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Abstract
Objective
The association of limbic-predominant age-related transactive response DNA-binding protein
43 encephalopathy neuropathologic change (LATE-NC) with cognition and dementia was
assessed in community-dwelling Black elders, and racial differences in these associations were
tested.

Methods
Black (n = 76) andWhite (n = 152) decedents from 4 longitudinal clinical pathologic studies of
aging were matched 2 to 1 by age at death, sex, years of education, dementia status, and follow-
up time. LATE-NC detected by immunohistochemistry was dichotomized into none/mild and
moderate/severe groups. Distribution and clinical and pathologic characteristics of LATE-NC
and its association with cognitive profiles and odds of dementia were determined in Black
decedents, and racial differences in these associations were assessed.

Results
The overall frequency of LATE-NC in Black and White decedents was similar (40.8% vs
45.4%). Black decedents with moderate/severe LATE-NC were older, had significantly lower
global cognition scores, particularly in memory domains, and had higher frequency of Alz-
heimer disease, hippocampal sclerosis, and cerebral amyloid angiopathy than the LATE-NC
none/mild group. LATE-NC in Black decents was independently associated with impaired
global cognition, episodic and semantic memory, and visuospatial abilities. There were no racial
differences in clinical features or pathologic distribution of LATE-NC except for a significant
increase in the mean cytoplasmic inclusions in the entorhinal and mid temporal cortices in
White compared to Black decedents. In addition, no racial differences in the cognitive profiles
or the odds of dementia were observed in Black vs White decedents.

Conclusions
Consistent with findings in White decedents, LATE-NC in Black decedents is associated with
impaired cognition, including memory domains.
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More than a decade has elapsed since the initial reports of the
localization of the transactive response DNA-binding protein
43 (TDP-43) in brains of frontotemporal lobar degeneration
cases and in brain and spinal cord of amyotrophic lateral
sclerosis cases.1,2 In these studies, neurons and glia showed
loss of normal nuclear TDP-43 immunoreactivity associated
with translocation of TDP-43 into the cytoplasm and neurites
in the form of inclusions, findings referred to as TDP-43
pathology or proteinopathy. TDP-43 proteinopathy was
subsequently reported in Alzheimer disease (AD),3 Lewy
body diseases,4,5 age-related hippocampal sclerosis (HS),6,7

and chronic traumatic encephalopathy.8 TDP-43 pathology
was also reported in the aging brain in the absence of a
pathologic diagnosis of AD.4,9,10 Recently, localization of
TDP-43 pathology predominantly in the limbic areas with or
without coexisting HS occurring in older adults (>80 years of
age) has been the focus of attention, especially because these
patients have an amnestic dementia syndrome that mimics
AD. This syndrome is now called limbic-predominant age-
related TDP-43 encephalopathy (LATE),11 and the neuro-
pathologic findings are referred to as LATE neuropathologic
change (LATE-NC). This terminology is used in this article.

Most reported studies of LATE-NC have been performed in
White decedents. Therefore, little is known about LATE-NC
in Black decedents. LATE-NC is known to be independently
related to lower function in global cognition and episodic and
semantic memory in White decedents.9 It is well documented
that members of racial minority populations, including older
Black patients, have increased risk for cognitive impairment
and an almost 2-fold increased risk for AD,12–15 but reasons
for the racial disparities remain unknown. One possibility to
account for this disparity is an increased frequency or severity
of LATE-NC in Black decedents with greater impairment in
cognition from this pathology than observed in White dece-
dents. Although no current treatment exists for LATE-NC,
understanding racial differences in this pathology could pro-
vide important clues for future therapeutic targets and ulti-
mately could have implications for health care in a vulnerable,
at-risk population. This study was undertaken to document
the distribution and severity of LATE-NC in Black decedents,
to compare the clinical and pathologic characteristics of those
with and without LATE-NC, and to determine the association
of LATE-NC with cognition and odds of dementia. In addi-
tion, the distribution and severity of LATE-NC in Black and
White decedents were compared, as were the associations of
LATE-NC with memory, other cognitive domains, and odds
of dementia to test for racial differences. Participants were

from 1 of 4 longitudinal studies of aging and dementia: the
Rush Memory and Aging Project (MAP), the Religious Or-
ders Study (ROS), the Minority Aging Research Study
(MARS), and the African American Core (AA Core).

Methods
Standard protocol approvals, registrations,
and patient consents
This study included Black and White decedents from clinical-
pathologic cohort studies of aging and dementia, each ap-
proved by the Institutional Review Board of Rush University
Medical Center. A signed, informed consent was obtained
from each participant for annual clinical evaluations, as was a
signed Anatomical Gift Act for brain donation. Brain donation
was required inMAP and ROS but was optional in MARS and
the AA Core.

Participants and clinical evaluation
Racial category (Black vs White) was determined by self-
report. By June 2019, autopsy was performed on 82
community-dwelling Black decedents. Because complete
clinical and pathologic data were available from only 76, only
these cases were included in the present study (RushMAP n =
15, ROS n = 24, MARS n = 27, and AA Core n = 10). In all
these studies, antemortem and postmortem data collections
were similar, allowing combined analyses of the cohorts. Black
participants had a mean age at death of 82.8 years; their ed-
ucation was a mean of 14.7 years; and their mean follow-up
time in the studies was 6.1 years. Because there were many
more autopsies from White than Black decedents, the Black
decedents were matched 2 to 1 to 152White decedents by age
at death, sex, years of education, dementia status, and their
follow-up time in the studies using Mahalanobis distance
matching as described previously.16 Matching could not be
done by socioeconomic status because data on income were
not available for many of the participants. The matchedWhite
decedents from RushMAP (n = 100) and ROS (n = 52) had a
mean age at death of 84.7 years; their education was a mean of
15.2 years; and their mean follow-up time in the study was 6.1
years.

Participants underwent uniform clinical evaluation at baseline
and annually thereafter. Their assessment included a stan-
dardized battery of 21 neuropsychological tests as described
previously.17–19 The Mini-Mental State Examination
(MMSE) and Complex Ideational Material were used for
descriptive and diagnostic purposes only. The remaining 19

Glossary
AA Core = African American Core; AD = Alzheimer disease; CAA = cerebral amyloid angiopathy; CI = confidence interval;
HS = hippocampal sclerosis; LATE = limbic-predominant age-related TDP-43 encephalopathy; LATE-NC = LATE
neuropathologic change;MAP = Rush Memory and Aging Project;MARS = Minority Aging Research Study;MMSE = Mini-
Mental State Examination; ROS = Religious Orders Study; TDP-43 = transactive response DNA-binding protein 43.
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tests assessed the level of and change in episodic, semantic,
and working memory; perceptual speed; and visuospatial
abilities. To reduce ceiling and floor artifacts and random
variability, composite measures were obtained as described
previously.19,20 The global cognitive function score was
computed by averaging the z scores of all 19 tests. Criteria of
the joint working group of the National Institute of Neuro-
logic and Communicative Disorders and Stroke and the AD
and Related Disorders Association21 were used to diagnose
dementia and clinical AD. Proximate to death, dementia sta-
tus was assigned by a board-certified neurologist after review
of all clinical information.

Neuropathologic analyses
The mean postmortem interval was 11.2 hours (SD 12.6
hours). Autopsies, brain fixation, and dissection of 11 brain
regions for microscopy were performed following a standard
protocol as described previously.20 Blocks processed with
standard techniques were embedded in paraffin, and sections
(6 μm) stained with hematoxylin-eosin were used to detect
microinfarcts and to assess arteriolosclerosis, as described
below, and HS. HS was evaluated unilaterally in a coronal
section of the mid hippocampus and graded as absent or
present according to severe neuronal loss and gliosis in CA1
and/or subiculum or other sectors.6

LATE-NC assessment
TDP-43 protein was localized by immunohistochemistry in 4
brain regions (amygdala, entorhinal cortex, hippocampus
CA1 and subiculum, and dentate neurons) and 4 neocortical
areas (anterior temporal pole, mid temporal, orbital frontal,
and mid frontal cortices) as described previously.20 Immu-
nohistochemistry was performed with phosphorylated
monoclonal TAR5P-1D3, pS409/410 antibodies from 2
sources. Before 2015, the antibody source was Ascenion
(Munich, Germany; 1:10022); after 2015, the antibody source
was Millipore Sigma (Burlington, MA; 1:400). Phosphory-
lated TDP-43 was visualized as a brown reaction product
produced by reagents in the Bond Polymer Refine Detection
Kit (Leica Microsystems, New Buffalo, IL). A semi-
quantitative estimate of TDP-43 cytoplasmic inclusions in
neurons and glia in the 8 regions mentioned above was
obtained as described previously.20 As recommended by the
Consensus Committee,11 LATE-NC progression was divided
into 3 stages. In stage 1, LATE-NC was localized to the
amygdala; in stage 2, there was extension to the hippocampus
or entorhinal cortex; and in stage 3, there was extension to
neocortical areas.9 All 228 cases had LATE-NC data available
from the amygdala because previous studies6,23 reported that
in aging and AD the amygdala is the first site to be involved by
LATE-NC. Because our previous study20 showed that stage 1
is not related to cognitive impairment and because there were
very few Black decedents with stage 2 in the present study
(table 1), LATE-NC distribution was dichotomized into
none/mild (none and stage 1) and moderate/severe (stages
2–3) for descriptive and analytic purposes.

AD pathology
A pathologic diagnosis of AD included intermediate- and
high-likelihood cases diagnosed with the National Institute on
Aging–Reagan criteria.24 Neuritic and diffuse plaques and
neurofibrillary tangles in 5 brain regions (mid frontal, mid
temporal, inferior parietal, and entorhinal cortices and hip-
pocampal CA1), having the highest density of these struc-
tures, were quantified from sections stained by modified
Bielschowsky silver stain as described previously.25

Infarcts
Macroscopic and microscopic infarcts were assessed as de-
scribed previously,20 and only chronic macroinfarcts and
microinfarcts were included in the analyses as dichotomous
variables.

Vascular diseases
Atherosclerosis was assessed in basal cerebral arteries, and
arteriolosclerosis was assessed in the basal ganglia. Both vessel
pathologies were graded with a 6-tiered semiquantitative scale
from 0 (none) to 6 (severe) as described previously.20 Ce-
rebral amyloid angiopathy (CAA) was assessed in meningeal
and intracortical vessels in 4 cortical sections (mid frontal,
mid temporal, inferior parietal and occipital) immunostained
for β-amyloid and graded as described previously.26

Lewy bodies
Six regions (mid frontal, mid temporal, entorhinal and cin-
gulate cortices, amygdala, and substantia nigra) were assessed
for the presence of Lewy bodies as described previously,18 and
they were recorded and analyzed as a dichotomous variable.

Statistical analyses
Demographics, clinical characteristics, and age-related pa-
thologies, including macroinfarcts and microinfarcts, HS,
Lewy bodies, and AD and vascular pathologies (arterio-
losclerosis, atherosclerosis, and CAA), were compared be-
tween Black decedents with none/mild and those with
moderate/severe LATE-NC and between Black and White
decedents with moderate/severe LATE-NCwith the use of χ2

test or t statistics. The mean cytoplasmic inclusions in brain
regions of Black and White decedents were compared with
the Wilcoxon rank-sum test.

Multivariable linear regression analyses were used to de-
termine the association of moderate/severe LATE-NC in
Black decedents with the outcome measures of global cog-
nition and separately episodic, semantic, and working mem-
ory; perceptual speed; and visuospatial skills. Multivariable
logistic regression analyses evaluated the association of
LATE-NC and age-related pathologies in Black decedents
with dementia as a binary outcome. Additional linear and
logistic regression models were run that included both Black
and White decedents, and terms for race and LATE-NC were
included as the primary predictors to test for racial differences
in the association of LATE-NC with cognitive and dementia
outcomes. All models controlled for age, sex, education, and
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the other age-related pathologies listed above. Results were
presented as point estimates with 95% confidence intervals
(CIs). All analyses were carried out with Statistical Analysis
Software (SAS/STAT 14.1 User’s Guide, SAS Institute Inc,
Cary, NC). Model assumptions were examined graphically and
analytically and were adequately met. A nominal threshold of p <
0.05 was used for statistical significance, while for the memory
domain–specific analyses, a Bonferroni correction for 5 domains
(α = 0.05/5) was applied to adjust for multiple testing.

Data availability
The data used in this study can be requested from the Rush
Alzheimer Disease Center Research Resource Sharing Hub
(radc.rush.edu).

Results
LATE-NC in Black decedents
Overall, LATE-NC changes in neurons and glia were present
in 31 of 76 (40.8%) Black decedents. Most inclusions were
homogeneous (figure, A–D), while granular inclusions were
less frequent. Neurite immunostaining was associated with
moderate numbers of cytoplasmic inclusions (figure, B) and
was maximal in association with frequent inclusions (figure,
C). The frequency of TDP-43 inclusions was highest in the
amygdala and least in the orbital frontal and mid frontal
cortices (table 1). The distribution of TDP-43 inclusions in
brain regions was similar to our previous observations.6,9 In-
clusions were confined to the amygdala (stage 1) in 45.2% of
decedents; 12.9% showed additional involvement of the
hippocampus and entorhinal cortex (stage 2); and 41.9% of
decedents showed additional LATE-NC in the temporal and
frontal cortices (stage 3). The mean density of TDP-43 in-
clusions was also highest in the amygdala in all stages, and
mean inclusions in all regions were highest in the stage 3
decedents.

Black decedents with moderate/severe LATE-NC were sig-
nificantly older at the time of death compared to those in the
none/mild LATE-NC group (table 2). There was no differ-
ence in sex or years of education between the 2 groups. Fre-
quency of dementia was higher (64.7%) in the moderate/
severe LATE-NC group than in the none/mild
group (33.9%).

LATE-NC and other age-related pathologies in
Black decedents
HS was present only in Black decedents having moderate/
severe LATE-NC (table 2), while the frequency of AD was
higher in Black decedents having moderate/severe LATE-NC
compared to the none/mild group. The frequency of Lewy
body disease was similar in both groups. Among vascular
pathologies, the frequency of CAA in the moderate/severe
group was twice that of the none/mild LATE-NC group. The
frequency of other age-related pathologies, including macro-
infarcts and microinfarcts, atherosclerosis, and arterio-
losclerosis, did not differ in Black decedents in the none/mild
vs moderate/severe LATE-NC group. None of the Black
decedents had a pathologic diagnosis of frontotemporal lobar
degeneration.

Cognition and odds of dementia in
Black decedents
The mean scores for global cognition and all cognitive do-
mains were lower in Black decedents with moderate/severe
LATE-NC compared to the none/mild group (table 2). In
linear regression models, LATE-NC in Black decedents was
independently associated with impaired global cognition,
episodic and semantic memory, and visuospatial abilities
(table 3), and these associations persisted on application of a
Bonferroni correction for multiple testing. The mean MMSE
scores were lower and dementia was more frequent in the
Black decedents with moderate/severe LATE-NC compared
to the group with none/mild LATE-NC (table 2). Pathologic

Table 1 Frequency of LATE-NC in brain regions and mean TDP-43 cytoplasmic inclusions by stage in 31 Black decedents

Brain regions Frequency of LATE-NC positive cases, n (%)

Mean (SD) cytoplasmic inclusions/mm2 by LATE-NC stages

1 (n = 14, 45.2%) 2 (n = 4, 12.9%) 3 (n = 13, 41.9%)

Amygdala 30 (39.5) 11.7 (13.6) 4.5 (7.0) 16.6 (12.9)

Entorhinal cortex 16 (21.1) 0 1.3 (1.3) 6.7 (4.1)

Hippocampus, CA1 14 (18.2) 0 3.0 (2.0) 4.2 (3.4)

Hippocampus, dentate gyrus 10 (13.2) 0 0 4.2 (3.6)

Anterior temporal pole cortex 11 (14.7) 0 0 5.3 (4.7)

Mid temporal cortex 9 (11.4) 0 0 1.0 (1.0)

Orbital frontal cortex 2 (2.6) 0 0 0.4 (1.0)

Mid frontal cortex 2 (2.6) 0 0 0.2 (0.4)

Abbreviations: LATE-NC = limbic-predominant age-related TDP-43 encephalopathy neuropathologic change; TDP-43 = transactive response DNA-binding
protein 43.
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examination of those with dementia showed that 65% had
moderate/severe LATE-NC. In both the none/mild and
moderate/severe groups, other pathologies were present to
account for dementia. In logistic regression analyses con-
trolling for demographics and other age-related pathologies,
the odds of dementia in Black decedents with LATE-NC was
elevated 2-fold. However, this value did not reach statistical
significance (table 4).

Moderate/severe LATE-NC in Black vs
White decedents
Black and White decedents matched on key demographics,
dementia status, and their follow-up time in the studies
showed no differences in these characteristics or MMSE and
cognition scores proximate to death (data not shown). The
overall frequency of LATE-NC in White decedents was
45.4%, which was not statistically different from the frequency
of 40.8% in Black decedents (p = 0.509). The frequency of the
APOE e4 allele was significantly higher in Black than White
decedents (41.9% vs 26.5%, p = 0.045). In logistic regression
analyses that included both Black and White decedents, the
APOE e4 allele was associated with LATE-NC (3.23, 95% CI
1.59–6.55), and this association did not differ by race because
in an additional model the interaction between the APOE e4
allele and race was not significant.

There were no racial differences in the distribution and se-
verity of LATE-NC in the brain except that higher mean
cytoplasmic inclusions in the entorhinal and mid temporal

cortices were noted in White decedents (table 5). Further-
more, there were no racial differences in the frequency of AD,
other age-related pathologies, or the frequency of vascular
diseases in Black decedents compared to White decedents
with moderate/severe LATE-NC.

Cognition and dementia in Black vs White
decedents with moderate/severe LATE-NC
No racial differences were observed in the global cognition
scores and those of the 5 cognitive domains in Black dece-
dents compared to White decedents with moderate/severe
LATE-NC (data not shown). In linear regression models that
included both White and Black decedents, LATE-NC was
independently associated with a lower level of global cognitive
function (−0.42, 95% CI −0.76 to 0.07) and episodic (−0.50,
95% CI −0.90 to 0.09) and semantic (−0.99, 95% CI −1.51 to
0.48) memory. On application of the Bonferroni correction to
analyses of the cognitive domains, LATE-NC in both groups
was associated only with impaired semantic memory. In ad-
ditional models, a term for an interaction between LATE-NC
and race was added to each of the linear regression models
with global cognitive function and 5 separate cognitive do-
mains as outcomes. In these models, the interaction for
LATE-NC and race did not reach statistical significance,
suggesting no racial difference in these associations.

In logistic regression analyses that included both Black and
White decedents and controlling for demographics and other
age-related pathologies, the odds of dementia was elevated in

Figure TDP-43 inclusions in the amygdala

Representative areas of the amygdala show (A)
sparse, (B) moderate, and (C) frequent TDP-43
inclusions in neuronal cytoplasm and neurites.
Areas depicted (A–C) are smaller than the 0.25-
mm2 counting frame used to quantify the inclu-
sions. (D) Transactive response DNA-binding
protein 43 (TDP-43) cytoplasmic inclusions and
neurite immunostaining are shown at high
magnification from an area of frequent inclu-
sions. Scale bar = 50 μm (A–C) and 25 μm (D).
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moderate/severe LATE-NC. However, this value did not reach
statistical significance (odds ratio 1.39, 95% CI 0.58–3.31). To
determine whether these associations differed by race, a term for
the interaction of LATE-NCwith race was added to eachmodel,
but in thesemodels, the interaction between LATE-NC and race
did not reach statistical significance.

Discussion
To the best of our knowledge, this is the largest group of
community-dwelling Black decedents in the literature in whom
the frequency and distribution of LATE-NC and its association
with cognition and odds of dementia are documented. LATE-

NC in Black decedents was independently associated with
impaired global cognition, episodic and semantic memory, and
visuospatial abilities. In a sample of Black and White partici-
pants matched on key demographics, dementia, and follow-up
time, no racial differences in the clinical or pathologic charac-
teristics were noted in the moderate/severe LATE-NC groups.
Severity of LATE-NC in the 2 groups showed that White de-
cedents had significantly higher inclusions in the entorhinal and
mid temporal cortices. In addition, no racial differences in the
cognitive profiles or the odds of dementia were observed in
Black vs White decedents.

The overall frequency of LATE-NC was similar in Black vs
White decedents (40.8% vs 45.4%). A similar frequency of

Table 2 Clinical pathologic characteristics of 76 Black decedents by LATE-NC

Characteristics

LATE-NC groups

p ValueNone/mild (n = 59) Moderate/severe (n = 17)

Age at death, mean (SD), y 81.5 (8.8) 87.3 (8.0) 0.017a

Female, n (%) 46 (78.0) 12 (70.6) 0.528

Education, mean (SD), y 14.7 (3.5) 14.5 (3.0) 0.833a

Clinical characteristics, n (%)

No dementia 39 (66.1) 6 (35.3)
0.023

Dementia 20 (33.9) 11 (64.7)

Cognitive function tests proximate to death, mean (SD)

MMSE score 23.0 (7.6) 17.0 (9.9) 0.013a

Global cognition −0.83 (1.1) −1.73 (1.2) 0.006

Episodic memory −0.67 (1.3) −1.81 (1.4) 0.003a

Semantic memory −0.85 (1.4) −2.0 (1.8) 0.006a

Working memory −0.69 (1.0) −1.27 (1.0) 0.043a

Perceptual speed −1.14 (1.1) −1.90 (1.2) 0.022a

Visuospatial ability −0.78 (0.9) −1.61 (1.2) 0.004a

Pathologic characteristics, n (%)

LATE-NC 14 (23.7) 17 (100) <0.001

HS 0 5 (29.4) <0.001

AD 32 (54.2) 14 (82.4) 0.037

CAA 13 (22.4) 8 (47.1) 0.046

Lewy body disease 9 (15.5) 5 (31.3) 0.155

Macroinfarcts 22 (37.3) 7 (41.2) 0.951

Microinfarcts 18 (30.5) 3 (17.7) 0.271

Arteriolosclerosis moderate/severe 10 (17.2) 5 (29.4) 0.270

Atherosclerosis moderate/severe 7 (11.9) 4 (23.5) 0.228

Abbreviations: AD = Alzheimer disease; CAA = cerebral amyloid angiopathy; HS = hippocampal sclerosis; LATE-NC = limbic-predominant age-related trans-
active response DNA-binding protein 43 encephalopathy neuropathologic change; MMSE = Mini-Mental State Examination.
a The p value was derived from t test or χ2.
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LATE-NC was reported in previous studies of White dece-
dents of a similar age in whom the amygdala was sampled.9,10

A single multiethnic study of cognitively normal elders
reported LATE-NC in 6 (17.7%) Black decedents and Black
decedents admixed with other races.27 This low frequency was
attributed to the lower age of the study participants, the mean
age being 74 years.

Our previous studies of mainly White decedents with LATE-
NC have reported 36,9 and even 5 stages20 of LATE-NC,
which could not be applied to the present study due to the

small sample size because just over half the Black participants
(17 of 31) had LATE-NC beyond the amygdala. The regional
distribution of LATE-NC with involvement of amygdala be-
fore neocortical structures is similar to the reported distri-
bution in White decedents with AD4,23 and elders without a
pathologic diagnosis of AD.9

The current study did not show racial differences in the re-
gional distribution of LATE-NC except that the severity of
LATE-NC in the entorhinal and mid temporal cortices was
greater in White decedents than Black decedents. The reason
for this difference is not readily apparent because the ages of
participants in the 2 groups were matched. The observed
higher frequency of the APOE e4 allele in Black vs White
decedents in this study has been reported previously.28,29 It is
interesting that in this study the APOE e4 allele is related to
LATE-NC in both Black and White decedents and that it is
also reported to be related to faster decline in episodic
memory,28 a clinical characteristic of LATE.11

The age of Black decedents and the burden of LATE-NC in
the moderate/severe group were significantly higher than in
those with none/mild LATE-NC (p = 0.017 and p < 0.001
respectively). The association of a higher burden of LATE-
NC with age is well documented in previous studies of White
decedents, including those with minimal AD pathology,10

older mentally ill adults,30 a population-based study that in-
cluded AD cases,31 and our longitudinal studies of aging and
dementia that included AD cases.20 Also related to age may be
the higher frequency of AD in the moderate/severe group of
Black decedents compared to the none/mild group. The
higher frequency of AD in the moderate/severe group may

Table 3 Relation of LATE-NC and age-related pathologies to cognitive outcomes in Black decedents

Model terms

β Coefficient (95% CI)

Global cognitive
function

Episodic
memory

Semantic
memory

Working
memory

Perceptual
speed

Visuospatial
abilities

LATE-NC −0.89 (−1.68 to
−0.10)

−1.22 (−2.11 to
−0.33)

−1.50 (−2.58 to
−0.41)

−0.74 (−1.52 to
0.04)

−0.39 (−1.17 to
0.39)

−1.02 (−1.76 to
−0.28)

AD pathology −0.62 (−1.03 to
−0.22)

−0.78 (−1.24 to
−0.32)

−0.66 (−1.22 to
−0.10)

−0.36 (−0.77 to
0.04)

−0.67 (−1.08 to
−0.27)

−0.38 (−0.77 to
0.003)

HS 0.91 (−0.35 to 2.17) 1.16 (−0.25 to
2.58)

1.71 (−0.01 to
3.43)

0.79 (−0.45 to
2.02)

0.11 (−1.13 to
1.35)

0.96 (−0.21 to
2.13)

Lewy bodies −0.63 (−1.28 to 0.02) −0.52 (−1.25 to
0.21)

−0.61 (−1.50 to
0.28)

−0.34 (−0.98 to
0.30)

−0.32 (−0.96 to
0.32)

−0.35 (−0.96 to
0.26)

Macroinfarcts 0.05 (−0.30 to 0.41) 0.12 (−0.28 to
0.52)

−0.12 (−0.50 to
0.47)

−0.01 (−0.36 to
0.34)

0.02 (−0.33 to
0.37)

0.06 (−0.27 to
0.39)

Microinfarcts −0.40 (−0.81 to 0.01) −0.58 (−1.04 to
−0.11)

−0.47 (−1.03 to
0.09)

−0.20 (−0.60 to
0.21)

−0.57 (−1.00 to
−0.15)

−0.35 (−0.75 to
0.06)

Arteriolosclerosis
(moderate/severe)

−0.12 (−0.78 to 0.54) −0.22 (−0.97 to
0.52)

−0.45 (−1.36 to
0.46)

0.06 (−0.59 to
0.72)

−0.10 (−0.77 to
0.57)

−0.49 (−1.13 to
0.14)

Abbreviations: AD = Alzheimer disease; CI = confidence interval; HS = hippocampal sclerosis; LATE-NC = limbic-predominant age-related transactive response
DNA-binding protein 43 encephalopathy neuropathologic change.
Cognitive outcomes are estimated from separate linear regression models that include additional terms for age at death, sex, and education.

Table 4 Relation of LATE-NC and age-related pathologies
to dementia in Black decedents

Model terms
Relation to dementia,
OR (95% CI)

LATE-NC 2.07 (0.34–12.55)

AD pathology 6.56 (1.82–23.62)

HS 2.24 (0.09–55.71)

Lewy bodies 5.90 (1.07–32.44)

Macroinfarcts 1.09 (0.42–2.83)

Microinfarcts 2.96 (1.01–8.70)

Arteriolosclerosis (moderate/severe) 1.79 (0.35–9.23)

Abbreviations: AD = Alzheimer disease; CI = confidence interval; HS = hip-
pocampal sclerosis; LATE-NC = limbic-predominant age-related transactive
response DNA-binding protein 43 encephalopathy neuropathologic change;
OR = odds ratio.
Estimated from a single logistic regression model that included terms for
age at death, sex, education.
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explain the higher frequency of CAA in this group because
>90% of AD cases have coexisting CAA.32 HS was found only
in Black decedents with moderate/severe LATE-NC, and the
stated frequency of HSmay be an underestimate because only
1 section of the mid hippocampus was analyzed. Therefore,
future studies with more extensive sampling of the hippo-
campus are warranted to document the frequency of HS in
Black decedents.

The relationship between LATE-NC and cognition in Black de-
cedents is unknown. In the present study, linear regressionmodels
that controlled for demographics and age-related pathologies
showed that LATE-NC is associated with impaired global cog-
nition and the specific domains of episodic and semantic memory
and visuospatial abilities. This pattern of cognitive impairment is
similar to previous findings in White decedents with or without
AD.9,20,33 Involvement of semantic memory was reported in
White decedents when LATE-NC extended to the mid frontal
cortex.20 In Black decedents, impaired semantic memory was
noted even though only 2 cases showed LATE-NC in the mid
frontal cortex. The association of LATE-NC with cognition is not
confounded by age because our previous studies have consistently
shown that the association of age with cognition is mediated by
neuropathology and cognitive impairment is not a normative age-
related process but reflects nonnormative pathologic and
mortality-related processes.34

Although dementia was more frequent in Black decedents
with moderate/severe LATE-NC, logistic regression models
did not show an association with higher odds of dementia
when age-related pathologies were added to the model. This
finding is possibly related to the small sample size because our
previous study of mainlyWhite decedents (n = 1,108) showed
higher odds of dementia in those with moderate/severe
LATE-NC.20

Strengths of this study include the availability of detailed
clinical and neuropsychological data and detailed data on
multiple neuropathologies obtained in a blindedmanner. This
study also has limitations. The ROS participants likely have
better dietary intake, access to health care, and levels of ed-
ucation, which may affect cognitive risk. To alleviate this
concern, Black decedents from ROS were matched only with
White decedents from ROS. Although a robust matching
technique was used that included important demographic
characteristics, because of missing data, we did not match on
income, a socioeconomic indicator that is typically lower
among Black decedents compared with White decedents. We
did, however, match on education, a common proxy for so-
cioeconomic status and one that is more closely related to
long-term economic position. Although this is the largest
study in the literature of LATE-NC in Black decedents, the
total number of cases is still relatively small. Given the fre-
quency of LATE-NC in Black decedents and the strong as-
sociation with lower cognition, further study of LATE-NC in
older Black decedents is warranted.
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Table 5 Frequency of LATE-NC and mean cytoplasmic inclusions in Black and White decedents by brain regions

Brain regions

Frequency of LATE-NC (moderate/severe)
by region, n (%)

TDP-43 cytoplasmic inclusions/mm2

by region, mean (SD)

Black decedents
(n = 17)

White decedents
(n = 35) p Value

Black decedents
(n = 17)

White
(n = 35) p Valuea

Amygdala 16 (94.1) 33 (97.1) 0.610 14.6 (12.6) 21.0 (20.7) 0.286

Entorhinal cortex 16 (94.1) 31 (91.2) 0.713 5.8 (4.2) 11.4 (10.9) 0.024

Hippocampus, CA1 14 (82.4) 29 (87.9) 0.594 4.6 (3.1) 6.0 (4.6) 0.485

Hippocampus, dentate gyrus 10 (58.8) 27 (81.8) 0.079 5.4 (3.2) 10.4 (17.5) 0.891

Anterior temporal pole cortex 11 (64.7) 24 (70.6) 0.670 6.3 (4.5) 13.6 (15.6) 0.315

Mid temporal cortex 9 (52.9) 12 (36.4) 0.261 1.4 (0.9) 14.4 (17.4) 0.003

Orbital frontal cortex 2 (11.8) 9 (25.7) 0.248 2.5 (0.7) 9.2 (8.1) 0.488

Mid frontal cortex 2 (11.8) 9 (25.7) 0.210 1.0 (0) 5.1 (4.6) 0.146

Abbreviations: LATE-NC = limbic-predominant age-related TDP-43 encephalopathy neuropathologic change; TDP-43 = transactive response DNA-binding
protein 43.
a p-value derived from χ2 or Wilcoxon rank sum test.
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