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Abstract
Two population-based studies key to advancing knowledge of

brain aging are the Honolulu-Asia Aging Study (HAAS) and the

Nun Study. Harmonization of their neuropathologic data allows

cross comparison, with findings common to both studies likely gen-

eralizable, while distinct observations may point to aging brain

changes that are dependent on sex, ethnicity, environment, or life-

style factors. Here, we expanded the neuropathologic evaluation of

these 2 studies using revised NIA-Alzheimer’s Association guide-

lines and compared directly the neuropathologic features of resis-

tance and apparent cognitive resilience. There were significant

differences in prevalence of Alzheimer disease neuropathologic

change, small vessel vascular brain injury, and Lewy body disease

between these 2 studies, suggesting that sex, ethnicity, and lifestyle

factors may significantly influence resistance to developing brain in-

jury with age. In contrast, hippocampal sclerosis prevalence was

very similar, but skewed to poorer cognitive performance, suggest-

ing that hippocampal sclerosis could act sequentially with other dis-

eases to impair cognitive function. Strikingly, despite these

observed differences, the proportion of individuals resistant to all 4

diseases of brain or displaying apparent cognitive resilience was vir-

tually identical between HAAS and Nun Study participants. Future

in vivo validation of these results awaits comprehensive biomarkers

of these 4 brain diseases.
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resilience, NIA-AA guidelines, Population-based cohort.

INTRODUCTION
Alzheimer disease (AD) is a common, chronic neurode-

generative disease for which advancing age and inheritance of
the e4 allele of the apolipoprotein E gene (APOE) are the ma-
jor known risk factors. According to recent consensus guide-
lines (1), AD is considered a pathophysiologic process, or set
of processes, characterized by structural changes in brain
including amyloid beta (Ab) deposition, neurofibrillary de-
generation, as evidenced by accumulation of neurofibrillary
tangles (NFTs), and neuritic plaque formation, which together
constitute AD neuropathologic change. This process often,
but not always, culminates in clinical expression of AD
dementia (1).

Multiple research cohorts have been established for
clinico-pathologic correlation of AD. Fewer population-based
cohorts have been established, but these have highlighted 3
important neuropathologic features of the dementia syndrome.
First, the neuropathologic changes of AD uncommonly exist
in isolation in the brains of older individuals, but rather are
more often variably combined, or comorbid, with other lesions
that underlie the dementia syndrome (2–7). Such lesions in-
clude microinfarcts from vascular brain injury (VBI) (8),
Lewy bodies (LBs) observed in a variety of clinical contexts
that are collectively known pathologically as LB disease
(LBD) (9), and hippocampal sclerosis (HS) (10, 11). Second,
the neuropathologic changes of AD, VBI, LBD, and HS are
varyingly latent, meaning that each can be present in individ-
uals who were shown to be cognitively unimpaired proximate
to death (6, 7). Third, the frequency and severity of these neu-
ropathologic changes in cognitively intact older individuals
varies, with some showing a lesion burden considered suffi-
cient evidence for dementia (6, 7, 12–20), a situation com-
monly referred to as apparent cognitive resilience. Together,
these repeated findings highlight 2 important subsets among
those who maintain cognitive function into old age: those
resistant to disease who do not develop neuropathologic
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lesions, and those apparently resilient to the clinical expres-
sion of disease who do develop abundant neuropathologic
lesions but fail to succumb to the expected cognitive impair-
ment. Important gaps in our knowledge concerning such re-
sistance and resilience include the extent to which individ-
uals are resistant to one or more of the diseases that
commonly afflict aging brain, and the extent to which resis-
tance and apparent cognitive resilience may vary with sex,
ethnicity, or lifestyle factors.

Two population-based studies that have been key to ad-
vancing our knowledge of brain aging are the Honolulu-Asia
Aging Study (HAAS) and the Nun Study (17, 18, 21–24). The
HAAS comprises men of Japanese ancestry born on Oahu be-
tween 1900 and 1919, while the Nun Study comprises Roman
Catholic School Sisters of Notre Dame, who were predomi-
nantly Caucasian and born in the United States between 1890
and 1916 (21, 23, 24). Given the broad differences in sex, eth-
nicity, and lifestyle factors—such as education level, diet, and
incidence of smoking (20, 25, 26)—of these 2 groups, we hy-
pothesized that findings common to HAAS and Nun Study
participants are likely generalizable to most people in the US,
while observations distinct to one or the other study may point
to changes in aging brain that are dependent on sex, ethnicity,
environment, or lifestyle factors (20). Recently, we harmo-
nized existing neuropathologic data from these 2 iconic stud-
ies to allow cross comparison (20). Here, we expanded the
neuropathologic evaluation of these 2 studies by applying the
revised NIA-AA neuropathologic guidelines (1), and com-
pared directly the neuropathologic features of the 2 cohorts to
investigate features of resistance and apparent resilience that
are both shared and distinct.

MATERIALS AND METHODS

Cohorts
Standard protocol approvals, registrations, and patient

consents were as previously described by us (20). Briefly, the
Nun Study was reviewed and approved by Universities of
Kentucky and Minnesota institutional review boards (IRBs),
and the HAAS was reviewed and approved by the Kuakini
Hospital IRB. As previously noted (20), autopsy rates were
25% for HAAS participants, while, prior to death, all partici-
pating School Sisters of Notre Dame agreed to autopsy, with
final authorizations provided by the Provincial Leader; an au-
topsy has been completed for 90% of the Nun Study
participants.

Cognitive Assessment
Nun Study primary cognitive testing was done annually

with the Consortium to Establish a Registry for Alzheimer’s
Disease (CERAD) neuropsychological battery (27). HAAS
participants were screened at each examination with the Cog-
nitive Abilities and Screening Instrument (CASI) (28). Scores
were aligned as previously described by us (20).

Neuropathologic Evaluation
We applied the 2012 NIA–AA guidelines to generate

“A” (Ab plaques by Thal stain), “B” (NFTs by Braak stain),
and “C” (neuritic plaques from modified CERAD staining)
scores (1) for each case. “B” and “C” scores were obtained
mostly from previously stained slides. “A” scores were deter-
mined using amyloid beta immunohistochemistry exactly as
recommended in the guidelines (1) and as previously done by
us for other studies (29, 30).

Indices of Disease Burden
We have previously devised and applied indices of the

extent of neuropathologic change designated as severe, mod-
erate, or none/negligible (20). Briefly, severe AD pathologic
change (index¼ 1.0) is defined as Braak stage V or VI, moder-
ate (index¼ 0.4) as Braak stage IV, and none/negligible (in-
dex¼ 0) as Braak stage<IV (31). Severe LBD (index¼ 1.0)
is based on a McKeith score of 7 or higher (9), moderate (in-
dex¼ 0.4) on a McKeith score of 2–6, and none/negligible (in-
dex¼ 0) for no LBs observed. Severe HS (index¼ 1.0) is
based on bilateral occurrence, moderate (index¼ 0.4) on
unilateral occurrence, and none/negligible (index¼ 0) for no
evidence of the abnormality (10, 11). Severe microinfarcts (in-
dex¼ 1.0) requires more than 3 microinfarcts counted in stan-
dard screening sections, moderate (index¼ 0.4) requires 2 or 3
microinfarcts, and none/negligible (index¼ 0) means one or
none are found.

Analysis
Statistical analyses were performed using GraphPad

Prism (San Diego, CA). Student t-tests and v-square tests
were used with a¼ 0.05.

RESULTS
The NIA-AA revised criteria were applied to all eligible

HAAS and Nun Study cases (Table 1). In total, we generated
1262 complete NIA-AA ABC Scores in what we have
designated the neuropathology (NP) groups. Of these, 747 with-
�2 years from last clinical evaluation to autopsy and APOE ge-
notype were designated clinico-pathologic correlation (CPC)
cases (Table 1).

We first examined which NP groups were resistant to
different aspects of AD neuropathologic change, that is,

TABLE 1. Number of Brain Autopsies in the Neuropathology
(NP) and Clinico-Pathologic Correlation (CPC) Subsets for the
Nun Study and Honolulu-Asia Aging (HAAS) Study

HAAS (#) Nun Study (#) Total (#)

Total brain autopsies (#) 852 605 1457

. . . with complete NIA-AA ABC

Scores (NP)

762 500 1262

. . . and �2 years from last clinical

evaluation to autopsy

408 388 796

. . . and APOE genotype (CPC) 392 355 747
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resistant to Ab deposition (A score¼ 0), neurofibrillary de-
generation (B score¼ 0), or neuritic plaque accumulation (C
score ¼ 0). Figure 1 shows the distribution of NIA-AA A, B,
and C scores for the 2 NP groups. In both cohorts, participants
were most resistant to neuritic plaque accumulation and least
resistant to neurofibrillary degeneration. HAAS participants
were more resistant than Nun Study participants, primarily to
Ab deposition. v-square tests comparing the distribution of
NIA-AA scores among individuals in the 2 NP cohorts were
significant for A score (p< 0.0001), B score (p< 0.0001), and
C score (p< 0.0001), with the Nun Study participants having
a higher median A score (3 compared to 2 for HAAS), but the
same median B and C score as HAAS participants (2 in both).
These results were the same when analysis was confined to the
CPC subsets of each study (not shown).

We next looked at the extent of AD neuropathologic
change, classified as Not, Low, Intermediate, or High, as de-
rived from the ABC scores according to the NIA-AA guide-
lines (1). As expected from these scores, the HAAS-NP group
(Fig. 2A) had more than twice as many participants who were
categorized as Not AD neuropathologic change by NIA-AA
guidelines than the Nun Study–NP group (v-square test
p< 0.0001). Figure 2B plots the distribution of B scores for
those HAAS-NP and Nun Study–NP cases who were Not AD
neuropathologic change because their NIA-AA A and C
scores were 0, and reflects the relatively common observation
of NIA-AA B scores of 1 or 2 (and rarely B score of 3) in older
individuals who lack Ab accumulation. Interestingly, the dis-
tribution of B scores in those with A and C scores of 0 was sig-
nificantly different between the 2 groups (p< 0.001) with
HAAS B scores shifted to higher values. Together, these re-
sults show that the HAAS-NP group was more resistant to Ab
accumulation than Nun Study–NP group, and for those with-
out Ab accumulation, the Nun Study–NP group was more re-
sistant to neurofibrillary degeneration.

Next, we focused on the CPC subsets with cognitive
data to assess apparent resilience. We further restricted the
CPC subsets to those with known APOE genotype (Table 1) to
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FIGURE 1. Heat maps of NIA-AA ABC scores for HAAS-NP and Nun Study–NP groups, ordered from lowest to highest for A, then
B, and then C score. Each row presents the results from each of the 762 men in HAAS-NP (A score) or each of the 500 women in
Nun Study–NP. v-square tests comparing the distribution of NIA-AA scores between the HAAS-NP and Nun Study–NP groups
were significant for A score (p<0.0001), B score (p<0.0001), and C score (p<0.0001).
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FIGURE 2. Percent frequency distribution plots for HAAS-NP and
Nun Study–NP. (A) Plots the distribution of the NIA-AA level of
AD neuropathologic changes, and (B) plots the distribution of
NIA-AA B scores among those with NIA-AA A and C scores of 0.
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permit assessment of its potential impact on apparent resil-
ience. Table 2 presents descriptive and genetic data for the
HAAS-CPC and Nun Study–CPC groups; note the previously
described difference in mean level of education between the 2
groups. Based on eligibility criteria for the CPC subsets, ex-
pectedly the interval between last clinical evaluation and death
was not different between the HAAS-CPC and the Nun
Study–CPC. The HAAS used CASI as a global cognitive
screen, and the HAAS-CPC subset had a median CASI score
of 66 out of 100. The Nun Study used CERAD total score as a
global cognitive screen, and the Nun Study–CPC subset had a
median result that was approximately one-half of the maxi-
mum, viz., median CERAD total score of 51 out of 100 (32).

Previously, we devised index measures of AD neuro-
pathologic change and commonly observed comorbid lesions
in brain of older individuals, including LBD, MVI, and HS
(20), to facilitate comparison of total burden of these diseases
in brain. Figure 3 shows the distribution of none/negligible,
moderate, and severe index measures for individuals in
HAAS-CPC and NP-CPC stratified by quartile for perfor-
mance at last cognitive screen. We have previously described
the individual complex interaction among these 4 diseases and
the likelihood of cognitive impairment (20). Here we focused
on those resistant to all 4 diseases of brain. Indeed, the per-
centage of individuals resistant to all 4 types of pathologic
changes by performance quartile is remarkably similar for
these 2 very different cohorts (Fig. 4).

We also investigated whether APOE genotype might be
related to resistance to brain injury from these 4 diseases.
Table 3 shows the results of v-square tests for the distribution
of APOE e2, e3, and e4 alleles for those individuals with
none/negligible versus moderate or severe neuropathologic
index for each disease type. Among instances that yielded a
statistically significant result, the moderate or severe neuro-
pathologic index groups had a greater proportion of APOE e4
alleles, and a lower proportion of APOE e2 alleles, than the
none/negligible neuropathologic index group, with one excep-
tion. The exception was LBD in HAAS participants who had
lower proportions of APOE e2 and APOE e4 in the moderate
or severe neuropathologic index groups; for this reason, the
combined analysis for LBD is weaker than for the Nun Study
alone.

Although, the proportion of individuals resistant to neu-
ropathologic changes from the 4 diseases was very similar in
these 2 cohorts, the prevalence of the different brain diseases
was dissimilar in HAAS and Nun Study participants. The
prevalence of the 4 common brain diseases is noted at the top

of columns in Figure 3 and summarized in Figure 5 as the dif-
ference in prevalence in the HAAS versus the Nun Study strat-
ified by cognitive performance quartile (with Q1 the highest
performance and Q4 the lowest). Small vessel VBI was more
common among HAAS (p< 0.001), and LBD was more com-
mon among Nun Study participants (p< 0.0001) across all
quartiles, but most pronounced in Q3 and Q4. Although over-
all the HAAS-CPC group was more resistant to AD neuropath-
ologic change than Nun Study–CPC; this relationship was
complex and varied by cognitive performance quartile, such
that HAAS-CPC participants had greater AD neuropathologic
change than Nun Study–CPC in Q1 and Q2, roughly equal
prevalence in Q3, and lower prevalence in Q4. The prevalence
of HS was very similar in all quartiles in the 2 groups.

zFinally, we investigated individuals in Q1 who had
high levels of neuropathologic changes for AD, VBI, LBD, or
HS, or their combination, within 2 years of death (Fig. 6).
High level neuropathologic changes for any one of these dis-
eases is considered sufficient evidence for a clinical diagnosis
of dementia, so their presence in individuals in Q1 is a state of
apparent cognitive resilience. In HAAS, 21 participants (5%, 4
were heterozygous for APOE e4) with last cognitive evalua-
tion in Q1 had high levels of neuropathologic changes for 1 or
2 of these diseases; none had high levels of 3 or 4 diseases.
The 3 Q1 HAAS individuals with comorbid disease each had
high levels of AD and VBI. In the Nun Study, 24 individuals
(7%, 1 was homozygous and 2 were heterozygous for APOE
e4) with last cognitive evaluation in Q1 had high levels of neu-
ropathologic changes for 1 or 2 of these diseases; again, none
had 3 or 4 comorbid diseases. The 3 Nun Study participants
who had high levels of 2 diseases were VBI plus LBD in 2
participants and high level AD plus LBD in another. Using
v-square tests, the distribution of APOE alleles was not signif-
icantly different among the Q1 participants with high neuro-
pathologic index of disease (apparent cognitive resilience)
versus those in Q1 with none/negligible neuropathologic index
of disease for both HAAS and Nun Study. Although the num-
ber of observations for apparent cognitive resilience is low,
these data do not support the APOE locus as a major influence
on apparent cognitive resilience to these 4 diseases.

DISCUSSION
Large community or population-based autopsy cohorts

include older individuals who retain high cognitive function
and therefore allow for a different perspective than case-
control research cohorts of age-related diseases that threaten

TABLE 2. Characteristics of Clinico-Pathologic Correlation (CPC) Subsets of the Nun Study (NS) and Honolulu-Asia Aging Study
(HAAS)

Age at death (y) Education (y)* APOE e4 allele Last CASI score† Last CERAD score†

Mean 6 SD Mean 6 SD % total Median (25th–75th %tile)

HAAS-CPC 88 6 6 11 6 3 11 66 (30–82) —

Nun Study–CPC 91 6 5 16 6 3 13 — 51 (22–69)

*p< 0.0001.
†Out of total of 100.
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cognitive health. High cognitive function may be retained in
advanced age either because of resistance to clinically mean-
ingful neuropathologic lesions, or despite heavy disease
burden (also known as apparent cognitive resilience). Here we
report for the first time NIA-AA neuropathologic evaluations
of HAAS and Nun Study, 2 iconic studies of brain aging and
dementia. These 2 studies are inherently different in that the
HAAS comprises men of Japanese ancestry living on the is-
land of Oahu, while Nun Study participants were women from
mainland United States and predominantly Caucasian. It is
these broad demographic differences that motivated the direct
comparison of these 2 studies; we reasoned that findings com-
mon to these 2 very different groups are more likely generaliz-
able to most other populations within the United States, while
observations distinct to one or the other cohort may point to
changes in aging brain that are dependent on sex, ethnicity,

environment, or lifestyle factors. Broadly, the 2 groups were
remarkably similar in the proportion of individuals resistant to
neuropathologic changes of AD, VBI, LBD, and HS, the pro-
portion of individuals with apparent resilience to clinical
expression of overall high levels of neuropathologic changes,
increasing comorbidity with increasing cognitive impairment,
and the prevalence and distribution of HS. The 2 groups dif-
fered in the neuropathologic burden of AD, LBD, and VBI,
their distribution relative to cognitive performance, and their
relationship of LBD, VBI, and HS to APOE genotype.

We used 2 different subsets of participants in our analy-
ses. The first was the NP subset, defined by those participants
who had complete NIA-AA consensus neuropathologic evalu-
ations. We completed ABC scores on all cases where the re-
quired tissue blocks were available, resulting in 82% of all
brain autopsies from these 2 studies being included in the NP
groups. The second was a subset of the NP groups that also
had last cognitive evaluation within 2 years of death, and who
had APOE genotype determined; these CPC groups were used
for clinico-pathologic correlation. Last clinical evaluation
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FIGURE 4. Percent of individuals with none/negligible
neuropathologic change for AD, VBI, LBD, and HS in HAAS and
Nun Study participants stratified by cognitive performance
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the lowest performing group.

TABLE 3. Proportion of APOE Alleles and v-Square Values for
the Distribution of APOE Alleles Among Individuals With None/
Negligible Neuropathologic Index (20) of Each of the 4 Neuro-
degenerative Diseases Versus Those With Moderate or Severe
Indices For the Combined Clinico-Pathologic Correlation
(CPC) Subsets of the Nun Study and the Honolulu-Asia Aging
Study (HAAS)

Neuropathologic

Index:

None/

Negligible

Intermediate/

High

v-Square Value

APOE (%) e2 e3 e4 e2 e3 e4

AD 12 82 6 5 72 23 50****

VBI 10 79 11 5 73 22 11**

LBD 13 76 11 4 81 15 7*

HS 9 78 13 8 78 14 3

AD, Alzheimer disease, VBI, vascular brain injury, LBD, Lewy body disease, HS,
hippocampal sclerosis.

****p< 0.0001.
**p< 0.01.
*p< 0.05.
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proximate to death was a key element in our focus on cogni-
tive resilience in order to limit the interval between screening
assessment of cognitive function and neuropathologic evalua-
tion. We have shown previously that clinico-pathologic corre-
lations remain unchanged when this interval is limited to
2 years or less (20). Average intervals from last cognitive
screen in the present study were 0.8 and 1.0 years, and we note
that the interval between cognitive screening and neuroimag-
ing commonly can be 0.5 years. A greater fraction of Nun
Study participants were within the 2-year limit because of dif-
ferences in the organization of follow up assessments between
the 2 studies (19–21, 23).

AD neuropathologic changes were frequent among
HAAS-NP and Nun Study–NP. Individuals in both cohorts
were most resistant to neuritic plaque accumulation and least
resistant to neurofibrillary degeneration. However, there were
significant differences between the 2 groups. Indeed, the dis-
tribution of A, B, or C Score was significantly greater in Nun
Study participants for each score. Although we cannot pin-
point the reasons for apparent lower resistance to AD neuro-
pathologic change in Nun Study participants, it is interesting
to note that our results are consistent with reports that indicate
a greater risk for AD dementia among women (33–35).
Although Nun Study participants were less resistant to accu-
mulation of AD neuropathologic changes than HAAS partici-
pants, when focusing on those who lacked Ab accumulation in
brain (A score and C score of 0), HAAS participants were less
resistant to neurofibrillary degeneration, perhaps echoing ear-
lier observations of what was then called tangle-predominant
or tangle-only dementia being more common in individuals of
Asian ancestry. Overall, our results show that in these 2 very
different groups, resistance to AD neuropathologic changes
was greatest for neuritic plaque formation and least for neuro-
fibrillary degeneration. Nun Study participants were less resis-
tant to AD neuropathologic changes, and HAAS participants
were less resistant to neurofibrillary degeneration in the ab-
sence of Ab accumulation. Our results suggest that AD neuro-
pathologic changes may be subject to partial modification by
sex, ancestry, and/or lifestyle factors.

An intriguing rare occurrence in both cohorts was iso-
cortical neurofibrillary degeneration in those without Ab accu-
mulation. Although these cases were few, the distribution of
neurofibrillary degeneration was typical for higher Braak
stages in both HAAS and NS cases. That such examples are
rare reinforces emerging data from experimental models that
supports some mechanistic interaction between Ab accumula-
tion and extension of neurofibrillary degeneration from medial
temporal lobe structures to isocortex. However, rare cases of
isocortical neurofibrillary degeneration in the absence of Ab
accumulation suggests that Ab accumulation may not be the
exclusive promoter for isocortical expansion of neurofibrillary
degeneration. If true, our data suggest that the frequency of hy-
pothesized alternate promoters for isocortical expansion of
neurofibrillary degeneration was more common in HAAS par-
ticipants (36–44).

Both HAAS and Nun Study participants showed signifi-
cantly increased frequency of all 4 neuropathologic changes
with decreasing cognitive performance. While it is not possi-
ble to determine longitudinal change from autopsy data, if

some combination of these 4 diseases was sequential, or even
usually sequential, then one would expect to see this relation-
ship emerge in the cross-sectional data advancing from rare in
Q1 to most common in Q4. Only HS met this criterion, raising
the possibility that the sequential addition of HS to other types
of brain injury may conspire to impair cognitive performance
in older individuals. The shared feature of comorbidity among
these 2 different cohorts is critically important to consider
because it raises the possibility that, for the majority of older
individuals at all levels of cognitive performance, therapies di-
rected at just AD, VBI, LBD, or HS might have benefit
restricted to the relatively small subset of individuals with
only that one disease. Moving forward, comprehensive in vivo
biomarker testing for these 4 common diseases will be critical
for organization of clinical trials and patient management.

Interestingly, our results show very similar rates of ap-
parent cognitive resilience (5% in the HAAS and 7% in the
Nun Study) to high level neuropathologic changes; however,
the particular types of neuropathologic change varied between
the 2 groups. One interpretation of these results is that like
resistance to neuropathologic change, apparent cognitive resil-
ience is not disease-specific but rather resides in a subset of in-
dividuals regardless of the disease or combination of diseases
present in brain.

Our results support prior studies that demonstrate an as-
sociation of APOE genotype with resistance to certain dis-
eases; however, it was not a major factor in apparent cognitive
resilience (45–48). As expected, inheritance of APOE e4 allele
was strongly associated with higher neuropathologic index for
AD in both HAAS and Nun Study, although this association
was considerably stronger in the Nun Study. We observed the
same pattern for APOE with VBI and more strongly for LBD
in the Nun Study but not HAAS. It is worth noting that in Nun
Study participants, the association of APOE genotype with
LBD was stronger than the association of APOE genotype
with AD neuropathologic change in HAAS. In contrast, HS
was weakly associated with APOE e4 in HAAS but not Nun
Study participants. Previously, we have associated APOE e4
with greater risk of LBD in the research cohort of the Parkin-
son’s Disease Cognitive Genetics Consortium, a mixture of
largely Caucasian men and women from across the United
States (49). Others have suggested that VBI also may be asso-
ciated with APOE e4 (50–52). Our results suggest that, unlike
the strong association of APOE genotype with AD neuropath-
ologic change in both studies, the other neuropathologic
associations with APOE genotype may be contextual and not
observed in all populations.

In summary, there were significant differences in the
prevalence of AD neuropathologic changes, small vessel VBI,
and LBD between the participants in these 2 studies, suggest-
ing that sex, ethnicity, and/or lifestyle factors may signifi-
cantly influence the resistance to developing these types of
brain injury as we age. In contrast, prevalence of HS was very
similar in the 2 groups, but skewed to poorer cognitive perfor-
mance, suggesting that HS potentially could act sequentially
with other diseases to impair cognitive function. Strikingly,
despite these differences in brain lesions, the proportion of in-
dividuals resistant to all 4 diseases of brain and the proportion
of individuals displaying apparent cognitive resilience was
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virtually identical between HAAS and Nun Study participants.
These were unexpected findings because we anticipated resis-
tance and resilience to be disease specific. Although specula-
tive, these data raise the possibility that some individuals are
generally resistant or resilient to brain injury with age, rather
than resistance or resilience being focused on a particular
disease.
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