Lisa L. Barnes, PhD

Sue Leurgans, PhD
Neelum T. Aggarwal, MD
Raj C. Shah, MD

Zoe Arvanitakis, MD
Bryan D. James, PhD
Aron S. Buchman, MD
David A. Bennett, MD
Julie A. Schneider, MD

Correspondence to
Dr. Barnes:
Ibarnes1@rush.edu

528

Mixed pathology is more likely in black

than white decedents with Alzheimer
dementia

ABSTRACT

Objective: To compare the burden of neuropathology in black and white participants with clinical
Alzheimer disease (AD).

Methods: Participants included 122 persons enrolled in the Rush Alzheimer’'s Disease Clinical
Core, a prospective cohort study of AD. Forty-one black decedents were matched two-to-one to
81 white decedents according to age at death, sex, years of education, and cognition proximate
to death. We examined common brain pathologies related to dementia (AD, Lewy body, and mac-
roscopic and microinfarct pathology) and arteriolar sclerosis and atherosclerosis. We calculated
the frequency of each dementia pathology both alone and in combination (mixed pathologies).
Racial differences in the odds of a single pathology vs mixed pathologies, and in the odds of vessel
disease and its severity, were examined using logistic regression analyses.

Results: AD pathology was confirmed in >93% of both black and white decedents with AD
dementia. However, black decedents were less likely to have Alzheimer pathology as a single
dementia pathology than white decedents (19.5% vs 42.0%), and were more likely to have AD
mixed with an additional pathology (70.7% vs 50.6%), particularly Alzheimer pathology and
Lewy bodies, and Alzheimer pathology, Lewy bodies, and infarcts. Black decedents also had more
severe arteriolar sclerosis and atherosclerosis.

Conclusion: Black decedents with AD dementia are more likely to have mixed brain pathologies
compared with age-, sex-, education-, and cognition-matched white decedents with AD
dementia. Neurology® 2015;85:528-534

GLOSSARY

AD = Alzheimer disease; CERAD = Consortium to Establish a Registry for Alzheimer’s Disease; MMSE = Mini-Mental State
Examination; OR = odds ratio; PMI = postmortem interval.

Alzheimer disease (AD) dementia, a devastating and common neurodegenerative disease, is a
leading cause of disability in our aging society. It is increasingly recognized that the underlying
pathologic basis of AD dementia is heterogeneous and frequently mixed. Many cases of AD
dementia demonstrate an underlying AD pathology, yet other dementia-related pathologies
including Lewy bodies and infarcts frequently coexist with AD pathology and add to the like-
lihood of clinically symptomatic AD."*

Knowledge about the neuropathologic basis of AD dementia has been based almost exclu-
sively on autopsy studies of white persons. There is a dearth of neuropathologic information
available in older black persons with AD dementia despite the fact that they may have a higher
prevalence and incidence of AD dementia than white persons,>* as well as a disproportionate
burden of vascular disease.® In the current study, we tested the hypothesis that mixed pathol-
ogies, in particular AD pathology and infarcts, are more common in black than white partic-
ipants with AD dementia.

METHODS Participants. Participants included 122 deceased persons with AD dementia from the Rush Alzheimer’s Disease

Clinical Core’: 41 consecutive autopsied black decedents matched to 81 white decedents. All participants were evaluated for possible

dementia at either the Rush Memory Clinic or a neighboring memory assessment clinic at a county hospital in the Illinois Medical
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District. At the initial evaluation, the patient and caregiver were
presented with study information, which required that the person
be community-dwelling and live within the Chicago area. Those
who expressed interest were enrolled and signed informed
consent at the first visit. Eligibility for inclusion in the present
analysis required a clinical diagnosis of probable or possible
dementia due to AD, using criteria of the joint working group of
the National Institute of Neurological and Communicative
Disorders and Stroke—Alzheimer’s Disease and Related Disorders
Association.® Through July 25, 2014, 573 participants agreed to
autopsy and 487 received an autopsy. Of those, 42 were black and
had dementia, and complete neuropathologic data were available
on AD pathology, Lewy body pathology, and macroscopic and
microinfarcts. One black participant was excluded from the
analysis because there was no final clinical diagnosis of possible or
probable AD. A sample size of 41 black participants remained.
Black decedents were matched to white decedents on age, sex,
education, and Mini-Mental State Examination (MMSE) with a
goal of 2 white participants to every 1 black participant. For 1 black
participant, only 1 white participant had the same age, education,
and cognition combination. Thus, the final sample size for white
participants was 81 persons with possible or probable AD

dementia.

Standard protocol approvals, registrations, and patient
consents. Written informed consent was obtained from the par-
ticipant or from a legally authorized representative. The study was
approved by the Institutional Review Board of Rush University
Medical Center. Following death, a legal representative or next

of kin provided consent for the autopsy as previously described.’

Clinical assessment. Clinical evaluations were uniform and
structured and included procedures used by the Consortium to
Establish a Registry for Alzheimer’s Disease (CERAD),'? as pre-
viously reported.”? Briefly, the evaluation included a medical
history, neurologic examination, cognitive function testing, a
brief psychiatric evaluation, and an interview with a knowledge-
able informant. After death, a neurologist, blinded to the neuro-
pathologic findings, reviewed all of the available clinical data, and

rendered a summary diagnostic opinion.

Neuropathologic evaluation. Brains were removed and
weighed in a standard fashion, and the brainstem and cerebellum
were removed.'" The hemispheres were cut coronally into 1-cm
slabs in a Plexiglas jig. All fresh slabs were photographed and
examined for visible pathology. One hemisphere (without visu-
alized pathology) was frozen. The other hemisphere and slabs
with visible pathology were fixed for at least 3 days in 4% para-
formaldehyde. A macroscopic review (including assessment of
macroscopic infarcts) was subsequently conducted and diagnostic
blocks (midfrontal, middle temporal, inferior parietal, anterior
cingulate, entorhinal cortex, hippocampus, basal ganglia, thala-
mus, and midbrain with substantia nigra) were dissected. Blocks
were then embedded in paraffin, cut into 6-pwm sections, and

mounted on glass slides.”

Pathologic diagnoses. Board-certified neuropathologists
blinded to age, race, and clinical data diagnosed 3 age- and
dementia-related brain pathologies: AD pathology, Lewy bodies,
and chronic infarcts (macroscopic and microscopic). Severity of
arteriolar sclerosis and atherosclerosis was also graded. For the
pathologic diagnosis of AD, Bielschowsky silver stain was used to
visualize neuritic plaques and neurofibrillary tangles in the
frontal, temporal, parietal, entorhinal, and hippocampal cortices,
as previously described.” A neuropathologic diagnosis of no AD,
low likelihood AD, intermediate likelihood AD, or high likelihood

AD was rendered based on semiquantitative estimates of neuritic
plaque density (CERAD and Braak score).'*" A final pathologic
diagnosis of AD required either intermediate or high likelihood AD
by National Institute on Aging—Reagan criteria, and at least
moderate neuritic plaques in neocortical regions and minimum
of Braak II-IV  (limbic stage tangles). o-Synudclein
immunohistochemistry (Zymed, 1:100; or Wako #015-25191;
1:20,000) was used to detect Lewy bodies in the substantia nigra,
entorhinal, cingulate, midfrontal, middle temporal, and inferior
parietal cortex.” All suspected gross infarcts were blocked and
microscopically examined for confirmation. For chronic
microscopic infarcts, we examined a minimum of 6 cortical

and 1
(midfrontal, middle temporal, inferior parietal, anterior cingulate,

regions, 2 subcortical regions, brainstem  region
entorhinal cortex, hippocampus, basal ganglia, thalamus, and
midbrain with substantia nigra), and they were then summarized
as present or absent. Microscopic infarcts were labeled as chronic,
cavitated, or incomplete, with few remaining macrophages or
fibrillary gliosis.

Finally, arteriolar sclerosis was graded subjectively on a semi-
quantitative scale, and based on concentric hyalinized thickening
(with consequent narrowing of the lumen) of the walls of small
arterioles in anterior basal ganglia. Thickening with less than dou-
ble wall thickness was considered mild; double wall thickness was
moderate; and over double the thickness was considered severe.
The degree of atherosclerosis of the circle of Willis vessels was also
recorded on a semiquantitative scale consisting of the following
categories: none (0), mild (1), moderate (2), and severe (3), as

previously described.'*

Statistical analysis. Descriptive statistical analyses were con-
ducted to characterize differences between black and white dece-
dents on postmortem interval (PMI) and clinical interval
(number of months between last clinical examination and death).
Extent of arteriolar sclerosis and atherosclerosis was compared via
Mann-Whitney nonparametric tests. Next, we calculated the
frequency of each dementia pathology both alone and in
combination (mixed pathologies). Finally, the effect of being
black on the different pathologic markers is presented as an
odds ratio (OR), the ratio of the odds of the finding in black
participants to the odds for white participants. Similar analyses
and

atherosclerosis. The distributions of other findings among those

were separately conducted for arteriolar sclerosis

with AD dementia were compared via Fisher exact test.

Statistical significance was set at o = 0.05.

RESULTS The average age at death was approxi-
mately 80 years. Participants had an average educa-
tional level of 12 years, and 71% were female.
Demographic characteristics are listed in table 1.
There were no racial differences in clinical intervals
(p = 0.14), but black decedents had a significantly
longer PMI than white decedents (p < 0.01).
Overall, more than 93% of both black and white
decedents had one or more of the major dementia
neuropathologies under investigation; only 5% (2
black and 5 white participants) had no AD, Lewy
body, or infarct pathology to account for dementia.
The pathologic diagnosis for dementia in the 2 black
participants was hippocampal sclerosis, and the other
was diffuse leukoencephalopathy with neuronal axo-
nal spheroids. Three of the white participants had
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[ Table 1 Characteristics of 122 participants ]
Black (n = 41) White (n = 81)

Age at death 79.7 (9.1) 79.6 (9.1)

Female sex, n (%) 29 (70.7) 58 (71.6)
Education, y 12.4 (3.8) 12.3 (3.6)

MMSE, last evaluation 7.1 (8.0) 8.0 (8.4)
Postmortem interval, h 14.0 (16.7) 8.7 (11.9)
Clinical interval, mo 23.1 (23.8) 27.9 (22.2)

Abbreviation: MMSE = Mini-Mental State Examination.
Values are mean (SD) unless otherwise specified; black and white decedents matched on
age, sex, and education a priori.

frontal temporal lobar degeneration, and the other 2
had a nonspecific pathologic diagnosis (1 with AD
pathology not sufficient for AD diagnosis and the
other with severe nigral degeneration and mild AD
pathology not sufficient for a pathologic diagnosis
of AD). As shown in table 2, AD was pathologically
confirmed, with or without another contributing
pathology, in the majority of both black and white
decedents. For black participants, the next most com-
mon pathology was Lewy bodies (with or without
another contributing pathology), which was more
than twice as common as in white decedents. Chronic
macroscopic and microscopic infarcts were also more
common among black than white decedents, with
macroscopic infarcts being more common than
microscopic infarcts.

[ Table 2 Pattern of pathology in black and white decedents ]
Pathology, n (%) Black (n = 41) White (n = 81)
No AD, LB, or infarct 2(4.9) 5 (6.6)

Any pathology 39 (95.1) 76 (93.8)
AD 37(90.2) 75 (92.6)
LB 24 (58.5) 22 (27.2)
Infarct® 18 (43.9) 22(27.2)
Macroscopic infarct 13 (31.7) 16 (19.8)
Microscopic infarct 9 (22.0) 15 (18.5)

Single pathology 10 (24.3) 35(43.2)
AD alone 8(19.5) 34 (42.0)
LB alone 0 0
Infarct alone® 2(4.9) 1(1.2)

Mixed pathology 29 (70.7) 41 (50.6)
AD + LB 13(31.7) 20 (24.7)
AD + infarct 5(12.2) 19 (23.5)
LB + infarct 0 0
AD + LB + infarct 11 (26.8) 2(2.5)

Abbreviations: AD = Alzheimer disease; LB = Lewy bodies.
?Includes either macroscopic infarcts or microscopic infarcts.
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Examination of single pathologies (alone with no
additional contributing pathology) revealed different
patterns by race. White participants were almost
twice as likely as black participants to have a single
pathology. In both black and white decedents, the
most common single pathology was AD pathology.
No decedent had Lewy bodies without coexisting
AD pathology. Chronic infarcts (either macroscopic
or microscopic) as a single pathology underlying a
clinical diagnosis of AD was also rare in both racial
groups.

Although mixed pathologies were common in
both black and white decedents, patterns differed
by race. Overall, black participants were more likely
to have mixed pathologies compared with white par-
ticipants (70.7% vs 50.6%). The most common
mixed pathology for black participants was Alzheimer
pathology with Lewy bodies, followed closely by
Alzheimer pathology with both Lewy bodies and in-
farcts. By contrast, about half of the white partici-
pants with mixed pathology had AD and infarcts
with the other half having AD and Lewy body pathol-
ogy. Both black and white decedents with mixed
pathology had a similar percentage of cases with AD
and infarcts (with or without Lewy bodies). On the
other hand, black participants were much more likely
to have all 3 pathologies compared to white partici-
pants (table 2). No one in either group had Lewy
bodies with infarcts without Alzheimer pathology
(figure).

The severity of arteriolar sclerosis was greater in
black than white decedents (p = 0.0032, Mann-
Whitney with correction for ties). Of those with
assessments of arteriolar sclerosis, 80.6% of black de-
cedents were rated as mild to severe compared with
only 38.7% of white decedents (table 3). The severity
of atherosclerosis was also greater in black participants
than white participants (p < 0.01). Black decedents
were more likely to have ratings of mild to severe
(74%) than were white participants (46%) (table 3).

Next, we obtained the ratio of the odds of each
individual pathology and any of the mixed patholo-
gies in black relative to white participants. Because
black and white decedents were matched on age, edu-
cation, sex, and MMSE, models were conducted
without adjustments. We first fit separate models
with each pathology as the outcome variable. We
then fit a model with mixed pathology (any 2 or more
of the individual pathologies) as the outcome variable.
Finally, we fit a model with arteriolar sclerosis as an
ordinal outcome variable (mild-moderate vs moderate
and severe), and another model with atherosclerosis as
the outcome. As shown in table 4, black decedents
were more likely to have Lewy body pathology and
mixed pathology. Though the ORs for macroscopic
and microinfarcts infarcts were greater than one, they



[ Figure Racial differences in mixed pathology ]

African Americans

Caucasians

@ AD

O AD/INF
@ AD/LB
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Pie chart shows proportions of individual and mixed pathologies in black and white dece-
dents with Alzheimer disease (AD) dementia. INF = infarcts; LB = Lewy bodies.

did not reach statistical significance. However, black
decedents had a greater odds of having vessel disease.
They were more likely to have more severe arteriolar
sclerosis as well as more severe atherosclerosis com-
pared with white decedents.

DISCUSSION In this study of patdents with AD
dementia diagnosed in a clinic setting and matched on
demographics and cognition, we examined racial differ-
ences in underlying dementia-related neuropathologies.
AD pathology was confirmed in the majority of both
races; however, mixed pathologies were far more
common in black decedents. However, contrary to
our hypothesis that black decedents would have more
mixed pathology consisting of AD pathology and
infarcts, we found that black decedents with AD
dementia were more likely to have AD mixed with
Lewy body pathology and AD mixed with Lewy
bodies and infarcts compared with white decedents
with dementia.

Previous studies of racial differences in pathology
have been autopsy series from medical examiners in
which premortem status is generally unknown or ex-
tracted from medical records. One such study re-
ported that the frequency of AD and Parkinson

[ Table 3 Severity of arteriolar sclerosis and atherosclerosis by race ]
Arteriolar sclerosis Atherosclerosis

Severity?® Black White Black White

None to mild 7 (19.4) 46 (61.3) 10 (25.6) 44 (54.3)
Mild to moderate 15 (41.7) 8(10.7) 13(33.3) 9(11.1)
Moderate 11 (30.6) 15 (20.0) 14 (35.9) 26 (32.1)
Severe to occluded 3(8.3) 6 (8.0) 2(5.1) 2(2.5)
Total persons assessed 36 (100) 75 (100) 39 (100) 81 (100)

2Values represent number of persons and (%) at each stage. Arteriolar sclerosis was not
assessed in 5 black and 6 white participants. Atherosclerosis was not assessed in 2 black

participants.

disease-related pathology was higher in white dece-
dents than black decedents while cerebrovascular dis-
case pathology was more frequent in black
decedents.”” Three other autopsy series reported no
racial differences in the frequency of AD pathol-
ogy.'"® To our knowledge, only one previous study
of well-characterized black and white decedents
directly compared underlying pathologies in persons
who died with AD dementia. That study also found
no differences in AD pathology between black and
white decedents, but with only 10 black decedents
and 10 matched white decedents, and they could not
report on mixed pathologies."’

Previous studies with white decedents have dem-
onstrated that the most common mixed pathology
in AD dementia is AD with infarcts.?>*' We are aware
of only one study of 13 autopsied brains from well-
characterized black participants with a clinical diag-
nosis of AD that reported a wide spectrum of vascular
disease and AD pathology, with more than half hav-
ing a mixture of AD pathology and infarcts.”* Our
results are not entirely consistent with this finding.
We found that the most frequent mixed pathology
among black decedents with AD dementia was AD
with Lewy bodies, followed closely by AD, Lewy bod-
ies, and infarcts. The basis for an increase in Lewy
bodies in black decedents is uncertain. One study in
Brazil examined ancestry and neuropathology in an
admixed sample of 202 brains. While the primary
result was that African ancestry is protective of AD
pathology, there was also a tendency of higher odds of
Lewy body pathology in persons of African ancestry;
however, it did not reach significance and was not a
major focus of the article.”® The high frequency of
Lewy body pathology among black decedents in our
sample may reflect a selection bias for clinic samples.
Lewy body disease, with and without coexisting AD
pathology, is associated more with behavioral abnor-
malities, such as hallucinations and REM sleep behav-
ior disorder, than clinical AD. It is possible that
African Americans are more likely to seek medical
attention for behavioral issues, which are often more

242> than for memory com-

distressing for caregivers,
plaints. In fact, previous studies have noted that
African Americans often do not seek medical atten-
tion for memory complaints, or present at a later stage
of the disease, presumably because of cultural percep-
tions that memory loss is a normal part of aging.?4**%’
Our data do not allow us to evaluate these potential
explanations. Studies of neuropathology in black de-
cedents followed longitudinally and without AD
dementia are needed to determine whether the high
frequency of Lewy bodies among black decedents in
this study is an artifact of a selection bias.
Interestingly, AD mixed with infarcts alone was

not as common in black compared to white

Neurology 85 August 11, 2015 531

© 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



Table 4

Relation of race to odds of pathology in persons with clinical Alzheimer

disease (n = 122)

Pathology

AD pathology

Lewy bodies
Macroscopic infarct
Microscopic infarct
Mixed pathology
Arteriolosclerosis, grade

Atherosclerosis, grade

OR 95% CI p Value
0.7 0.20-2.78 0.656
3.8 1.71-8.35 0.001
1.9 0.80-4.44 0.146
1.2 0.49-3.13 0.653
2.4 1.10-5.20 0.036
3.0 1.41-6.31 0.0043
21 1.03-4.31 0.04

Abbreviations: AD = Alzheimer disease; Cl = confidence interval; OR = odds ratio.
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decedents. Nonetheless, overall mixed pathologies
with infarcts (with or without Lewy bodies) was pre-
sent in about half of both black and white decedents.
These patterns are consistent with a previous clinical-
pathologic study that found mixed pathologies with
infarcts were less common in clinic than community
samples, again suggesting a potential selection bias for
persons presenting to memory disorders clinics.’
Infarcts were common in black decedents with
AD dementia, present in over 40%, compared to
fewer than 30% of white decedents; however, the dif-
ference did not reach statistical significance in
adjusted models. It is interesting to note that while
the proportion of infarcts did not significantly differ
in black vs white participants, black participants
had more severe small and large vessel disease (arteri-
olar sclerosis and atherosclerosis) compared with
white participants. A couple of explanations may
explain this apparent discrepancy. First, given that
vessel disease is commonly associated with the same
risk factors as stroke, namely diabetes and hyperten-
sion, conditions that have consistently been found
to be more prevalent in the black than the white pop-

ulation,?®%°

it is possible that there was insufficient
power, and that larger numbers of subjects are needed
to confirm the difference in frequency of infarcts.
Alternatively, it is also possible that persons with clin-
ical stroke are more likely to be evaluated at a stroke
center than a memory disorder clinic and the discrep-
ancy reflects a selection bias, similar to that proposed
for Lewy body disease. Further study of infarcts in
community-dwelling African Americans is warranted.

Black participants had a significantly longer PMI,
on average about 6 hours, than white participants.
Although difference in PMI did not influence the pat-
terns of pathology observed in this study, the longer
interval for black participants reflects the challenges
in obtaining autopsy in this population. While signif-
icant variability exists among families as far as end-of-
life preferences,™ it is possible that certain traditions
associated with black culture, such as family-centered
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decision-making styles and mistrust of the health care

3132 which is known to be a factor in the lower

system,
rates of organ donation, and the lack of knowledge
regarding organ donation in general among the black
population,® may create barriers to rapid autopsy in
this population. The data from the current study sup-
port the difficulty in obtaining autopsy but also
underscore the dangers in generalizing from studies
in the white population.

The greater burden and differing profile of mixed
pathologies in black participants has far-reaching im-
plications. First, it suggests that response to therapeu-
tic agents targeting AD pathology may be diminished
in African Americans, and underscores the need to
include more African Americans in clinical trials to
ensure that findings are generalizable across race.
Indeed, African Americans have typically been under-
represented in studies of cholinesterase inhibitors.
Second, given that most current therapeutic strategies
focus primarily on the modification of amyloid, a cen-
tral AD pathology, it will be important to develop
new treatments that target other common patholo-
gies, particularly in African Americans, to lessen the
burden of AD dementia. Ultimately, the differing
profiles of mixed pathologies in African Americans
in the clinic may suggest a need for different thera-
peutic regimens in black compared to white partici-
pants. Third, the preventive strategies for AD
dementia should target not only risk factors for amy-
loid and tau, but also risk factors for other common
age-related  pathologies, particularly in African
Americans. Because recommendations for prevention
could differ according to the burden of mixed pathol-
ogies, further clinical-pathologic studies of black par-
ticipants without AD dementia are needed to
determine whether the spectrum and profiles in the
clinic reflect the more general black population.
Finally, in order to better study the profiles, risks,
and impact of mixed pathologies both in the preclin-
ical and clinical phases of disease, it will be important
to generate and confirm biomarkers of both AD and
non-AD pathologies in black participants.

The study has limitations. Participants are from a
clinic and are therefore a select sample that may not
represent the general population with AD dementia,
particularly older African Americans who are less likely
to come to medical attention.”® Although this study is
the largest clinical-pathologic study of racial differences
in mixed pathology of which we are aware, the number
of brains from African Americans was relatively small,
limiting our ability to detect subtle differences in
mixed pathology across race. We did not have meas-
ures of other pathologies like TDP43, which has
recently been shown to coexist with AD pathology.**
We also did not have data on vascular risk

factors, parkinsonism, motor signs, or neuropsychiatric



features, which limits our ability to interpret clinical
correlates of racial differences in the underlying
pathology.

The study also had strengths. We measured the 3
most common pathologies using validated techniques
in both black and white decedents. In addition, black
and white decedents were matched on important
demographic variables that are associated with AD
dementia, race, and pathology, lending confidence
that differences in pathology are not due to the poten-
tially confounding effects of age, sex, education, or
cognition. Finally, participants from both racial
groups had pathology evaluations conducted at the
same center and by neuropathologists who were blind
to race, age, and clinical measures, reducing the
chance of rater differences in counts and measure-
ment of various pathologies.
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