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Abstract
Background and Objectives
Limbic-predominant age-related TDP-43 encephalopathy (LATE) affects similar neuroana-
tomical networks as Alzheimer disease (AD) and is often comorbid with AD, though frequently
missed in clinical diagnosis. The primary aim of this study was to elucidate the clinical and
cognitive differences at baseline between patients with autopsy-confirmed LATE and patients
with AD and comorbid LATE + AD.

Methods
Clinical and neuropathologic datasets were requested from the National Alzheimer Co-
ordination Center. Baseline data from individuals older than 75 years during death without
neuropathologic indication of frontotemporal lobar degeneration were included in analyses.
Pathologically defined groups reflecting LATE, AD, and comorbid LATE + ADwere identified.
Group differences in clinical characteristics and cognition were explored through analysis of
variance and the χ2 using measures from the Uniform Data Set measures.

Results
Pathology groups included 31 individuals with LATE (mean age: 80.6 ± 5.4 years), 393 with
AD (mean age: 77.8 ± 6.4 years), and 262 with LATE + AD (mean age: 77.8 ± 6.6 years)
without significant differences in sex, education, or race. Compared with participants with AD
and LATE + AD pathology, participants with LATE pathology lived significantly longer (mean
visits: LATE = 7.3 ± 3.7; AD = 5.8 ± 3.0; and LATE + AD = 5.8 ± 3.0; F(2,683) = 3.7, p < 0.05),
reported later onset of cognitive decline (mean onset: LATE = 78.8 ± 5.7; AD = 72.5 ± 7.0; and
LATE + AD = 72.9 ± 7.0; F(2,516) = 6.2, p < 0.01), and were more likely to be diagnosed as
cognitively normal at baseline (LATE = 41.9%; AD = 25.4%; and LATE + AD = 12%; χ2 = 38.7,
p < 0.001). Individuals with LATE (45.2%) also reported fewer memory complaints than those
with AD (74.4%) or LATE + AD (66.4%; χ2 = 13.3, p = 0.001) and were less likely to be
classified as impaired on the Mini-Mental State Examination (LATE = 6.5%; AD = 24.2%; and
LATE + AD = 40.1%; χ2 = 29.20, p < 0.001). Across all neuropsychological measures, par-
ticipants with LATE + AD pathology performed significantly worse than the AD and LATE
groups.

Discussion
Those with LATE pathology were older when cognitive symptoms began and lived longer than
participants with AD or LATE + AD pathology. Participants with LATE pathology were also
more likely to be classified as “cognitively normal” based on objective screening and self-report
measures, and they had higher scores on neuropsychological testing. Consistent with prior
literature, comorbid pathologies led to more significant cognitive and functional impairment.
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Early disease characteristics based on clinical presentation alone were insufficient for differentiating LATE from AD, reiterating
the need for a validated biomarker.

Limbic-predominant age-related TDP-43 encephalopathy
(LATE) is believed to be the second most common neuro-
degenerative disease, after Alzheimer disease (AD), in the
“oldest old” individuals older than 90 years.1 The neuro-
pathologic changes associated with LATE are accumulation of
phosphorylated transactive response DNA binding protein of
43 kDA (TDP-43) primarily located with limbic system, with
or without hippocampal sclerosis (HS).1 While there are no
published clinical diagnostic criteria for a clinical diagnosis of
LATE, individuals with LATE typically present with an
amnestic memory profile similar to AD.1 However, patients
with LATE typically have prominent unilateral or bilateral
hippocampal atrophy, negative amyloid and tau imaging,
negative dopamine transporter scan, and normal levels of
amyloid and phosphorylated tau in the CSF.2

Although clinical and pathologic changes associated with LATE
have been known for several years, its recognition as a possibly
discrete pathology process is relatively new. Compared with
other neurodegenerative diseases, little is known about the im-
pact of LATE neuropathologic changes (LATE-NC) on clinical
symptoms and cognition, despite the fact LATE-NC has been
found in 20%–60% of aged brains at autopsy.1,3,4 Cognitively,
patients with LATE-NC demonstrate fairly isolated impairments
in episodic memory1,5 and working memory.6 There are con-
flicting reports on the expected disease course of LATE, with
some studies suggesting a faster progression and some demon-
strating a more gradual decline relative to other neurodegener-
ative diseases.1,6,7 Some of this variability may be attributable to
the extent and location of TDP-43 pathology because lower
scores across neuropsychological measures have been associated
with the spread of TDP-43 pathology outside the amygdala.6

However, there have otherwise been few studies evaluating
LATE-specific cognitive impairments or clinical trajectories.

As people age, differential diagnosis of neurodegenerative dis-
eases based on clinical presentation alone becomes increasingly
difficult due to the combined influence of comorbid neuropa-
thologies.8 This is especially true for LATE (and likely why it was
only discovered recently) because LATE pathology affects sim-
ilar neuroanatomical networks as AD and is often comorbid with
AD, with an estimated 13%–36% of individuals having both

TDP-43 and AD neuropathologic changes (ADNC) on
autopsy.1,9 Autopsy data further suggest that a significant pro-
portion, up to 20%, of patients with clinically diagnosed ADwere
actually misdiagnosed based on neurologic examination and
neuroimaging, and patients’ cognitive decline was likely more
attributable to LATE-NC.10 There is also evidence suggesting
that comorbid LATE-NC can exacerbate AD symptoms. Not
only has the presence of both LATE-NC and ADNC been
associated with lower scores on the Mini-Mental State Exami-
nation (MMSE), but there is also evidence of more rapid cog-
nitive decline and more pronounced hippocampal atrophy in
those with comorbid pathology compared with those with AD
pathology alone.5,11

Without a validated biomarker, it will remain difficult to ac-
curately diagnose LATE, if diagnosis remains solely dependent
on the clinical presentation, given its syndromic overlap with AD.
Although it is relatively clear that the comorbid presence of
LATE-NC worsens cognition in patients with AD, the unique
profile of cognitive impairment in patients who only have LATE-
NC and how this compares with patients with pure AD and
comorbid LATE-NC and ADNC remains unclear, especially
early in the disease course. The primary aim of this study was to
further investigate the cognitive characteristics of patients with
LATE to better understand how these characteristics may differ
from patients with pure AD and patients with both LATE-NC
and ADNC. We hypothesized that patients with pure LATE
would demonstrate less impairment on nonmemory-related
neuropsychological measures, including measures of global cog-
nition, semantic knowledge, working memory, executive func-
tioning, and processing speed compared with patients with pure
AD due to the isolated nature of LATE-NC in the hippocampus.
We also expected that the presence of comorbid disease would
exacerbate cognitive impairments, with patients with comorbid
LATE + AD pathology performing worse than either LATE-NC
or ADNC alone across neuropsychological measures.

Methods
Participants
This study used data from the Alzheimer Disease Research
Center (ADRC) network, housed at the National Alzheimer

Glossary
AD = Alzheimer disease; ADNC = AD neuropathologic change; ADRC = Alzheimer Disease Research Center; ANOVA =
analysis of variance; CAA = cerebral amyloid angiopathy; FTLD = frontotemporal lobar disease; GDS = Geriatric Depression
Scale; HS = hippocampal sclerosis; LATE = limbic-predominant age-related TDP-43 encephalopathy; LATE-NC = LATE
neuropathologic change; LBD = Lewy body disease; MMSE = Mini-Mental State Examination; NACC = National Alzheimer
Coordinating Center; NIA-AA = National Institute on Aging-Alzheimer Association; TDP-43 = phosphorylated transactive
response DNA binding protein of 43 kDA; UDS = Uniform Data Set; WAIS-R = Wechsler Adult Intelligence Scale-Revised.
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Coordinating Center (NACC), which was collected between
2005 and 2020. A detailed description of NACC data col-
lection and the Uniform Data Set (UDS) is available in the
published literature.12,13 Data included in analyses were re-
stricted to deceased participants who (1) had neuropathology
data available and (2) were aged 75 years or older during
death; this resulted in 19,880 data entries. We further ex-
cluded participants with clinical diagnoses or neuropathologic
indications of frontotemporal lobar disease (FTLD), multiple
system atrophy, Down syndrome, amyotrophic lateral scle-
rosis, or prion disease or participants with missing data on the
presence of TDP-43 in the amygdala, hippocampus, or
entorhinal/inferior temporal cortex. We limited analyses to
data from baseline visits to investigate how participants ini-
tially present to clinics and research centers. With these cri-
teria, the study dataset included 686 participants who were then
grouped based on presence of pathology at autopsy: (1) evi-
dence of LATE pathology only, (2) evidence of AD pathology
only, and (3) evidence of comorbid LATE + AD pathology.

Demographic variables of interest were age, sex, race, hand-
edness, and years of education. Clinical variables of interest
included the number of UDS visits, age at symptom onset, age
during death, and disease duration, which was defined as the
time between symptom onset and death. Disease character-
istics include consensus diagnosis after the first UDS visit
(normal cognition, mild cognitive impairment, and de-
mentia), presence of motor symptoms, presence of behavioral
symptoms, participants’ reports of memory decline, and
caregivers’ reports of memory decline.

Standard Protocol Approvals, Registrations,
and Patient Consents
Written informed consent was obtained from all participants
enrolled in research at ADRCs. There is an additional optional
consent process for brain donation on death for all participants.

Neuropathology Data
Autopsy data on participants were collected using the stan-
dardized NACC Neuropathology Form.14 Because these au-
topsies are conducted at ADRCs across the country, there are
a minimum number of recommended brain regions to be
assessed.15 ADRCs conduct autopsies based on the estab-
lished criteria for the assessment of AD, Lewy body disease
(LBD), FTLD, cerebrovascular disease, and rarer neurologic
pathologies. Staining procedures and additional information re-
garding the neuropathologic examination can be found inNACC
Neuropathology Form14 and has been extensively documented.14

Most participants who have NACC Neuropathology Form
data have Braak staging for neurofibrillary degeneration
(stages 0–VI) and Consortium to Establish a Registry for
Alzheimer Disease scores for neurotic plaque density (non,
sparse, moderate, and frequent).15,16 Beginning in 2014, Thal
phase for amyloid plaques (phases 0–5) is available for par-
ticipants assessed with version 10 of the NACC Neuropa-
thology Form.17 In participants who have had Thal phase

assessed, the National Institute on Aging–Alzheimer Associ-
ation (NIA-AA) AD score is available (none, low, in-
termediate, or high AD).18 For purposes of this study, a
pathologic diagnosis of ADNCwas defined by intermediate or
high likelihood based on the NIA-AA criteria.7

Starting with version 10 of the NACCNeuropathology Form,
the presence or absence of TDP-43–immunoreactive inclu-
sions have been assessed in the amygdala, hippocampus,
entorhinal/inferior temporal cortex, and neocortex. For this
study, a pathologic diagnosis of LATE-NC was defined by the
presence of TDP-43 inclusions in the amygdala, hippocam-
pus, or entorhinal/inferior temporal cortex.19 To look at
comorbid pathologies, the presence of LBD was classified
based on a modification to the McKeith criteria to assess
brainstem-, limbic-, neocortical-, or amygdala-predominant
disease.20 Arteriolosclerosis is quantified as either none-to-
mild or moderate-to-severe, and neuropathologists addition-
ally note the presence of lacunar/gross infarcts, microinfarcts,
cerebral amyloid angiopathy (CAA), and HS. Participants
with the presence of FTLD with tau pathology, FTLD with
TDP-43 pathology, and other FTLD subtypes were excluded
from the study.

Neuropsychological Data
The neuropsychological test battery from the UDS consists of
brief measures of episodic memory, attention, processing
speed, language, visual spatial abilities, and executive func-
tioning. There are 2 versions of the neuropsychological bat-
tery, C1 and C2. Version C1 contained the following
neuropsychological assessments: MMSE, Wechsler Memory
Scale-Revised Logical Memory, Benson Complex Figure
Copy, Wechsler Adult Intelligence Scale-Revised (WAIS-R)
Digit Span andDigit-Symbol, Category Fluency, Trail Making
Test, Phonemic Fluency, and Boston Naming Test–Short
Form, and it has been well validated to detect cognitive aging
and the early stages of AD.21 In 2015, version C2 was released,
which replaced proprietary tests with nonproprietary tests.13

Because most of the participants with autopsy data were ad-
ministered version C1, the raw scores from primary indices for
the MMSE (out of 30 points), Logical Memory (out of 25
points), Category Fluency, Boston Naming Test–Short Form
(out of 30 points), Trail Making Test A and B, Digit-Symbol,
and Digit Span Forward and Backward from C1 were used in
analyses. Data from version C2 were not included in this
study, given the change in cognitive measures. Consistent
with prior literature, participants were classified as impaired
on the MMSE if their total score was ≤ 23.22 Given the presence
of mood symptoms in many neurodegenerative diseases, total
scores on the Geriatric Depression Scale (GDS) were analyzed.
To assess functional decline, the total score from the Functional
Assessment Scale was also analyzed.

Analyses
All statistical analyses were completed using IBM SPSS
(version 26 or 28). Categorical variables, including sex, race,
handedness, APOE status, consensus diagnosis, presence of

Neurology.org/N Neurology | Volume 100, Number 19 | May 9, 2023 e2029

http://neurology.org/n


behavior and motor symptoms, reported memory loss, and
comorbid pathologies, were summarized using frequency and
percentage. Continuous variables, including age, education,
number of UDS visits, age at initial visit, age at initial symptoms,
age at death, and disease duration (defined as time between onset
of symptoms and death), were summarized usingmean value and
SD. Differences in patient demographics, clinical characteristics,
comorbid pathologies, and impairment classification on the
MMSE between the 3 pathology groups were assessed through
χ2 tests for categorical variables. Owing to small sample sizes in
some tabulated cells, we report the likelihood ratio χ2 test results.
If overall significance was found, we used Bonferroni-adjusted
post hoc tests to determine which pathology groups differed at α
= 0.05. Uninformative responses (e.g., “no coparticipation” or
“unknown”) were not retained for analyses; removal did not
affect the statistical outcome of the global tests. Univariate anal-
ysis of variance (ANOVA) was used for continuous variables.

Differences in cognition between groups were assessed with
ANOVA using neuropsychological variables as primary out-
comes. Post hoc comparisons using the Bonferroni adjustment
to maintain a type I error rate of 0.05 for multiple comparisons
were conducted when main effect results were significant.

Data Availability
Qualified researchers may obtain access to all deidentified
clinical, cognitive, and autopsy data used for this study by
submitting a request to NACC (naccdata.org/requesting-
data/data-request-process).

Results
Of the 686 participants included, 31 met criteria for LATE-
NC without the presence of ADNC, 393 participants met

criteria for ADNC without the presence of LATE-NC, and
262 participants met criteria for comorbid LATE + AD. There
were no significant differences between groups on age at first
visit, sex, race, handedness, education, or disease duration
(Table 1).

Participants with LATE-NC had significantly more UDS visits
from the time of enrollment to the time of death (F(2,683) =
3.7, p < 0.05) than ADNC or LATE + AD groups. Participants
with LATE-NC were also less likely to have an APOE4 allele
and were older when cognitive symptom emerged (F(2,516)
= 6.2, p < 0.01) and during death (F(2,685) = 5.6, p < 0.01)
than the ADNC and LATE + AD groups (Table 1).

Clinical Characteristics
The proportion of patients diagnosed as cognitively normal at
their initial visit was higher in the pure LATE (41.9%) and
pure AD (25.4%) groups than in the LATE + AD (12%)
pathology group (χ2 = 38.7, p < 0.001). There were also
differences in participant-reported memory decline between
pathology groups, with individuals with LATE-NC reporting
significantly fewer memory complaints than those with
ADNC or LATE + AD (χ2 = 13.3, p = 0.001). Caregiver-
reported memory decline also differed between groups (χ2 =
24.7, p < 0.001), with the highest prevalence reported from
those caring for people with LATE + AD; however, caregiver-
reported memory concerns did not differ between those with
ADNC and LATE-NC alone. There were no differences in
the prevalence of behavioral changes or motor symptoms
between groups (Table 2).

Comorbid Pathology
Regarding additional comorbidities, there were no differences
in the prevalence of arteriolosclerosis between groups (χ2 =
3.1, p = 0.209). Regarding the presence of unilateral or

Table 1 Participant Demographics by Neuropathologic Group

LATE (n = 31) AD (n = 393) LATE + AD (n = 262) Group differences

Sex, female, % 54.8 50.4 53.8 χ2 = 0.856; p = 0.652

Race, White, % 87.1 94.7 92.4 χ2 = 5.54; p = 0.488

Handedness, right, % 93.5 91.9 91.2 χ2 = 1.46; p = 0.962

APOE4 negative, % 83.9 40.7 32.4 χ2 = 36.1; p < 0.001

Education, mean (SD) 16.8 (2.9) 15.5 (2.9) 15.4 (3.2) F = 2.4; p = 0.091

No. of UDS visits, mean (SD) 7.3 (3.7) 5.8 (3.0) 5.8 (3.0) F = 3.7; p = 0.025

Age at initial visit, mean (SD) 80.6 (5.4) 77.8 (6.4) 77.8 (6.6) F = 2.7; p = 0.067

Age at initial symptoms, mean (SD) 78.8 (5.7) 72.5 (7.0) 72.9 (7.0) F = 6.2; p = 0.002a

Age at death, mean (SD) 89.5 (5.3) 85.4 (6.6) 85.7 (6.6) F = 5.6; p = 0.004a

Disease duration, mean (SD) 8.9 (3.3) 7.5 (3.3) 7.9 (3.1) F = 2.9; p = 0.06

Abbreviations: AD = Alzheimer disease; ANOVA = analysis of variance; LATE = limbic-predominant age-related TDP-43 encephalopathy; UDS = Uniform Data
Set.
Values denotedwith a indicate significance at p < 0.01. F-test valueswere obtained from1-way ANOVA. Values in bold identify variables where those with LATE
differed from those with AD and LATE + AD.

e2030 Neurology | Volume 100, Number 19 | May 9, 2023 Neurology.org/N

https://naccdata.org/requesting-data/data-request-process
https://naccdata.org/requesting-data/data-request-process
http://neurology.org/n


bilateral HS, the LATE-NC group and comorbid LATE + AD
group had significantly more people with HS than the ADNC
group (χ2 = 63.3, p < 0.001). Finally, individuals in the LATE
+ AD group had significantly higher presence of CAA (85.5%
of participants), followed by the ADNC group (74.6%), and
the LATE-NC group (48.4%; χ2 = 24.8, p < 0.001). There
were no significant differences between groups on the pres-
ence of infarcts or lacunes, microinfarcts, or Lewy body pa-
thology (Table 3).

Neuropsychological Measures
Differences in raw scores on neuropsychological measures
between pathology groups are presented in Figure. There
were significant differences between groups on total MMSE
score (F(2,620) = 15.3, p < 0.001). Post hoc analyses revealed
differences between each group, with the LATE-NC per-
forming better than the ADNC group, and both the LATE-
NC and ADNC groups performing better than those with
comorbid pathology. Using a cutoff score of ≤23, there was a
significant difference between pathology groups on the

percentage of participants with an impaired score (χ2 = 29.20,
p < 0.001). Among those with LATE-NC, 6.5% of participants
were classified as impaired at baseline, compared with 24.2%
of those with ADNC and 40.1% of those with LATE + AD.
Logical Memory learning also differed between groups
(F(2,604) = 14.4, p < 0.001), with the LATE + AD group
showing the worst performance; there were no significant
differences between the LATE-NC and ADNC groups.
Logical Memory delayed recall followed a similar pattern, with
the LATE + AD group performing worse than both the
LATE-NC group and the ADNC group; there were again no
significant differences between the LATE-NC and ADNC
groups. The Boston Naming Test–Short Form (BNT-SF)
also differed between groups (F(2,595) = 11.4, p < 0.001),
with the LATE + AD group again performing worse than the
LATE-NC group and the ADNC group, but the LATE-NC
and ADNC groups did not significantly differ. Category flu-
ency also differed between pathology groups (F(2,636) =
10.0, p < 0.001) and again showed that for animal naming, the
LATE-NC group performed the best, followed by the ADNC

Table 2 Phenotypic Characterization by Neuropathologic Group

LATE (n = 31) AD (n = 393) LATE + AD (n = 262) Group differences

Consensus diagnosis at initial visit, %

Normal 41.9 25.4 12.2 χ2 = 38.7; p < 0.001a

MCI 35.5 22.9 22.1

Dementia 19.4 47.3 63.0

Presence of behavior symptoms, % 35.5 52.9 53.8 χ2 = 23.3; p = 0.39

Presence of motor symptoms, % 19.4 26.0 26.3 χ2 = 6.2; p = 0.80

Memory decline: participant rated, % 45.2 66.4 74.4 χ2 = 14.10; p = 0.007a

Memory decline: caregiver reported, % 51.6 70.2 85.1 χ2 = 37.29; p < 0.001a

Abbreviations: AD = Alzheimer disease; LATE = limbic-predominant age-related TDP-43 encephalopathy; MCI = mild cognitive impairment.
Values denotedwith a indicate significance at p < 0.01. Values in bold represent a neuropathologic group that is significantly different from the other 2 groups.

Table 3 Comorbid Pathologies by Group

LATE (n = 31) AD (n = 393) LATE + AD (n = 262) Group differences

Infarcts and lacunes, % 71.0 81.7 85.9 χ2 = 7.8; p = 0.26

Arteriolosclerosis, % 64.5 50.9 65.3 χ2 = 3.1; p = 0.21

Microinfarcts, % 32.3 26.7 27.9 χ2 = 1.1; p = 0.89

Lewy body pathology, % 48.4 43.3 49.6 χ2 = 13.7; p = 0.185

Hippocampal sclerosis, % 32.3 6.1b 27.8 χ2 = 63.3; p < 0.001a

Cerebral amyloid angiopathy, % 48.4c 74.5b 85.4 χ2 = 24.8; p = < 0.001a

Abbreviations: AD = Alzheimer disease; LATE = limbic-predominant age-related TDP-43 encephalopathy.
Values denoted with a indicate significance at p < 0.01. b and c signify group differences surviving post hoc analyses. Arteriolosclerosis percentage reflects
proportion withmoderate-to-severe disease. For hippocampal sclerosis, the AD group had fewer people than the LATE or LATE + AD group, but the LATE and
LATE +AD groups did not differ. For cerebral amyloid angiopathy, all 3 groups differed fromeach other, with the LATE grouphaving the fewest peoplewith the
condition.
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group, both of which performed significantly better than the
LATE + AD group; similar differences were also observed for
vegetable naming. Significant differences emerged on the
Trail Making Test B (F(2,549) = 4.2, p < 0.05), with the
LATE + AD group performing worse than the LATE-NC
group. There were no significant differences between the
LATE-NC and ADNC groups and the ADNC and LATE +
AD groups on post hoc analyses. Finally, significant differ-
ences emerged on WAIS-R Digit Symbol measure (F(2,556)
= 7.8, p < 0.001) with the LATE + AD group performing
worse than the LATE-NC group and the ADNC group. There
were no significant differences between the LATE-NC and
ADNC groups on post hoc analyses. There were no significant
differences between groups on Digit Span Forward or Trail
Making Test A, and although Digit Span Backward was signifi-
cantly different between the 3 groups (F(2,606) = 3.5, p = 0.03),
this significant difference did not withstand post hoc comparisons.

Regarding functional status, there were significant differences
between groups on the level of functional impairment
reported (F(2,662) = 12.0, p < 0.001), with the LATE + AD
group reporting more functional impairment than the LATE-
NC group and the ADNC group. There were no significant
differences between the LATE-NC and ADNC group on post
hoc analyses. There were no significant differences found
between groups on the GDS.

Discussion
In an autopsy-confirmed sample, we found that there are clear
differences at initial presentation between those with LATE

pathology relative to those with AD pathology and comorbid
AD + LATE. Perhaps most notably, patients who are ulti-
mately found to possess LATE pathologic changes on autopsy
are more likely to be classified at baseline as cognitively
normal based on consensus diagnosis. They also have fewer
subjective memory complaints compared with those with
ADNC or comorbid disease and are more likely to perform
normally on cognitive screenings (e.g., MMSE). Taken to-
gether, these findings demonstrate that those with LATE-NC
are initially presenting as cognitively healthy individuals with
few cognitive complaints. Patients with LATE-NC are also
likely to be older during initial symptom onset and older
during death, though these participants demonstrated a
shorter disease duration than patients with ADNC or LATE +
AD. Consistent with the prior literature, participants with
comorbid LATE + AD had significantly worse cognitive
performance across measures of memory, language, working
memory, and processing speed than either pathology alone,
reiterating that the presence of comorbid pathologies leads to
more cognitive impairment and a faster trajectory of cognitive
decline.5-7,23

Currently, there are no established in vivo diagnostic criteria
for LATE. Differentiating participants with LATE from AD
requires autopsy data or confirmatory rule out with AD bio-
markers (e.g., amyloid or tau PET scan or CSF studies),
though this remains particularly challenging in the absence of
supporting biomarkers, especially early in the disease course
(e.g., screening visits). Our findings show that individuals with
LATE initially present with fewer cognitive and functional
complaints than individuals with AD or comorbid LATE +

Figure Neuropsychological Test Performance by Pathology Group

Anim=Animal Naming; BNT = BostonNaming Test-Short Form; DSB =Digit Span Backward; DSF =Digit Span Forward; DSym=Digit Symbol Substitution; LM1
= Logical Memory I; LM2 = Logical Memory 2; MMSE = Mini-Mental State Examination; TMT-A = Trail Making Test, A; TMT-B = Trail Making Test, B; Veg =
Vegetable Naming. All values represent raw, unadjusted performance. Values denoted with * have been divided by 10 for ease of visualization.
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AD, which is reflected on objective measures of cognition.
Across measures of memory, semantic knowledge, working
memory, and processing speed, participants with LATE per-
formed better than participants with AD and LATE + AD.
However, post hoc analyses indicated that objective cognitive
testing is better at differentiating the comorbid disease process
from either disease on its own, but differences between the pure,
single pathology groups were less clear. Out of all the cognitive
measures assessed, the MMSE total score was the only measure
to show significant differences among all 3 groups.

Our finding that participants with LATE-NC are more likely
to initially present to clinics with cognitive performances
within the normal range has a significant impact for research,
especially clinical trials and observational studies of aging.
While highly sensitive AD biomarkers (e.g., amyloid PET) can
be used to determine eligibility and study enrollment in in-
tervention trials, these measures are expensive and labor in-
tensive. Many research studies rely heavily on the clinical
presentation, augmented by objective cognitive measures and
screenings, such as the MMSE or Montreal Cognitive As-
sessment. Our findings suggest that individuals with LATE
pathology have a significantly higher likelihood of being
classified as normal and would thus have been enrolled in the
control group. This contamination of participants in a control
group with abnormal neuropathology would be a serious
threat to the internal validity of the trial and thus undermine
the ability to detect the impact of the AD intervention. These
findings highlight the importance of including additional ad-
vanced biomarkers, not just for AD pathology but for addi-
tional pathologies, when screening participants for study
inclusion, such as fluorodeoxyglucose-PET imaging, and re-
lying less on cognitive screening measures. Our findings also
lend further support for calls to develop a fluid or imaging
biomarker specific to LATE-NC, which would improve both
trial enrollment and our ability to learn more about LATE,
especially early in the disease course.

In our study, participants with LATE were older at the age at
symptom onset and older at the age of death, consistent with
the prior literature suggesting LATE symptoms typically de-
velop later than AD symptoms.1 Contrary to other studies in
the literature, however, our findings suggest that participants
with LATE have a similar disease duration defined as time
between onset of cognitive symptoms and death, compared
with participants with AD and comorbid disease. This may be
because many people with LATE-NC are likely to have very
subtle (if any) cognitive impairment during the initial stages
of disease, only reporting onset of symptoms later in the
disease course due to a higher burden of neuropathology. We
recognize that this is at odds with prior studies that have found
that participants with LATE pathology have a slower trajec-
tory of cognitive decline, while participants with LATE + AD
tend to have a more rapid rate of decline.1,6,7 These prior
studies tended to use mixed-effect models to determine the
rate of cognitive decline over time between participants with
and without LATE pathology, while our study exclusively

examined the length of time between symptom onset and
death. Our findings are similar to those from Boyle et al.23 on
the predicted trajectory of cognitive decline, who found that
individuals with TDP-43 pathology had a shorter time between
symptom onset and death compared with AD, LBD, and cere-
brovascular disease. Further longitudinal research is needed to
track the progression of individuals with LATE pathology.

When comorbid pathology was investigated, participants with
any LATE pathology had significantly more participants with
unilateral or bilateral HS than the pure AD, which is consistent
with the potential diagnostic criteria for LATE. Not surprisingly,
individuals with any AD pathology on autopsy had higher levels
of CAA than individuals with pure LATE pathology.

There are several limitations to this study. First, we had a
significantly lower number of participants with pure LATE
pathology, which stems from the fact that autopsy data on
TDP-43 inclusions in the limbic systemwere not included as a
standard until 2014. Because of this, it is possible that indi-
viduals in the AD group may have also had LATE pathology,
but because it was not evaluated, these participants were di-
agnosed with AD. Moreover, our sample of people with evi-
dence of LATE-NC was underpowered for subgroup analyses
based on clinical disease stages, which should be explored in
the future. Second, we chose to examine initial visits, which
often used the C1 neuropsychological battery. As such, there
are no normative data or age-adjusted standardized scores
available for these measures. Because this research in-
vestigated differences in the raw scores, it was difficult to
investigate clinically meaningful differences between cognitive
profiles; however, given that consensus diagnoses were
available and likely based on standardized interpretation, it is a
reasonable assumption that clinical interpretations of the
baseline neuropsychological data would have been norma-
tively intact. Future research should focus on investigating
cognitive differences between AD, LATE, and comorbid pa-
thology using normative data to investigate meaningful dif-
ferences to further investigate whether LATE has a distinct
profile of cognitive impairments compared with the norma-
tive sample. We also chose to focus on the cognitive differ-
ences between groups though there is certainly interest in
understanding whether there are any psychiatric and behav-
ioral differences. The present dataset had limited information
of behavioral changes beyond clinician ratings, though this is
certainly another direction for targeted study.7,24

It is also important to note that while incredibly rich in many
ways, the representativeness of the NACC dataset sample is
biased toward older adults who are primarily non-Hispanic
White, highly educated, and from higher socioeconomic
backgrounds. The extent to which these findings generalize to
racially and ethnically diverse populations and those from
areas of greater neighborhood disadvantage is unclear but is
an incredibly important area for further inquiry. Moreover,
the NACC dataset is enriched for AD and as such has many
APOE+ individuals. This may explain the relatively low rate of
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LATE on its own in our cohort relative to recently published
data from an aggregated community-based cohort.25 Finally,
future studies should focus on the diagnosis of LATE in vivo,
such as investigating the ratio of hippocampal atrophy to
whole brain atrophy when both LATE and AD are possible
differential diagnoses.
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