1duosnuey Joyiny Vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuely Joyiny d-HIN

"% NIH Public Access

é@ Author Manuscript
P rensS

Published in final edited form as:
Ann Neurol. 2011 February ; 69(2): 320-327. doi:10.1002/ana.22112.

Cerebral Amyloid Angiopathy Pathology and Cognitive Domains
in Older Persons

Zoe Arvanitakis, MD, MS'-2, Sue E. Leurgans, PhD'.2, Zhenxin Wang, MD', Robert S.
Wilson, PhD'2:3, David A. Bennett, MD'-2, and Julie A. Schneider, MD, MS'2:4

'Rush Alzheimer's Disease Center, Rush University Medical Center, Chicago, IL
2Department of Neurological Sciences, Rush University Medical Center, Chicago, IL
3Department of Behavioral Sciences, Rush University Medical Center, Chicago, IL

4Department of Pathology, Rush University Medical Center, Chicago, IL

Abstract

Objective—To examine the relation of cerebral amyloid angiopathy (CAA) to cognitive domains
in older community-dwelling persons with and without dementia.

Methods—Subjects were 404 persons in the Religious Orders Study, a cohort study of aging,
who underwent annual clinical evaluations, including 19 neuropsychological tests from which 5
cognitive domain and global summary scores were derived, and brain autopsy at time-of-death
(mean age-at-death 86). Using amyloid-f immunostaining, CAA severity was graded in 5 regions
(midfrontal, inferior temporal, angular, calcarine, and hippocampal cortices), as 0 = none, 1 =
mild, 2 = moderate, 3 = severe, and 4 = very severe. Because severity was related across regions
(all rg > 0.63), and almost all persons had some CAA, we averaged regional CAA scores and
created class variable predictors for no-to-minimal (<0.5), mild-to-moderate (0.5-2.5) and
moderate-to-very severe CAA (>2.5).

Results—CAA was very common (84.9%; 94 had no-to-minimal, 233 mild-to-moderate, and 76
moderate-to-very severe disease) and was related to AD pathology (rg = 0.68). In linear regression
analyses controlling for age, sex, education, AD pathology, infarcts, and Lewy bodies, moderate-
to-very severe CAA was associated with lower perceptual speed (p = 0.012) and episodic memory
(p = 0.047), but not semantic memory, working memory, visuospatial skills, or a composite of all
cognitive measures. No associations of mild-to-moderate CAA with cognition were found.
Dementia did not modify these findings.

Interpretation—CAA pathology is very common in older community-dwelling persons and is
associated with AD pathology. Moderate-to-very severe CAA, but not mild-to-moderate CAA, is
associated with lower performance in specific cognitive domains, most notably perceptual speed,
separately from the effect of AD pathology.

Cerebral amyloid angiopathy (CAA) is common in older persons,!-2 and in a small number,
particularly when severe, has been related to serious adverse neurological conditions, most
commonly hemorrhage.3 CAA has also been implicated in dementia,? infarcts,’ and more
recently brain microbleeds.® A general role for CAA in cognitive impairment in aging is
controversial. Indeed, CAA has been related to one of the main causes of dementia,
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Alzheimer's disease (AD) pathology,”™ yet little data are available on the relation of CAA
to cognitive impairment, the principal clinical manifestation of AD.3-19-12 Further, we are
not aware of any previously published study of the relation of CAA to different cognitive
domains. A better understanding of the relation of common neuropathology such as CAA to
a common and disabling condition of aging, cognitive impairment, may impact future
research in aging.

In this study, we tested the hypothesis that CAA pathology is associated with specific
cognitive domains in older community-dwelling women and men, with and without
dementia. We used data from the Religious Orders Study, an ongoing epidemiologic
clinical-pathologic study of aging and dementia. In more than 400 autopsied persons, we
describe characteristics of CAA data, including frequency and distribution of pathology,
inter-relations of severity scores across brain regions, and associations with relevant
variables, including AD pathology. We then examine associations of CAA severity with 5
different cognitive domains and global cognition proximate-to-death, in analyses controlling
for AD pathology and other covariates.

Patients and Methods

Subjects

Subjects were older Catholic priests, nuns, and brothers enrolled in the Religious Orders
Study, a longitudinal clinical-pathologic study of aging and dementia, from more than 40
groups across the United States. The study was approved by the Institutional Review Board
of Rush University Medical Center. All subjects agreed to annual clinical evaluations and
brain donation at time of death, and signed an informed consent and anatomical gift act
donating their brain to Rush researchers.

There were 1,135 persons enrolled in the Religious Orders Study between January 1994 and
December 2009 who had a baseline clinical evaluation. The study follow-up rate is 94%,
with up to 15 years of annual follow-up. Over the course of the study, 500 persons died, 468
of whom underwent a brain autopsy (94% autopsy rate). Analyses for this study were
conducted on the first consecutive 404 persons on whom neuropathological data were
available.

Clinical Evaluations

Clinical evaluations followed procedures recommended by the Consortium to Establish a
Registry for Alzheimer's Disease,!3 and have been previously described in detail
elsewhere.'4 Each subject underwent a baseline uniform structured clinical evaluation,
which included a medical history, neuropsychological testing (see below), and a
neurological examination. Annual follow-up clinical evaluations were identical to the
baseline evaluation in all essential details, and were performed by examiners blinded to
previously collected data. Data were collected on laptop computers with forms programmed
in a Pascal-based entry program.

Cognitive function was evaluated at baseline and each follow-up evaluation using a
standardized battery of neuropsychological tests that were selected to assess a broad range of
abilities commonly affected in aging, as reported previously.!4~1¢ All neuropsychological
data were reviewed by a neuropsychologist blinded to previously collected data. The Mini-
Mental State Examination!” was used for descriptive purposes. Nineteen neuropsychological
tests were used to form composite measures of 5 separate cognitive domains and global
cognition. Episodic memory was based on 7 tests, semantic memory on 4 tests, working
memory on 4 tests, perceptual speed on 2 tests, and visuospatial ability on 2 tests, as
previously described.!* The global cognition measure was based on all 19
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neuropsychological tests.!4 Valid measures required scores on at least half the components
of the tests. Composite measures were derived by converting the raw scores of individual
tests to z scores, using the mean and standard deviation from the baseline evaluation of all
participants, and averaging the z scores. Composite measures of cognition allow for
decreased floor and ceiling artifacts and other sources of measurement error, and these
measures have been used in numerous studies in this and other cohorts,16-18.19

Identification of dementia was based on the recommendation of the Joint Working Group of
the National Institute of Neurological and Communicative Disorders and Stroke and the
Alzheimer's Disease and Related Disorders Association,?? and determined by clinicians
experienced in diseases of aging, after review of all available clinical data from that year. At
time of death, a board-certified neurologist, blinded to pathologic data, reviewed all clinical
information to render a classification of dementia status proximate-to-death.

Autopsy and Neuropathologic Measures

Brain autopsies were performed blinded to clinical data and using standard techniques, as
previously described.?!"22 The mean postmortem interval was 8.2 hours. After obtaining a
total brain weight, brains were placed in a Plexiglas jig and hemispheres were cut coronally
into 1-cm slabs. Slabs not designated for freezing were fixed in 4% paraformaldehyde. A
uniform examination for cerebral infarcts was conducted by examiners blinded to all clinical
data. The age, size, and location of all cerebral infarcts visible to the naked eye were
recorded, as previously reported.2? For these analyses, we dichotomized chronic
macroscopic infarcts as present (1 or more infarcts) or absent, as previously reported.2

CAA pathology was assessed in 5 brain regions. The four neocortical regions were
midfrontal (Brodmann area {BA} 46/9), inferior temporal (BA20), angular gyrus (BA39),
and calcarine cortices (BA17), and 1 mesial temporal region, the hippocampus (BA24).
Tissue was dissected from 1-cm-thick paraformaldehyde-fixed slabs from 2 or more blocks
from adjacent slabs from each region, then paraffin-embedded, cut into 20-um sections, and
mounted on glass slides. The presence of CAA was assessed in each region using
immunohistochemical labeling with anti-amyloid-f (Clone 6F/3D, M 0872; DAKO; 1:100).
Positive controls were included in each run. CAA pathology was measured in 5 brain
regions using a 5 point scale (0 through 4), similar to other studies,>® with 0 = none (no
immunohistostaining for CAA), 1 = mild (scattered positivity in either leptomeningeal or
cortical blood vessels), 2 = moderate (strong, circumferential positivity in some but not all
leptomeningeal or cortical blood vessels), 3 = severe (widespread, strong, circumferential
positivity in leptomeningeal and cortical blood vessels), and 4 = very severe (same as 3, but
with additional changes of positivity emanating from vessels into surrounding neuropil), as
illustrated in the Figure.

All brains were examined for pathological markers of AD. A modified Bielschowsky silver
stain was used to visualize pathological markers of AD in separate cortical regions, as
previously described.?2 Briefly fixed tissue from the midfrontal, middle, or superior
temporal, inferior parietal, and entorhinal cortex were dissected, paraffin embedded, and cut
into 6-um sections, which were then mounted on glass slides. After silver staining, a board-
certified neuropathologist or trained technician counted neuritic plaques, diffuse plaques,
and neurofibrillary tangles in the area with the greatest density of each marker, using a
graticule in a 1-mm? area (x100 magnification) in each region. Neuritic plaque, diffuse
plaque, and neurofibrillary tangle counts were then standardized separately in each of the 4
cortical regions, by dividing the raw score by the standard deviation of the mean raw count
of that marker from that region from the entire deceased cohort, and averaged across the 4
regions to create summary scores of the 3 markers for each subject. A summary measure of
global AD pathology was created, by averaging the summary scores of neuritic plaques,
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diffuse plaques, and neurofibrillary tangles for each subject (average score = 0.6, range 0—
2.7,SD =0.5).2!

Because neocortical Lewy bodies are also a significant cause of cognitive impairment in
older persons, 6-um sections of cortex and substantia nigra were also evaluated using o-
synuclein immunohistochemistry (Zymed, 1:100) to delineate the presence of Lewy body
pathology.2? We required Lewy bodies in the midfrontal, middle temporal, or inferior
parietal cortex for a diagnosis of neocortical Lewy body disease similar to established
guidelines.?*

Statistical Analysis

We used Spearman rank correlation coefficients to examine the inter-relations of the 5 brain
region CAA severity scores. Because severity was related across regions (rg range from 0.36
to 0.91, and all p < 0.0001), we averaged the 5 regional scores to create an overall CAA
severity score. Because almost all persons had some CAA (84.9%), mostly mild-to-
moderate disease (Table 1), and in order to make analyses easier to interpret, the overall
CAA severity score was converted into a 3-level class variable predictor. We used an overall
severity score of > 2.5 to separate persons with mild-to-moderate from moderate-to-very
severe CAA, with the reference group consisting of persons with no-to-minimal CAA,
defined by a score of <0.5. Similarly, to create the neocortical measure of CAA we averaged
the 4 neocortical regional scores and converted the mean score to a 3-level class variable
using the same mean cutoff points. The cutoff levels chosen for the CAA variables were
based on the distribution of CAA and ease of interpretation of CAA severity, without
consideration of cognitive outcomes and before any analyses were conducted. We also
performed intra-rater and inter-rater reliability studies for the CAA scoring system. The
original rater repeated 12 cases selected to represent the 3 strata of CAA. A second rater also
rated these 12 cases. The intra-rater variability was 5.4% of the variation between cases and
the variation between raters was 5.7% of the variation between cases.

We examined clinical differences proximate-to-death among those with and without
dementia, using chi square tests for categorical variables and nonpaired ¢ tests for continuous
variables. We then examined the association of CAA with demographic and neuropathologic
variables using Spearman correlations.

We used regression analyses to examine the effect of CAA severity on cognitive domains.
All analyses were adjusted for age-at-death, sex, and education. Models also adjusted for 3
additional terms of common neuropathology known to be associated with cognitive
impairment, including AD pathology, macroscopic cerebral infarcts, and neocortical Lewy
bodies. AD pathology is related to CAA and cognition and represents an important possible
confounder that needs to be considered in analyses and interpretation of the role of CAA and
cognition. Though macroscopic cerebral infarcts were not related to CAA (see Results),
given their potential role in CAA and known association with cognition, we also included a
term controlling for infarcts. Because neocortical Lewy bodies were associated with CAA in
univariate analyses, and are related to cognitive impairment, this was also included as a
covariate in analyses.

In primary analyses using adjusted linear regressions, we examined the association of CAA
with cognition proximate-to-death, considering each of the 5 cognitive domain and global
cognition scores separately. To examine for potential regional effects of CAA on cognition,
we also replaced the CAA variables with neocortical CAA and, separately, hippocampal
CAA.
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Finally, because we were interested in whether the associations differed in persons with and
without dementia, we conducted additional analyses with an interaction term of CAA with
dementia.

Analyses were carried out using SAS/STAT software version 9.2 (SAS Institute Inc, Cary,
NC) on a SunUltraSparc (Sun Microsystems Inc, Santa Clara, CA) workstation. Model
assumptions were evaluated graphically and analytically and were judged to be adequately
met.?

Clinical and Neuropathologic Characteristics

Of the 404 persons included in the analyses, 45% had dementia and 55% did not (see Table
1). The mean time interval between the last clinical evaluation and death was 6.7 months.
Compared to those without dementia, subjects with dementia were older, more likely to have
a lower MMSE score, and more pathology, including AD pathology, cerebral infarcts,
neocortical Lewy bodies, and CAA (all p < 0.01).

Summary of CAA Data

CAA was present in almost all persons with dementia and the majority of those without
dementia (see Table 1). Severity scores across region were related (ry range from 0.36 to
0.91, and all p < 0.0001). Examining severity by brain region, we found that moderate-to-
very severe CAA was present most commonly in the calcarine cortex, and least commonly
in the hippocampus (Table 2). Using the class variable, about a quarter of the cohort had no-
to-minimal CAA (severity score < 0.5), over half had mild-to-moderate CAA (severity score
0.5-2.5), and about one-fifth of the total group had moderate -to-very severe CAA (severity
score > 2.5) (see Table 1). The overall CAA severity score was associated with age (rg =
0.25, p < 0.001) and female sex (rg = 0.16, p = 0.002) but not education (p = 0.560). CAA
was strongly associated with AD pathology (rg = 0.68, p < 0.001), was also associated with
neocortical Lewy bodies (rg = 0.127, p = 0.011), but not cerebral infarct (p = 0.112).

CAA and Coghnition

We examined associations of CAA severity with cognitive domains and global cognition,
separate from of AD pathology, using a series of adjusted linear regression models. All
models adjusted for age-at-death, sex, and education. To minimize potential confounding by
other common neuropathologies all regression analyses also had terms for AD pathology,
cerebral infarct, and neocortical Lewy bodies.

We found that moderate-to-very severe CAA was associated with lower levels of perceptual
speed and episodic memory, but not semantic memory, working memory, or visuospatial
skills, or global cognition (Table 3). Specifically, compared to subjects with no-to-minimal
CAA, those with moderate-to-very severe CAA had a 0.50-unit (SE = 0.20, p = 0.012) lower
score on perceptual speed. This effect was equivalent to approximately 10 years of age
(estimate = —0.05, SE = 0.01, p <0.001), and more than the effect observed for 1 unit of AD
pathology (estimate = —0.37, SE = 0.12, p = 0.002; average AD pathology in person with
dementia = 0.8 unit). Compared to subjects with no-to-minimal CAA, those with moderate-
to-very severe CAA had a 0.46-unit (SE = 0.23, p = 0.047) lower score on episodic memory,
approximately equivalent to 12 years of age (estimate = —0.03, SE = 0.01, p < 0.001) and
half the effect of 1 unit of AD pathology (estimate = —1.06, SE = 0.14, p < 0.001). No
associations were found of mild-to-moderate CAA with any of the cognitive domains (all p
> 0.05) or global cognition (p = 0.939).
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To further examine the role of CAA in cognition separately from AD pathology, we
conducted analyses to determine whether the relationship between CAA and cognitive
domains differed among those with differing levels of AD pathology. Using regression
analyses as previously described, we added interaction terms for CAA and AD pathology,
and no interactions were found (all p > 0.109), suggesting the relationship between CAA
and cognitive domains is not modified by AD pathology.

Because CAA severity in neocortical and limbic regions may be differentially related to
cognitive impairment, we also examined whether neocortical CAA severity or, separately,
hippocampal CAA severity, were associated with perceptual speed or episodic memory. The
neocortical CAA severity score (average of CAA severity scores in the 4 neocortical
regions) was 1.5 (SD = 1.3). In analyses adjusted for clinical (age-at-death, sex, and
education) and pathologic variables (AD pathology, Lewy bodies, and infarcts), moderate-
to-very severe neocortical CAA was associated with a lower level of perceptual speed
(estimate = —0.41, SE = 0.19, p = 0.033), but not episodic memory (p = 0.116). There were
no associations of mild-to-moderate neocortical CAA with perceptual speed (p = 0.209) or
episodic memory (p = 0.375). We conducted similar analyses with the hippocampal CAA
severity score (score = 0.8, SD = 1.3), and did not find associations of hippocampal CAA
with perceptual speed (p = 0.300) or episodic memory (p = 0.592).

CAA, Cognition, and Dementia

Because the effect of CAA on cognition may vary by dementia status, we conducted
additional linear regression analyses with terms for dementia. Controlling for dementia did
not change the observed association of moderate-to-very severe CAA with perceptual speed
(estimate = —0.46, SE = 0.16, p = 0.005) or episodic memory (estimate = —0.40, SE = 0.17,
p =0.018). In a separate analysis, there was no evidence for interactions of CAA with
dementia (p = 0.126 for perceptual speed and p = 0.138 for episodic memory), suggesting
that the associations of CAA with perceptual speed and episodic memory do not differ
among those with and without dementia.

Discussion

In this clinical-pathologic study of more than 400 community-dwelling, older persons, we
found that CAA was very common in persons with and without dementia and has a strong
association with AD pathology. After accounting for AD pathology, we found that
moderate-to-very severe CAA was specifically associated with lower levels of perceptual
speed and to a lesser extent with episodic memory. The effects of CAA on perceptual speed
and episodic memory did not differ among those with or without dementia, or in those with
differing levels of AD pathology.

Similar to AD pathology, CAA is very common in the aging brains, yet reports vary on the
exact frequency of CAA pathology in older persons. High frequencies have generally been
found in the larger published clinic-based autopsy series (of about 100 persons), with CAA
found in 83% of persons with pathologically-confirmed AD,2 and 64% to 68% of those with
and without dementia.! 126 Previous population-based autopsy studies have report a
relatively lower frequency of CAA. Two studies, of which 1 was in men only and the other
was in persons with an average age of 97 years, reported a frequency of CAA of just under
50%.1027 Another study that assessed for the presence of severe CAA specifically, reported
its presence in 21% of older persons.28 In our study, which included community-dwelling
persons with and without dementia, we found that CAA pathology is very common (85%),
and present in almost all those with dementia (94%) and in most of those without (77%);
however, only about 1/5 had moderate-to-very severe disease, in keeping with a previous
report.28 Cohort and study design differences may account for discrepancies in the reported
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frequency of CAA pathology. In particular, differences in assessment of CAA, such as
methodology used to detect CAA (Congo red stain?’ vs immunohistochemistry), staging,'0
and determination of cutoff values for identification CAA (severe stage23 vs other) may
account for some of the differences. We examined multiple sections of brain with specific
antibodies to beta-amyloid. Amyloid found in any meningeal or cortical vessel was
considered evidence of CAA. Similar to other studies, we found that CAA is typically of
mild-to-moderate severity and most severe in the calcarine cortex, with increased severity in
persons with dementia (and consequently AD pathology) compared to those without.!-28:29

There is little data on the association of CAA with cognitive domains.? Indeed, we are aware
of only 3 studies that directly examined the relation of CAA pathology to cognition in older
persons with and without dementia.!®-12 In a small clinical-pathologic study, extent of CAA
was associated with the Clinical Dementia Rating scale, but this association was no longer
present when controlling for AD pathology, suggesting that CAA does not have a separate
effect on cognition.!! In a population-based study of about 200 persons, CAA was reported
to be associated with cognition, but information regarding specific cognitive measures and
covariates were not provided.!2 In a third study, also population-based and of a similar size
but in men only, authors found that the association of CAA with cognition was present only
in a subgroup of men with dementia.'? Findings were unchanged when controlling for AD
pathology and other variables. Our study extends the understanding of the relation of CAA
to cognitive domains in aging. We find that CAA is associated most strongly with perceptual
speed and to a lesser extent with episodic memory, even after accounting for AD pathology.
Discrepant findings in previous studies may be related to the lack of consideration of AD
pathology as a covariate, and the differential effects of CAA on different cognitive domains.

Because AD pathology is associated with lower cognitive function and CAA is associated
with AD pathology,? AD pathology represents an important possible confounder. Several
findings increase confidence that our findings, particularly the association of CAA with
perceptual speed, are separate from that of AD pathology. First we controlled for AD
pathology using a construct that enabled us to control for all levels of pathology, from
minimal to severe. Second, the effect of AD pathology is strongest for episodic memory
whereas our main finding was that CAA was related to lowered perceptual speed with a
lesser effect on episodic memory. This differs from what is seen with AD pathology, which
preferentially effects episodic memory. This suggests that the relation between CAA and
cognitive domains is not solely a proxy for more severe AD pathology. Third, in some
specific forms of CAA, such as the relatively uncommon hereditary forms, cognitive effects
of CAA appear to be independent of AD pathology.3! Finally, we found that the magnitude
of the association between moderate-to-very severe CAA and cognitive systems is clinically
meaningful. For example, the association of CAA with the lowering of perceptual speed is
comparable to that of 0.5 unit of AD pathology (on average persons with dementia have
about 0.8 units of AD pathology) and to about 10 years of age. Overall, these factors support
a separate and important association between CAA and specific cognitive domains. Further
study will be important to confirm the specificity of these relationships between CAA and
different cognitive domains.32

There are several potential mechanisms whereby CAA may lead to impaired perceptual
speed and episodic memory, including diffuse brain microbleeds, microinfarcts, and white
matter hypoxia. Brain microbleeds, which are common and increasingly recognized with
advances in neuroimaging, have been related to both CAA and cognition.33-34 CAA may
also be related to microinfarcts3 and white matter changes and degeneration.3® White
matter hyperintensities on MRI have been associated with decreased perfusion in persons
with CAA,37 and an extensive body of literature supports the link of white matter
abnormalities with impaired cognition.3-40 Indeed, these and other tissue related injury may
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be an important factor in the development of cognitive impairment in persons with CAA.
Other neurobiologic mechanisms linking CAA to cognition may include inflammation,*1-42
oxidative stress, tissue microstructural changes,43 and others.** Further studies are needed to
help elucidate the role of these and other factors in the relation of CAA with cognition.

Some literature suggests that executive function, such as perceptual speed, declines with
advancing age.* It is interesting to note that in our study, CAA affects perceptual speed in
persons both with and without dementia. Thus, CAA may be a factor in some of the
common cognitive changes noted in older persons without dementia.

There are limitations to this study. First, we did not have data on the tissue effects of the
pathology (eg, microhemorrhage, scarring, and inflammation). Persons with CAA and tissue
damage may be particularly susceptible to cognitive impairment. Second, although
homogeneity of the cohort may control for a variety of factors and provides internal validity
to the study, subjects in this study have a unique lifestyle and findings may not be
generalizable to the population. Results will need to be replicated in more diverse cohorts
representative of the general population.

Confidence in these findings is strengthened by several factors. We used neuropathologic
data collected blinded to clinical data, and assessed CAA in multiple regions according to a
previously published method. Next, we accounted for important potential confounders in the
relation of CAA to cognition, including AD pathology. Further, we summarized detailed
neuropsychological data proximate-to-death to yield quantitative data on the different
cognitive domains. Finally, the study has a very high follow-up and autopsy rate, which
contributes to internal validity. Overall, these data support a separate role for CAA in the
lowering of function in specific cognitive domains in older persons with and without
dementia.
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D

Figure.

Immunostaining of CAA showing increasing severity of CAA. All panels are shown in
original magnification x200. (A) Mild severity (grade 1) showing incomplete
circumferential staining of leptomeningeal blood vessels in a case with sparse positivity. (B)
Moderate severity (grade 2) showing strong circumferential staining of leptomeningeal
blood vessels. (C) Severe (grade 3) with multiple blood vessels with strong circumferential
staining in a case with widespread positivity. (D) Very severe (grade 4) with amyloid
positivity emanating from the blood vessels into surrounding neuropil, in a case with
widespread circumferential staining. CAA = cerebral amyloid angiopathy.
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Table 1

Clinical and Pathologic Characteristics of Cohort

Dementia (n = 181)

No Dementia (n = 223)

Total (n = 404)

Age at death, yr 88.9 (6.5) 84.5 (6.8) 86.5 (7.0)
Male sex, n (%) 65 (35.9%) 98 (44.0%) 163 (40.4%)
Education, yr 17.6 (3.3) 18.2(3.7) 17.9 (3.5)
MMSE score proximate-to-death 14.0 (8.6) 27.3(3.1) 21.4 (9.0)
AD pathology score 0.8 (0.6) 0.4 (0.4) 0.6 (0.5)
Cerebral infarct present, n (%) 84 (46.4%) 62 (27.8%) 146 (36.1%)
Neocortical Lewy bodies present, n (%) 33 (18.2%) 6 (2.7%) 39 (9.7%)

CAA present, n (%)%

170 (93.9%)

173 (77.8%)

343 (84.9%)

No-to-minimal CAA, n (%)?

20 (11.1%)

74 (33.2%)

94 (23.3%)

Mild-to-moderate CAA, n (%)?

114 (63.3%)

119 (53.4%)

233 (57.8%)

Moderate-to-very severe CAA, n (%)b

46 (25.6%)

30 (13.4%)

76 (18.9%)

Values are mean (SD) unless otherwise indicated.

a . . . .
CAA severity score of 1 or more in any of the 5 brain regions.

CAA pathology was measured in 5 brain regions using a 5-point scale (0—4), with 0 = none (no immunohistostaining for CAA), 1 = mild
(scattered positivity in either leptomeningeal or cortical blood vessels), 2 = moderate (strong, circumferential positivity in some but not all

Page 13

leptomeningeal or cortical blood vessels), 3 = severe (widespread, strong, circumferential positivity in leptomeningeal and cortical blood vessels),

and 4 = very severe (same as 3, but with additional changes of positivity emanating from vessels into surrounding neuropil).

AD = Alzheimer disease; CAA = cerebral amyloid angiopathy; MMSE = mini-mental state examination; SD = standard deviation.
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Number (%) of Persons with Moderate-to-Very Severe CAA by Region

Table 2

Dementia No Dementia Total
Hippocampus 24 (16.0%) 17 (9.5%) 41 (12.5%)
Mid-frontal cortex 52(29.1%) 33 (14.9%) 85 (21.2%)

Inferior temporal cortex 49 (30.2%)

30 (15.4%)

79 (22.1%)

Angular gyrus cortex 46 (26.3%)

37 (17.0%)

83 (21.2%)

Calcarine cortex 70 (39.6%)

52 (23.9%)

122 (31.0%)

CAA — cerebral amyloid angiopathy.

Ann Neurol. Author manuscript; available in PMC 2012 February 1.

Page 14



1duosnuely Joyiny Vd-HIN 1duosnuey Joyiny Vd-HIN

1duosnuep Joyiny Vd-HIN

Arvanitakis et al. Page 15

Table 3
Relation of Moderate-to-Very Severe CAA to Five Cognitive Domains and Global
Cognition
Cognitive Score Estimate? (SE), p
Perceptual speed —0.50 (0.20), 0.012
Episodic memory —-0.46 (0.23), 0.047
Semantic memory —-0.21 (0.22), 0.340

Working memory 0.03 (0.16), 0.865

Visuospatial abilities —0.27 (0.17), 0.102

Global cognition —-0.35 (0.19), 0.066

Model terms include CAA class variable predictors for moderate-to-very severe CAA (shown), mild-to-moderate CAA, and terms adjusting for
age-at-death, sex, education, AD pathology, cerebral infarcts, and Lewy bodies.

@B Coefficient.

AD = Alzheimer disease; CAA = cerebral amyloid angiopathy; SE = standard error.
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