Demographic, cardiovascular, and brain patho-
logic factors may confound the association of microvascular le-

Table 1 Characteristics of participants by presence of CMBs and retinopathy: The AGES-Reykjavik Study

Characteristics
Neither
(n � 2,794)

Only CMBs
(n � 324)

Only retinopathy
(n � 662)

Both
(n � 126) p Valuea

Age, mean (SD), y 75.6 (5.2) 77.3 (5.0) 76.7 (5.5) 78.0 (5.6) �0.001

Women, n (%) 1,681 (60.2) 143 (44.1) 376 (56.8) 61 (48.4) �0.001

Educational level, n (%)

Primary school or less 629 (22.5) 70 (21.6) 141 (21.3) 42 (33.3)

Middle school 1,392 (49.8) 168 (51.9) 339 (51.2) 55 (43.7)

High school or more 773 (27.7) 86 (26.5) 182 (27.5) 29 (23.0) 0.171

Body mass index, mean (SD)b 27.1 (4.4) 26.4 (4.1) 27.0 (4.5) 26.7 (3.5) 0.923

Current smoker, n (%) 328 (11.7) 30 (9.3) 75 (11.3) 17 (13.5) 0.446

Hypertension, n (%) 2,195 (78.6) 278 (85.8) 540 (81.6) 115 (91.3) �0.001

Diabetes, n (%) 253 (9.1) 32 (9.9) 115 (17.4) 29 (23.0) �0.001

Use of anticoagulants, n (%)c 172 (6.9) 32 (10.6) 49 (8.0) 21 (17.5) �0.001

Depressive symptomology, n (%)c,d 174 (6.5) 26 (8.4) 40 (6.4) 6 (4.9) 0.860

Visual deficit, n (%)c,e

No 1,451 (60.4) 139 (48.3) 313 (52.9) 61 (54.5)

1 eye 608 (25.3) 84 (29.2) 181 (30.6) 26 (23.2)

2 eyes 342 (14.2) 65 (22.6) 98 (16.6) 25 (22.3) 0.015

Cerebral infarcts, n (%) 757 (27.1) 164 (50.6) 200 (30.2) 73 (57.9) �0.001

Subcortical WMHs, mL, median (IQR)c 1.8 (0.5–5.3) 3.8 (1.1–8.3) 2.4 (0.7–5.9) 4.5 (1.3–8.7) �0.001

Periventricular WMHs, median (IQR)c 6 (4–7) 6 (6–8) 6 (4–7) 7 (5–9) �0.001

Focal arteriolar narrowing, n (%) 408 (14.6) 63 (19.4) 167 (25.2) 33 (26.2) �0.001

Arteriovenous nicking, n (%) 1,083 (38.8) 163 (50.3) 330 (49.8) 66 (52.4) �0.001

Memory score, mean (SD) 0.14 (0.90) �0.14 (0.87) 0.01 (0.88) �0.23 (0.81) �0.001

Processing speed score, mean (SD) 0.15 (0.81) �0.05 (0.88) 0.04 (0.82) �0.38 (0.79) �0.001

Executive function score, mean (SD) 0.07 (0.70) �0.06 (0.79) 0.03 (0.74) �0.29 (0.77) �0.001

Dementia, n (%) 77 (2.8) 19 (5.9) 28 (4.2) 8 (6.3) 0.001

Alzheimer disease, n (%) 54 (1.9) 10 (3.2) 21 (3.2) 1 (0.8) 0.705

Vascular dementia, n (%) 22 (0.8) 11 (3.5) 12 (1.9) 6 (4.8) �0.001

Abbreviations: AGES � Age, Gene/Environment Susceptibility; CMB � cerebral microbleed; IQR � interquartile range; WMH � white matter hyperintensity.
a p Value is for the test of global association of the 4 groups, adjusted for age and sex.
b Body mass index calculated as measured weight in kilograms divided by height in meters squared.
c Numbers of missing subjects: 366 for use of anticoagulants, 179 for depressive symptomology, 513 for visual acuity, 21 for subcortical WMHs, and 78
for periventricular WMHs. In subsequent analyses, they were either included in dummy variables (use of anticoagulants, depressive symptomology, and
visual acuity) or replaced with median (WMHs).
d Depressive symptomology defined as a score �6 on the 15-item Geriatric Depression Scale.
e Visual deficit defined as visual acuity worse than 20/40.
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sions to cognitive function. Education and smoking were
assessed via questionnaire. Use of blood pressure–lowering
drugs, blood glucose–lowering drugs, and anticoagulants was as-
certained from medication vials brought to the research center.
Body mass index was calculated as measured weight (kg) divided
by height (meters) squared. Hypertension was defined as self-
reported history of hypertension, use of blood pressure–lowering
drugs, or blood pressure �140/90 mm Hg. Diabetes was identi-
fied through self-reported history of diabetes, use of blood glu-
cose drugs, or fasting blood glucose �7.0 mmol/L. Depressive
symptomology was defined as a score �6 on the 15-item Geriat-
ric Depression Scale. Visual deficit was defined as visual acuity
worse than 20/40, and was categorized into having no deficit,
deficit in one eye, and deficit in both eyes.

Analytical sample. Of the 5,764 participants, 762 (13.2%) did
not have a magnetic resonance (MR) scan due to contraindications,
refusal, or claustrophobia, or only participated in a home visit. An
additional 298 (5.2%) did not have the specific image needed for
evaluating CMBs. Among those with complete MR scans (n �

4,704), we further excluded 798 (13.8%) subjects who had incom-
plete data on either retinal images (n � 448) or cognitive function
(n � 350), leaving 3,906 (67.8%) persons for current analysis.
Compared with individuals who were included, those excluded
(n � 1,858) were older (79.1 vs 76.0 years, p � 0.001), less edu-
cated (for primary school or less, 27.1% vs 22.5%, p � 0.001), and
more likely to report smoking (14.7% vs 11.5%, p � 0.02) and to
have diabetes (17.0% vs 11.0%, p � 0.001), but the 2 groups did
not differ by sex or hypertension.

Statistical analysis. We used general linear regression models
to estimate the �-coefficient (95% confidence interval [CI]) of
the composite cognitive Z score, and logistic regression models
to estimate the OR (95% CI) of dementia associated with CMBs
and retinal microvascular signs. Retinal vascular lesions were di-
chotomized, and CMBs were categorized into dichotomous and
trichotomous (a single or multiple [�2] vs no CMBs) variables.
Because the distribution of CMBs may reflect different patholo-
gies,2–4 we also examined in secondary analyses CMBs by loca-
tion36: a strict lobar distribution and separately those in the deep
hemispheric or infratentorial regions.

To examine the joint effects of CMBs and retinal vascular le-
sions, we divided subjects into 4 groups: those with no CMBs or
retinal lesion (reference), with only CMBs, only retinal lesions, or
both. We tested statistical interaction by simultaneously including
CMBs, retinopathy, and the cross-product of these variables. We
reported results from 2 models: model 1 adjusted for age, sex, and
education; and model 2, which was further adjusted for depressive
symptomology, visual acuity, smoking, hypertension, diabetes,
body mass index, use of anticoagulants, brain infarcts (present vs
absent), and load of subcortical and periventricular WMHs (entered
as continuous variables). The SPSS Statistics 17.0 for Windows
(SPSS Inc., Chicago, IL) was used for all analyses.

RESULTS Participants had a mean age of 76 years
(SD 5.2; range 66–96) and 58% were women. The
mean composite Z score for memory was 0.09 (SD
0.90), for processing speed 0.09 (0.82), and for exec-
utive function 0.04 (0.72). Of the 3,906 partici-
pants, 132 (3.4%) were diagnosed with dementia,
including 66 with AD, 31 with VaD, and 20 with
both possible AD and possible VaD. Evidence of
CMBs was found in 450 (11.5%) subjects, 176
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(39.1%) of whom had multiple CMBs. Retinopathy
lesions were detected in 788 (20.2%) subjects, of
which 94.4% were retinal microaneurysms or hem-
orrhages. Subjects with CMBs or with both retinop-
athy and CMBs are older and more likely to have an
elevated risk of cardiovascular disorders, brain in-
farcts, and a heavier WMH load (table 1).

Having CMBs was significantly associated with
lower scores on tests of all 3 cognitive domains (table
2, model 1). The association with lower test scores on
processing speed and executive function remained
significant after further adjusting for potential con-
founders, including brain infarcts and WMHs (table
2, model 2). The associations were strongest in sub-
jects with multiple CMBs (table 2), and particularly
in those having multiple CMBs in the deep hemi-
spheric or infratentorial regions (for processing
speed: multiadjusted �-coefficient �0.20; �0.34 to
�0.06; for executive function: �0.19; �0.33 to
�0.05). Finally, having multiple CMBs was signifi-
cantly associated with an increased OR for VaD.
There was no location-specific association of CMBs
with dementia and subtypes (table 3).

Retinopathy was significantly associated with a
lower score on tests of processing speed in model 1,
but this association was no longer significant when
additional covariates were included in model 2 (table
2). Having retinopathy lesions was significantly asso-
ciated with an increased OR for VaD, independent
of cardiovascular risk factors and comorbid ischemic
brain lesions (table 3). We found no significant asso-
ciation of retinal focal arteriolar narrowing and arte-
riovenous nicking to cognitive performance or
dementia (data not shown).

Compared to those with no CMBs or retinopathy,
individuals with only CMBs or only retinopathy had
similar test scores on all 3 cognitive domains, but people
having both CMBs and retinopathy had markedly
lower scores on processing speed (multiadjusted
�-coefficient �0.25; 95% CI �0.37 to �0.12; pinterac-

tion � 0.008) and executive function (�0.19; �0.31 to
�0.07; pinteraction � 0.020) (figure 1). Results were
strongest for processing speed (�0.23; �0.41 to
�0.04; pinteraction � 0.006) and executive function
(�0.26; �0.45 to �0.08; pinteraction � 0.006) in those
with strict lobar CMBs and retinopathy (table e-1 on
the Neurology® Web site at www.neurology.org). Fi-
nally, compared to people having no CMBs or retinop-
athy, the multiadjusted OR for VaD was 2.31 (95% CI
1.05 to 5.06) in those having only CMBs, 2.31 (1.10 to
4.85) in those with only retinopathy, and 3.10 (1.11 to
8.62) in those having both lesions.

We repeated the main analyses of CMBs, retinopa-
thy, and cognitive function among subjects without de-
mentia (table e-2 and figure e-1); results were generally
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comparable to those reported in table 2 and figure 1.
Finally, we obtained results for AD and VaD that were
similar to those reported in table 3 when 20 cases with
both possible AD and possible VaD were excluded
from the analyses (data not shown).

DISCUSSION This community-based study of
older adults suggests that having multiple CMBs is

associated with a range of indicators for vascular cog-
nitive impairment (VCI), including slower process-
ing speed, poorer executive function, and VaD. The
association of CMBs to poorer cognitive perfor-
mance is strongest for having multiple CMBs and is
strengthened in the presence of retinopathy lesions.
All these associations are independent of major car-
diovascular factors, WMHs, and cerebral infarcts.
The magnitude of the associations with multiple
CMBs or concomitant CMBs and retinopathy is ap-
proximately equal to that of per 3- to 5-year incre-
ment in age (multiadjusted �-coefficients range
�0.12 to �0.30). These findings suggest that loss of
microvascular integrity, as indicated by CMBs and
retinopathy lesions, has functional consequences in
older men and women living in the community.

This study has several strengths. It is based on a
large cohort of older people living in the community
that is well-characterized with regard to health fac-
tors, retinal microvasculature, cerebral small vessel le-
sions, and cognitive function. Moreover, we are able
to control for a broad range of factors that may po-
tentially confound the association of cognitive func-
tion to vascular lesions in the brain and retina.
Finally, the 3 cognitive domains were measured with
multiple tests, which gave more robust assessments
compared to those based on any single cognitive test.

This cross-sectional study also has limitations.
First, a temporal relationship of retinal and cerebro-
vascular lesions to cognitive dysfunction cannot be
established, although a reverse temporal relationship
is unlikely. Furthermore, a cross-sectional study is
subject to bias due to selective survival or selective
participation, but only if CMBs, retinal microvascu-
lar lesions, and cognitive dysfunction are differen-
tially related to survival and participation. There is
no evidence to suggest this is the case here. Finally,
we cannot completely rule out the residual con-
founding due to imperfect measurement of con-
founders or unmeasured confounders.

Our findings of CMBs in association with lower
scores in processing speed and executive function are
similar to those reported for cerebral ischemic small
vessel disease.27,28,30 The additional finding that VaD,
but not AD, is associated with CMBs and retinopa-
thy lesions is consistent with the hypothesis that mi-
crovascular damage is associated with a profile of
VCI.37,38 The interaction of CMBs with retinopathy
suggests that more extensive microvascular lesions,
which could manifest as increasingly lower cognitive
function, underlie vascular disease not necessarily
captured in the brain MR scans. There was no inter-
action of CMBs with retinopathy on VaD, although
people with both lesions had a slightly higher odds
for VaD compared to those having lesions only in

Figure 1 Joint effect of CMBs and retinopathy on cognitive function: Age,
Gene/Environment Susceptibility–Reykjavik Study

Model 1 was adjusted for age, sex, and education; model 2 was further adjusted for depressive
symptomology, visual acuity, smoking, hypertension, diabetes, body mass index, use of antico-
agulants, brain infarcts, and load of subcortical and periventricular WMHs. *p � 0.05; **p �

0.001; †p � 0.01. CMBs � cerebral microbleeds; WMHs � white matter hyperintensities.
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one site. However, the number of VaD cases is small,
which results in relatively wide CIs.

In secondary analyses, we found that the associa-
tions of poorer cognitive function to CMBs vary by
their location and presence of retinopathy. Specifi-
cally, the association of poorer cognitive function to
multiple CMBs was strongest for lesions located in
the deep hemispheric or infratentorial regions,
thought to reflect hypertensive vasculopathy.2–4 This
finding, together with others,2– 4,14 suggests that
CMBs may be part of the pathologic spectrum link-
ing hypertension to VCI and dementia. We also
found that the interaction of retinopathy with CMBs
on poorer cognitive function was strongest for CMBs
with a strictly lobar distribution, which are thought
to reflect CAA.2–4 Although CAA and CMBs com-
monly occur in AD,2–4,39,40 our findings suggest that
more pervasive microstructural damage is associated
with cognitive disturbances that are common in vas-
cular origin. Additional investigations are needed to
clarify why memory is not associated with these mi-
crovascular lesions.

CMBs may reflect tiny focal destructive lesions in
strategic and nonstrategic subcortical structures and
connection fibers relevant to cognitive function.2–4,14

Retinopathy lesions mainly include microaneurysms
and retinal hemorrhages, which indicate a breakdown
of retinal blood barrier.15,17,18 Previous studies have
shown that people with both WMHs and retinopathy
had a much higher incidence of stroke than those with-
out cerebral or retinal vascular lesions.24 We also have
reported that retinopathy lesions are correlated specifi-
cally with CMBs.16 Thus, compared to having lesions in
one site, having comorbid CMBs and retinopathy le-
sions may indicate more extensive and more severe sub-
clinical microvascular pathologies, which can result in
substantially worse cognitive performance.

Our findings and those of other studies suggest
that multiple CMBs or concomitant CMBs and reti-
nopathy are markers for clinically relevant cerebro-
vascular disease in patients with mild cognitive
impairment or dementia. Recognition and treatment
of modifiable vascular risk factors should be pursued
in patients with these lesions. Furthermore, the pres-
ence of CMBs and retinopathy lesions might define a
clinical phenotype that would benefit from therapeu-
tic interventions aimed at microvascular pathology.
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