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Abstract

Background: Decedents with late-life dementia are often found at autopsy to have vascular
pathology, cortical Lewy bodies, hippocampal sclerosis, and/or TDP-43 encephalopathy alone
or with concurrent Alzheimer lesions. Nonetheless it is commonly believed that Alzheimer
neuropathologic changes (NC) are the dominant or exclusive drivers of late-life dementia.

Obijectives: Assess associations of end-of-life cognitive impairment with any one or any
combination of five distinct NC. Assess impairment prevalence among subjects having natural
resistance to each type of NC.

Methods: Brains from 1040 autopsied participants of the Honolulu-Asia Study, the Nun
Study, and the 90 + Study were examined for NC of Alzheimer disease, Lewy body

dementia, microvascular brain injury, hippocampal sclerosis, and limbic predominate TDP-43
encephalopathy (LATE). Associations with impairment were assessed for each NC and for NC
polymorbidity (variable combinations of 2-5 concurrent NC).

Results: Among 387 autopsied decedents with severe cognitive impairment 20.4% had only
Alzheimer lesions (ADNC), 25.3% had ADNC plus 1 other NC, 11.1% had ADNC plus 2 or more
other NC, 28.7% had no ADNC but 1-4 other NC, and 14.5% had no/negligible NC. Combinations
of any two, three, or four NC were highly frequent among the impaired. Natural resistance to
ADNC or any other single NC had a modest impact on overall cohort impairment levels.

Conclusions: Polymorbidity involving 1-5 types of concurrent NC is a dominant
neuropathologic feature of ADRD. This represents a daunting challenge to future prevention and
could explain failures of prior preventive intervention trials and of efforts to identify risk factors.

CORRESPONDING AUTHOR Lon R. White, MD, MPH, lon@hawaii.edu, 808-564-6421, Pacific Health Research and Education

Institute, 3375 Koapaka Street, Suite 1-540, Honolulu, HI 96819.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

White et al.

Page 2

INTRODUCTION

Most cases of dementia in late life are diagnosed as probable or possible Alzheimer’s
disease (AD), as defined by diagnostic criteria established in 1984.1 More recently It has
become accepted that clinical Alzheimer’s disease may be mimicked by a variety of other
dementing diseases, a phenomenon sometimes referred to as diagnostic multimorbidity.
During the past two decades a large number of clinical-pathologic studies linking late
onset dementia with brain changes found at autopsy have consistently demonstrated that
most persons assigned that diagnosis have brain lesions distinct from or in addition to AD
amyloid plaques and neurofibrillary tangles (NFT).2"19 This has led to a nosologic shift
toward “Alzheimer’s disease and related dementias” (ADRD).

Despite a growing appreciation of the diagnostic multimorbidity of late onset dementia,
hundreds of preventive intervention trials, eager participation by thousands of volunteers,
and investments of many millions of private and taxpayer dollars have been based on

an implicit understanding of late life dementia as exclusively or predominantly linked to
neocortical accumulations of A-beta amyloid and neurofibrillary tangles. Very few of these
trials have shown even marginal impacts on subsequent cognitive decline.

Ten years ago a panel of 16 eminent neuropathologists recommended diagnostic criteria
for definite AD as part of a package that included criteria for three other diseases: Lewy
body disease (LBD), microvascular brain injury (uVBI), and hippocampal sclerosis (HS),
each with characteristic brain lesions.5” Each type of lesion is conventionally viewed

by neuropathologists as a diagnostically distinct neuropathologic change (NC). Seminal
elements emerging from this group effort were: (i) diagnoses of definite AD and the other
specific diseases may be made with or without cognitive impairment, and (ii) multiple
concurrent diseases are permissible. This means that individuals who had appeared normal
during life might nonetheless be diagnosed as having AD and/or other disease(s), and
that a specific illness (dementia) might be attributed to multiple individual or concurrent
diseases. A fifth dementia-associated pathology, limbic-predominant age-related TDP-43
encephalopathy (LATE) was subsequently recognized as an additional neuropathologic
abnormality linked to dementia.l’

Several distinct dementing illnesses are known to mimic the clinical features or probable

or possible Alzheimer’s disease. It is also clear that late life dementia may involve mixed
concurrent conditions rather than any single disease.29-26 The NC observed in these diverse
illnesses have consistently included classical ADNC (amyloid beta plaques and NFT), uVBI
NC (microvascular focal ischemic lesions), limbic and neocortical LBD NC (Lewy bodies
and neurites), HS NC (hippocampal sclerosis), and LATE NC (limbic-predominant age-
related TDP-43 encephalopathy). Each is presumed the result of its own unique pathogenic
process, time course, and risk factors. Their high frequencies, individual associations with
dementia and common co-occurrence are well accepted by the neuropathology research
community.

In this report we summarize more than two decades of epidemiologic and neuropathologic
research in three cohorts: the Honolulu-Asia Aging Study (HAAS), Nun Study (NS),
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and the 90+ Study. Neuropathologic and cognition observations are presented for 1,040
individual research participants of diverse age, sex, education, and ethnicity. The consistency
of observations and correspondence among them and with other studies implies their
representativeness of the general population.

Study designs, methods, and participants.

The data were from three longitudinal cohort studies that have been fully described in prior
reports.#10.14,20.21,25,26,.29.31 The Nun Study cohort consisted of Catholic Sisters mostly
from midwestern and southeastern United States who were members of the School Sisters
of Notre Dame. The HAAS participants were Japanese-American men born 1900 through
1919 who lived on Oahu when recruited in 1965 as participants of the Honolulu Heart
Program, and who then continued as HAAS subjects from 1992 through 2012. The 90+
Study cohort included mostly Caucasian men and women aged 90 years and older at
enrollment beginning in 2003, most of whom were survivors from the earlier Leisure World
Cohort Study initiated in the early 1980s in a southern California retirement community.
Participants of all three cohorts were followed at intervals with neurological and physical
examinations, cognitive testing, and functional assessments. Informed consents, institutional
approvals, and instruments used for cognitive and other testing have been fully described in
prior reports. Procedures were reviewed and approved by the Institutional Review Boards
of the originating institutions. Participants, their designated surrogates, and legal next of kin
provided consent to participate, for conduct of an autopsy, and use of findings for continuing
analyses. Data collection and neuropathologic measures were designed, defined, managed,
and held constant through the two decades of all three projects.

Dementing disease lesions -- binarized neuropathologic change (NC) variables.

Each disease is marked by its specific NC. Alzheimer’s NC (ADNC) = 1 if Braak stage

V or VI, or if neocortical neuritic plaque density was moderate or severe and Braak stage
was 1V; all others = 0 (negligible). Microvascular brain injury NC (uVBI NC) = 1 if two or
more microinfarcts were counted across all H&E-stained brain sections; all others = 0. Lewy
body dementia NC (LBD NC) = 1 if abundant diffuse cortical alpha-synuclein positive Lewy
bodies were observed; all others = 0. Hippocampal sclerosis NC (HS NC) = 1 if typical
changes were identified bilaterally or unilaterally; not observed=0. Limbic-predominant
age-related TDP-43 encephalopathy NC (LATE NC) = 1 if limbic or neocortical inclusions
were identified; all other = 0. Because HS NC and LATE NC were frequently associated,

we have chosen for this report to identify them as three separate variables: pure HS

NC, pure LATE NC, and mixed LATE-HS NC. An NC value of 1 indicates severity
sufficient to approximately double the likelihood of severe cognitive impairment or dementia
compared with cohort peers with lesser severities of the same NC. An NC value =0 is
assigned when the NC is not observed or present at lesser severity. Each individual’s total
neuropathology burden was calculated by adding the individual NC values. Neuropathologic
lesion definitions and reading/scoring protocols for all three projects were nearly identical
and were determined by two senior neuropathologists, William Markesbery (deceased) and
Thomas Montine who worked closely to ensure consistency at all three sites.

J Alzheimers Dis. Author manuscript; available in PMC 2024 February 08.
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Assessments to identify individuals as cognitively unimpaired, mildly/moderately
impaired, or severely impaired or demented at final examination.

These correspond closely with the commonly used clinical categories of normal cognition,
cognitively impaired but not demented (CIND), and demented. For HAAS these were
based on each participant’s final Cognitive Assessment and Screening Instrument (CASI)
score with values 74-100 = unimpaired, 60-73.9 = mild/moderate impairment, and 0-59.9
= severe impairment.2” For NS, final assignments were based on total scores achieved

on the full Consortium to Establish a Registry for Alzheimer’s Disease (CERAD) test
battery administered at the final examination with values 66-100 = unimpaired, 33-65 =
mild/moderate impairment, and 0-32 = severe impairment. For the 90+ Study a cognitive
diagnosis (no cognitive impairment, mild cognitive impairment without dementia, or
dementia/severe impairment) was assigned after death by a multidisciplinary consensus
committee panel blinded to neuropathologic diagnoses but using all available clinical
information that included bi-annual physical and neuropsychological evaluations, review
of medical history, medical records, and clinical brain imaging when available.

Construction of Figure 1.

Essential brain lesion data for all 1,040 decedent subjects are presented graphically after
imposing a left to right ordering of individuals according to their lesion types and severities
by serial sorting first based on their separate NC values and then on total neuropathologic
burdens. Further explanation is provided in the legend and results section.

Human and/or animal experimention.

None occurred in the conduct or analyses of the work described here.

RESULTS

Table 1 summarizes characteristics of participants in the three cohorts. Substantial
differences in ages, education, sex, and ethnicity are apparent.

Immuno-histopathologic brain autopsy results are shown in the figure for all 1,040 cohort
participants. Data are presented in the figure as stacked bars, one slender bar for each
autopsied participant. The height of each bar corresponds to the total neuropathology burden
for that brain. The types of NC are distinguished by color: black for ADNC, red for uVBI
NC, yellow for LBD NC, light blue for pure LATE NC, orange for pure HS NC, and dark
blue for mixed LATE/HS NC. For example, a bar with three stacked components, red, black,
and yellow, indicates a brain in which three NC were observed: uVBI NC, ADNC, and LB
NC.

Each NC is understood as demonstrating (and establishing a diagnosis of) its specific
disease. Each co-morbid disease is presumed to contribute approximately equally to the
participant’s dementia. The rainbow of colors in the figure shows a striking co-morbid
disease heterogeneity with substantial variation in mixtures among the three cohorts.

Among HAAS cohort members uVBI were the most frequent NC. LATE NC and ADNC
were more common in the 90+ participants. LBD NC were seen in all three cohorts but

J Alzheimers Dis. Author manuscript; available in PMC 2024 February 08.
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were less frequent among 90+ participants. ADNC were seen in about half of the NS

and 90+ Study brains, usually in combination with one or two of the other types of NC.
Except for a moderate association of HS NC with LATE NC and a weak association
between ADNC and LBD NC, the NC were not substantially associated one with another,
supporting a presumption that they represent distinct pathogeneses without substantially
shared determinants. The supplementary materials provides a Spearman correlation matrix
showing associations among and between the NC, and with ages at death for the 1040
participants of the three cohorts.

Among the 1,040 total participants from the three cohorts, 347 had been cognitively
unimpaired at final testing. Of the unimpaired, 174 (50.1%) had negligible brain lesions,
133 (38.3%) had one NC, 36 (10.4%) had two NC types, and 4 (1.1%) had three or more
concurrent NC types. Among the 387 participants with severe cognitive impairment, 55
(14%) had no/negligible NC, 155 (40%) had only one NC type, 132 (34%) had two NC
types, and 45 (12%) had three or more concurrent types of NC. About 86% of the dementia
cases were linked to one or a combination of these five specific types of NC, leaving 14%
neuropathologically unexplained.

The values and the row percentages shown in Table 2 demonstrate marked increases in end-
of-life severe cognitive impairment (and the improbability of being cognitively unimpaired)
with greater total neuropathologic burdens. Burdens of 1 were often observed in the brains
of decedents who had been unimpaired while values of 2 or greater were frequent among
those with severe impairment. The prevalence of end-of-life severe cognitive impairment
increased continuously from approximately 14% among decedents with no/negligible NC to
80-95% in decedents with more than two concurrent NC types.

Table 3 compares individuals with severe cognitive impairment, with mild/moderate
impairment, or who were unimpaired in their final years with regard to frequencies of the

6 categories of brain lesion types. ADNC were seen in approximately half of those with
severe cognitive impairment, leaving half with no linkages to Alzheimer pathology. Slightly
more than half of the brains with ADNC had one or more concurrent non-Alzheimer NC.
These observations belie the common belief that amyloid and tau-positive inclusions are
responsible for the great majority of ADRD cases. Classical Alzheimer brain lesions by
themselves (i.e., without concurrent non-Alzheimer lesions) are not the usual proximate
causal event associated with severe impairment.

As is apparent in Tables 2 and 3, the total neuropathology burden was strongly related to
severe cognitive impairment regardless of which NC types were involved. This conclusion

is powerfully supported by logistic and linear regression analyses presented in the
supplementary materials. The logistic models allow a comparison of odds ratios (for
dementia) associated with the six individual NCs, with those associated with a simple count
of the number of different types of NC observed in each brain (one variable with values 0,

1, 2, or more than 2) without regard to which specific NC were involved. This single 3-level
measure of total neuropathologic burden was nearly as strongly linked to dementia as the
combined set of 6 individual NCs. To demonstrate the exponentially additive influences of
multiple concurrent NC, we then generated three “dummy” variables representing 3 levels of

J Alzheimers Dis. Author manuscript; available in PMC 2024 February 08.
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increasing total burden; one for brains showing a single NC of any type, a second for brains
with two NC of any NC type, and a third for brains with three or more NC of any type. In
logistic models that included education, age at death and these three dummy variables we
demonstrated a dramatic, exponential increase in odds ratios for dementia across the three
levels of increasing burden, using a burden of zero NCs as the reference category. Very
similar results in all three cohorts are shown in the supplementary materials.

We interpret these results as suggesting that clinical dementia in late life typically reflects
the logistically (exponentially) summed influences of disparate brain injuries distributed
across separate gray and/or white neural systems by single or multiple independent but
effectively convergent dementing diseases. This inference is consistent with the well-known
aphorism that the clinical manifestations of a brain abnormality tend to depend more on
“where” rather than “what” it is. This interpretation implies that fully effective future
preventive interventions of ADRD may well require simultaneous reductions of multiple
NC, rather than of any one NC (including ADNC) or of any specific combination of two.

Relevance to Prevention

Rational strategies for preventing an illness like dementia must be based on an
understanding of (or an informed guess at) its etiology, pathogenesis, and its initiating

and proximate events. Our findings suggest that ADRD appears most commonly in
individuals whose brains show variable constellations of independent but concurrent
dementing diseases. The pathophysiologic cascades responsible for each disease and

its characteristic brain NC may be initiated well before onset of symptoms, and then
modulated to histopathologic maturity by constitutional characteristics and a succession of
variable exposures. Opportunities for prevention may exist at multiple points throughout the
pathogenic beginnings and progression of each disease.

If an intervention were fully successful in blocking, preventing, or ablating neocortical
amyloid plaques and NFT without altering other processes and their neuropathologic
manifestations, what might be the expected reduction in risk of dementia? While this
question cannot be directly addressed with available data, our cohort studies provide a
resource for informed speculation. We speculate that the frequency of late-life dementia in
individuals who had been protected by a totally effective intervention against ADNC might
approximate that observed in their peers who were fully resistant to the same pathological
brain changes, i.e., those who “naturally” lacked the classical brain lesions of AD.2% A
comparison of dementia occurrence in such AD-resistant participants with that in their full
cohort could provide an estimate of the maximum reduction in dementia one might expect
from an intervention that completely prevented the development of Alzheimer pathology.

In Table 4 we present observed end-of-life frequencies of severe cognitive impairment for
several subsets of each cohort. One subset was characterized by total “natural” resistance
to the development of AD (i.e., with negligible ADNC at autopsy). This approach may
provide an optimistic expectation for dementia prevention since it excludes not just the
adverse influences of AD, but also those of whatever co-morbid NC existed in those same
individuals. Additional naturally resistant subsets were defined by excluding individuals
with each of the other types of NC. Each subset differed from the full cohort by virtue of

J Alzheimers Dis. Author manuscript; available in PMC 2024 February 08.
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its exclusion of individuals in whose brain one specific type of dementia-associated NC was
identified at autopsy, retaining all others.

In the HAAS, 32% of the full cohort developed severe cognitive impairment while

26% of the subset “naturally” resistant to ADNC developed severe cognitive impairment,
representing a 19% lesser lifetime occurrence of dementia. In the NS, 35% of the full cohort
and 20% of the subset “naturally” lacking ADNC developed severe impairment before
death, providing a best estimate that a fully effective AD intervention might reduce the
end-of-life prevalence of dementia by about 43%. In the 90+ Study, 44% of the full cohort
developed dementia while 29% of the subset “naturally” resistant to development of ADNC
developed dementia, representing a 34% lowering of the lifetime development of dementia.

Table 4 also provides estimates of expected reductions in end-of-life dementia prevalence
levels that might be achieved with complete lifetime prevention of each of the other four
dementing diseases. In the HAAS cohort a total prevention of uVBI is predicted to result

in a 28% reduction in lifetime dementia prevalence, reflecting the higher frequency of
microvascular lesions in this cohort. This is remarkably close to our previously reported
HAAS estimate of 27% of cases of dementia being attributable to ineffectively treated
middle life hypertension.3! The enormous importance of effective treatment of hypertension
in middle and late life as a means for preventing dementia and cognitive decline is further
supported by results from the SPRINT MIND clinical trial.32

Proportions of participants with negligible levels of all five types of dementia-associated
brain lesions were 29.6% for HAAS (90/304), 44.6% for NS (162/363), and 27.3% for

the 90+ Study (102/373). Frequencies of end-of-life dementia in these global NC resistant
subsets were 14.4% for HAAS (13/90), 13.6% for NS (22/162) and 19.6% in the 90+

Study (20/102). Even with fully effective, simultaneous prevention of all 5 NC the predicted
reduction in end-of-life dementia occurrence would reach only about 60%. It is clear that a
very substantial proportion of ADRD cases in these cohorts are unexplained by any of the
disease processes identified by virtue of these five NC.

DISCUSSION

The results reported here are based on more than two decades of rigorously standardized
clinical and neuropathologic observations in three premier longitudinal cohort studies and
abundantly supported by reports from other population-based studies. Each individual
brain’s total neuropathologic burden was the dominant determinant of cognitive impairment.
Constellations of two, three, or more different types of NC distributed across neural systems
comprised that burden. Moreover, it is clear that these five dementing diseases failed to
explain a sizable proportion of ADRD cases.

Employing these data we speculate that a future intervention that would fully prevent or
ablate all Alzheimer NC might be expected to lower the occurrence of end-of-life severe
cognitive impairment from about 37% (approximating today’s level) to 20-30%. A future
intervention that would fully block development of all 5 of these common aging-related
NC might reduce the prevalence of end-of-life impairment to about 15%, assuming no

J Alzheimers Dis. Author manuscript; available in PMC 2024 February 08.
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substantial change in longevity. These inferences suggest that a future prevention of ADRD
may require a better understanding of brain aging and the multiple complex pathogeneses of
cognitive decline than now exists.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE. Neuropathologic changesin 1,040 autopsied study participants showing types and
frequencies of co-morbid lesion occurrence.

These 9 graphs demonstrate frequencies of 5 types of neuropathologic change (i.e. types

of brain lesion) for 1,040 autopsied individuals grouped according to their cohort and end-
of-life cognitive status. One slender stacked component bar is shown for each individual.
Each bar is comprised of 0-4 components indicating the lesions observed in that individual’s
brain. The height of each bar indicates the total neuropathology burden for that brain.

The left to right order in each graph’s horizontal axis was generated by presorting

based on neuropathologic change frequencies and total neuropathology burden in order to
demonstrate patterns of association of lesion types and total burden with cognitive status.
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Personal Characteristics of Study Participants in each Cohort

Table 1.

HAAS | Nun Study | 90+ Study
Characteristic
n=304 | n=363 n=373
Sex (female / male) 0/304 | 363/0 252/121
Age at death (year, mean) 90 91 98
Education
less than high school (%) 46 9 5
completed college (%) 13 87 52
Ethnicity:
Caucasian (%) 0 >99 99
Japanese-American (%) 100 0 <1
Other ethnicity (%) 0 <1 <1
APOE e4 positive (%) 22 23 20
Severe cognitive impairment (%) | 32 35 44
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Neuropathology Burden Showing Ages at Death and Frequencies of End-of-Life Cognitive Impairment

Table 2.

Cohort and NC Burden n Ageat Death | Unimpaired I’\/Inwllrfia/jl\r/lrgceir?;ate Isnflrgj? ment/demented
(mean years) | n (%) n (%) n (%)
HAAS
Negligible neuropathology 90 90 52 (58) 25 (28) 13 (14)
One NC, any type 120 | 91 55 (46) 33(28) 32 (27)
Two NC, any combination 73 89 24 (33) 14 (19) 35 (48)
Three or more, any combination | 21 92 2(10) 2 (10) 17 (81)
Totals: | 304 133 (44) 74 (24) 97(32)
Nun Study
Negligible neuropathology 162 | 91 76 (47) 64 (39) 22 (14)
One NC, any type 130 | 91 27 (21) 47 (36) 56 (43)
Two NC, any combination 58 91 1(2) 20 (33) 37 (65)
Three or more, any combination | 13 91 0 1(8) 12 (92)
Totals: | 363 104 (29) 132 (36) 127 (35)
90+ Study
Negligible neuropathology 102 | 98 46 (45) 36 (35) 20 (20)
One NC, any type 161 | 98 51 (32) 43 (27) 67 (41)
Two NC, any combination 87 98 11 (13) 16 (18) 60 (69)
Three or more, any combination | 23 98 2(9) 5(22) 16 (70)
Totals: | 373 110 (30) 100 (27) 163 (44)

Row percentages demonstrate relationship of total neuropathologic burden to final cognitive state.

J Alzheimers Dis. Author manuscript; available in PMC 2024 February 08.

Page 12



White et al. Page 13

Table 3.
Relationship of Final Cognitive State to Alzheimer Disease Neuropathologic Change (ADNC) and non-ADNC
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Negligible | Pure ’;\Ilagf S‘Bgf:z No ADNC lz\lgrAn?gg
Cohort n w((“;/o) ﬁl(jozl)c non-ADNC | non-ADNC ﬁ ?(%';'ADNC non-ADNC
n (%) n (%) n (%)
HAAS
Unimpaired 133 | 52 (39) 5 (4) 5 (4) 1(1) 50 (38) 20 (15)
Mild/Moderate Impairment | 74 25 (34) 1(1) 5(7) 2(3) 32 (43) 9(12)
Severe Impairment 97 13 (13) 4(4) 12 (12) 16 (17) 28 (29) 24 (25)
Nun Study
Unimpaired 104 | 76 (73) 6 (6) 1(1) 0(0) 21 (20) 0(0)
Mild/Moderate Impairment | 132 | 64 (48) 25(19) | 16 (12) 1(1) 25(17) 4(3)
Severe Impairment 127 | 22 (17) 35(28) | 34(27) 12 (9) 21 (17) 3(2)
90+ Study
Unimpaired 110 | 46 (42) 28 (25) | 11 (10) 2(2) 23 (21) 0(0)
Mild/Moderate Impairment | 100 | 36 (36) 24 (24) | 14 (14) 5(5) 19 (19) 2(2)
Severe Impairment 163 | 20 (12) 41 (25) | 56 (35) 15 (9) 26 (16) 5(3)

Row percentages demonstrate relationships of final cognitive state with frequencies of single and multiple NC.
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Table 4.

Page 14

End of Life Cognitive Function Categories in Full Cohorts and in Subsets with Negligible Levels of Selected

Types of Neuropathologic Change (NC)

Cohortsand Selected Subsets IOtal rL]J ’(‘g/';“)pa"ed E'\:r;i%% r’\fn%(rj\?r? ' :\/Imo;ja{eirr?]tqz’qste;e(rlz )
HAAS
full cohort 304 | 133 (44) 74 (24) 97 (32)
subset with negligible ADNC 253 | 122 (48) 66 (26) 65 (26)
subset with negligible uvVBI NC 168 87 (52) 42 (25) 39 (23)
subset with negligible neocortical and limbic LBD NC | 259 117 (45) 66 (26) 76 (29)
subset with negligible LATE NC 226 105 (46) 58 (26) 63 (28)
subset with negligible HS NC 248 117 (47) 64 (26) 67 (27)
subset with negligible ADNC and uVBI NC 147 80 (54) 38 (26) 29 (20)
subset with negligible ADNC and Lewy NC 217 107 (49) 59 (27) 51 (24)
subset with negligible NC, all types 90 52 (58) 25 (28) 13 (14)
Nun Study
full cohort 363 | 104 (29) 132 (36) 127 (35)
subset with negligible ADNC 233 97 (42) 90 (38) 46 (20)
subset with negligible uvVBI NC 315 90 (28) 119 (38) 106 (34)
subset with negligible neocortical and limbic LBD NC | 320 97 (30) 120 (38) 103 (32)
subset with negligible LATE NC 310 104 (34) 115 (37) 91 (29)
subset with negligible HS NC 324 103 (32) 120 (37) 101 (31)
subset with negligible ADNC and uVBI NC 201 83 (41) 80 (40) 38 (19)
subset with negligible ADNC and Lewy NC 214 | 91 (40) 84 (39) 39 (18)
subset with negligible NC, all types 162 76 (47) 64 (39) 22 (14)
90+ Study
full cohort 373 | 110 (29) 100 (2) 163 (44)
subset with negligible ADNC 177 69 (39) 57 (32) 51 (29)
subset with negligible uvVBI NC 355 108 (30) 95 (26) 152 (43)
subset with negligible neocortical and limbic LBD NC | 320 100 (31) 88 (27) 132 (41)
subset with negligible LATE NC 256 90 (35) 75 (29) 91 (35)
subset with negligible HS NC 330 102 (30) 94 (28) 134 (41)
subset with negligible ADNC and uVBI NC 169 67 (39) 56 (33) 46 (27)
subset with negligible ADNC and Lewy NC 160 63 (39) 52 (32) 45 (28)
subset with negligible NC, all types 102 46 (45) 36 (35) 20 (20)

Row frequencies and percentages show distribution across levels of cognitive impairment
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