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Abstract
Transactive response DNA-binding protein 43 kDa (TDP-43) is

aberrantly aggregated and phosphorylated in frontotemporal lobar

degeneration of the TDP-43 type (FTLD-TDP), and in limbic-

predominant age-related TDP-43 encephalopathy neuropathologic

change (LATE-NC). We examined data from the National Alz-

heimer’s Coordinating Center to compare clinical features of

autopsy-confirmed LATE-NC and FTLD-TDP. A total of 265

LATE-NC and 92 FTLD-TDP participants were included. Cognitive

and behavioral symptoms were compared, stratified by level of im-

pairment based on global clinical dementia rating (CDR) score.

LATE-NC participants were older at death, more likely to carry

APOE e4, more likely to have Alzheimer disease neuropathology,

and had lower (i.e. less severe) final CDR global scores than those

with FTLD-TDP. Participants with FTLD-TDP were more likely to

present with primary progressive aphasia, or behavior problems

such as apathy, disinhibition, and personality changes. Among par-

ticipants with final CDR score of 2–3, those with LATE-NC were

more likely to have visuospatial impairment, delusions, and/or visual

hallucinations. These differences were robust after sensitivity analy-

ses excluding older (�80 years at death), LATE-NC stage 3, or se-

vere Alzheimer cases. Overall, FTLD-TDP was more globally

severe, and affected younger participants, whereas psychoses were

more common in LATE-NC.

Key Words: Frontotemporal, FTD, Neuropsychiatric, Plaques,

Tangles.

INTRODUCTION
Limbic-predominant age-related transactive response

DNA-binding protein 43 kDa (TDP-43) encephalopathy neu-
ropathologic change (LATE-NC) is increasingly being recog-
nized as a common contributor to cognitive impairment,
especially in older age. Abnormally phosphorylated TDP-43
has also been found in other neurodegenerative diseases, in-
cluding amyotrophic lateral sclerosis (ALS) and frontotempo-
ral lobe degeneration (FTLD-TDP) (1–3). LATE-NC implies
the presence of TDP-43 proteinopathy in one or more of the
amygdala, hippocampus, and/or middle frontal gyrus (4), in an
anatomic pattern that can usually be discriminated from
FTLD-TDP pathology (5). LATE-NC was detected in over
20% of brains in community autopsy series and is especially
common (up to 50%) in people over 80 years (4, 6). LATE-NC
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often co-exists with Alzheimer disease neuropathologic
change (ADNC) and/or other neuropathologic entities (7).

This is a fast-moving field, and some controversy
exists—particularly in how LATE-NC overlaps with FTLD-
TDP and ADNC, both in terms of neuropathologic characteris-
tics and clinical implications (4, 5, 8, 9). It has been suggested
that FTLD-TDP and LATE-NC are part of the same spectrum,
or that TDP-43 proteinopathy is an “additive” co-pathology
with ADNC and therefore requires no diagnostic terminology.
However, there are compelling grounds for LATE-NC being a
useful diagnostic term. FTLD-TDP is a far rarer condition (i.e.
�1:1000 lifetime risk) that tends to occur in a younger age
group and to present with a wide range of possible neurologic
consequences depending on the subtype and the individual,
such as behavioral changes (e.g. disinhibition, apathy), lan-
guage difficulties (e.g. semantic dementia, nonfluent aphasia),
and/or cognitive decline (10, 11). By contrast, LATE-NC is
far more common, tends to occur in older age, and to present
with cognitive decline with similar characteristics, but milder,
to that of ADNC (12, 13). In cases with ADNC, those with co-
morbid LATE-NC have a relatively more severe cognitive im-
pairment compared to those with ADNC alone (6, 14–17).

Relatively few studies have been focused on comparing
the clinical features of LATE-NC and FTLD-TDP. One article
used a clustering algorithm to detect groupings of types of
neuropathologic change and associated those groups with
symptoms. Persons with FTLD-TDP had greater degrees of
appetite problems, disinhibition, and primary progressive
aphasia (PPA). Persons with LATE-NC had cognitive decline,
which was relatively slow when it existed in isolation, but
more rapid when it co-existed with ADNC and Lewy body dis-
ease (18).

Given the high prevalence of LATE-NC, it is important
to have better understanding of its cognitive implications and
health burden. In addition, being able to differentiate the clini-
cal syndromes associated with LATE-NC and FTLD-TDP and
their differing prognoses could help with the management of
individual patients. For these reasons, we sought to examine
how symptomatic presentation and cognitive performances
compared between persons with autopsy-confirmed LATE-
NC and FTLD-TDP.

MATERIALS AND METHODS

Participants and Data Source
Data were obtained from the National Alzheimer’s Co-

ordinating Center (NACC), which is the data repository for
past and present Alzheimer’s Disease Research Centers
(ADRC) funded by the National Institute of Aging (NIA). Par-
ticipants are assessed using the standardized Uniform Data Set
(UDS) approximately annually at their local ADRC. The UDS
collects a robust set of data including participant demo-
graphics, health history, physical and neurological exams,
Alzheimer disease (AD) and related dementias symptomol-
ogy, the clinical dementia rating (CDR) Dementia Staging In-
strument plus NACC FTLD Behavior and Language
Domains, and a neuropsychological test battery. Participants
who met the study’s eligibility criteria were selected from the

September 2020 data freeze and included cross-sectional data
from the participant’s most recent UDS visit prior to death,
collected from January 2012 through December 2019. Addi-
tional details about the UDS are described elsewhere (19–23).
ADRCs obtained written informed consent from their partici-
pants and maintain their own separate IRB review and ap-
proval from their institution prior to submitting data to NACC.

Neuropathologic Features
Standardized data collection on neuropathological fea-

tures present at the time of death are available for participants
who were assessed with the UDS and who consented to au-
topsy (19, 23). The NACC neuropathology (NP) form is used
by the ADRCs and provides guidance based on established cri-
teria for evaluation of the presence of amyloid, tau, TDP-43,
a-synuclein, cerebrovascular injuries, as well as rare patholo-
gies like Huntington disease. Version 10 of the NACC NP
(NPv10) form, implemented in January 2014, introduced the
assessment of FTLD-TDP and more generally, the presence of
TDP-43 immunoreactive inclusions in the spinal cord, amyg-
dala, hippocampus, entorhinal/inferior temporal cortex, and
neocortex. In this study, LATE-NC was defined as the pres-
ence of TDP-43 inclusions in amygdala, hippocampus, and/or
neocortex, and the absence of an overall diagnosis of FTLD-
TDP. Determination of FTLD-TDP was based on clinical-
pathological consensus at the respective ADRCs. Final FTLD-
TDP consensus diagnosis is made by a team of clinicians at
the ADRCs, usually primarily by a neuropathologist in consul-
tation with a behavioral neurologist trained in dementia
diagnosis.

Inclusion Criteria
Our sample includes participants who died within

3 years of their last UDS visit and have NP data from the
NPv10 form. We excluded participants with rare pathologies
present (such as Down syndrome, pigment-spheroid degenera-
tion/neurodegeneration with brain iron accumulation (NBIA),
multiple system atrophy, trinucleotide disease, Huntington
disease, Spinocerebellar ataxia (SCA), other), malformation
of cortical development, metabolic/storage disorder of any
type, white matter disease (leukodystrophy, multiple sclerosis
or other demyelinating disease), contusion/traumatic brain in-
jury of any type (acute or chronic), neoplasm (primary or met-
astatic), infectious process of any type (encephalitis, abscess,
etc.), herniation (any site), Prion disease, FTLD-tau, ALS/mo-
tor neuron disease, cerebral autosomal dominant arteriopathy
with subcortical infarcts and leukoencephalopathy, or other
FTLD. Participants were also excluded if they were missing
data on the presence of TDP-43 inclusions in the amygdala,
hippocampus, and neocortex, or the presence of FTLD-TDP.

Statistical Analyses
To compare the demographic characteristics, clinical

measures, and neuropathologic features between LATE-NC
and FTLD-TDP groups, Pearson’s chi-square or Fisher exact
tests for the categorical variables, and two-sample t-tests for
the continuous variables were applied. Clinical characteristics
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examined included age at death, presence of the APOE e4 al-
lele, cognitive status at most recent UDS visit, presumptive
etiologic diagnosis at most recent visit, and domain and global
CDR scores at most recent UDS visit, including the NACC
FTLD Behavior and Language Domains. Neuropathologic
features investigated include Thal phase, Braak stage, neuritic
plaque density, Lewy bodies, hippocampal sclerosis (HS),
brain arteriolosclerosis, infarcts or lacunes, microinfarcts, and
hemorrhages and microbleeds. Separate linear regression
models unadjusted and adjusted for covariates were run for
CDR sum of boxes (CDR-SB), comparing LATE-NC with
FTLD-TDP as a reference group. The covariates included
known confounders in dementia research (i.e. age at death,
sex, years of education), or potential confounders in the rela-
tionship between LATE-NC or FTLD-TDP with CDR-SB that
were found to have significantly different (at p< 0.05) distri-
butions between our LATE-NC and FTLD-TDP samples (i.e.
AD neuropathologic change, presence of Lewy bodies, and
presence of microinfarcts). Models were stratified by global
CDR score (i.e. CDR ¼ 0.5–1 and 2–3) to examine whether
differences are present within groups of participants with simi-
lar severity of cognitive impairment. Differences in the pres-
ence of cognitive and behavioral symptoms, assessed based on
clinician judgment, were also investigated using Pearson’s
chi-square or Fisher exact tests, and these comparisons were
also stratified by global CDR score. All analyses were run us-
ing SAS version 9.4. We used p< 0.05 as the level of statisti-
cal significance.

We also ran several sensitivity analyses to assess the ro-
bustness of the comparisons of LATE-NC and FTLD-TDP.
These reflect various assumptions about the definitions and
delineations of the 2 entities. First, we re-ran the analyses us-
ing a more restrictive definition of LATE-NC. A hallmark of
FTLD-TDP is often the presence of TDP-43 in the middle
frontal gyrus. Although TDP-43 proteinopathy can occur in
the third stage of LATE-NC, it is usually minimal. Hence, we
repeated the analyses deleting participants with stage 3
LATE-NC (i.e. TDP-43 in middle frontal gyrus). Second, we
re-ran the analyses using a more restrictive definitions as
regards co-occurrence of ADNC. LATE-NC and ADNC often
occur together and their co-occurrence is associated with
worsened cognitive symptoms. Hence, we repeated the analy-
ses deleting participants with high degrees of ADNC. Third,
we re-ran the analyses restricting the sample to only younger
participants. The 2 groups differed by age, with LATE-NC
having a mean age at death of 11 years older than FTLD-TDP
(Table 1). There is also debate as to whether the 2 disorders in-
volve same NP, but with different manifestations at different
ages. Hence, we repeated the analyses only looking at the
group of participants who died younger, at ages 50–79 years.

RESULTS
The analytic sample included 357 participants: 265

with LATE-NC and 92 with FTLD-TDP (Fig. 1). There was
a significant difference in the mean age at death: those
with LATE-NC (mean 83.6 years, standard deviation [SD]
9.1 years) were older than those with FTLD-TDP (mean
72.3 years, SD 9.7 years, p< 0.001; Table 1). Over 80% of

LATE-NC cases were presumed to have AD clinically at their
most recent visit prior to autopsy; other diagnoses included
Lewy body disease (4.5%) and frontotemporal disorders
(3.0%). Those with FTLD-TDP were predominantly diagnosed
clinically with frontotemporal disorders (75%) or AD (24%).
For participants with FTLD-TDP (n¼ 92), additional catego-
ries of dementia subtypes included: semantic PPA: 18.5%;
nonfluent/agrammatic PPA: 4.4%; behavioral variant fronto-
temporal dementia (bvFTD) syndrome: 46.7%; PPA not other-
wise specified: 4.4%.

Participants with LATE-NC were 2 times more likely
than the FTLD-TDP group to be an APOE e4 carrier (59.6%
vs 29.1%, p< 0.001). Despite being more likely to have this
dementia risk allele, the LATE-NC group had less severe
global CDR scores at their most recent visit prior to death
compared to those with FTLD-TDP.

Participants with LATE-NC were more likely to have
more severe Thal A-beta phase, Braak neurofibrillary tangle
stage, and CERAD neuritic plaque density compared with
FTLD-TDP (Table 2). As such, 88.2% of the LATE-NC group
had intermediate or high AD neuropathologic change com-
pared to 20.7% of those with FTLD-TDP (p< 0.001). LATE-
NC was also more likely to have Lewy bodies (p< 0.001) and
microinfarcts (p¼ 0.006) present as co-pathologic features.
No differences were observed between the 2 groups for HS or
hemorrhages/microbleeds. LATE-NC participants were more
likely to have moderate to severe brain arteriolosclerosis and
infarcts/lacunes present compared to FTLD-TDP.

When examining the domain scores of the global CDR,
we observed more severe cognitive symptoms among FTLD-
TDP in all 8 domains (p< 0.001; Fig. 2). For example, 84.7%
of FTLD-TDP participants had moderate to severe impairment
in judgment and problem solving, compared to 69.5% of those
with LATE-NC. Behavior and language domains, which are
captured on the CDR plus NACC FTLD, showed an even
starker contrast between the 2 groups with 20%–30% of
LATE-NC participants reported as not having impairment in
these domains compared to approximately 10% or less of the
FTLD-TDP group. Approximately 40% of LATE-NC partici-
pants had moderate to severe impairment in these domains,
compared to over 70% of those with FTLD-TDP.

No differences in CDR-SB scores were detected be-
tween the 2 groups among those with global CDR ¼ 0.5–1 or
mild impairment; however, participants with more severe im-
pairment showed differences in CDR-SB where those with
FTLD-TDP performed worse than those with LATE-NC
(p¼ 0.04). This difference remained statistically significant
after adjusting for covariates, including co-occurring neuropa-
thologies, such as ADNC (p¼ 0.01; Table 3).

Several differences between LATE-NC and FTLD-TDP
emerged when examining cognitive and behavioral symptoms
present at the most recent visit prior to death, as determined by
clinicians’ judgment (Table 4). Among participants with
milder impairment (i.e. CDR ¼ 0.5–1), a larger proportion of
participants with FTLD-TDP demonstrated apathy (p¼ 0.01),
disinhibition (p¼ 0.01), and personality changes (p< 0.001),
symptoms typically associated with behavioral variant fronto-
temporal dementia (bvFTD). These differences were also ob-
served among those with more severe impairment (i.e. CDR¼
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2–3). Nearly 99% of FTLD-TDP participants exhibited
impairments in language, compared to 91% of LATE-NC par-
ticipants (p¼ 0.02). LATE-NC participants with severe im-
pairment were more likely to have problems with visuospatial
function compared to those with FTLD-TDP (83.4% vs
62.9%, p< 0.001). The severely impaired LATE-NC sample
also experienced symptoms of psychosis at a higher percent-
age than those with FTLD-TDP. Approximately 18% of those
with LATE-NC experienced visual hallucinations compared
to less than 3% of the FTLD-TDP sample (p¼ 0.002). Simi-
larly, LATE-NC participants with severe impairment were 3
times more likely to experience delusions than their FTLD-
TDP counterparts (p¼ 0.002).

We ran several sensitivity analyses. The first used a
more restrictive definition of LATE-NC, in which only stages
1 and 2 were included (and stage 3 deleted). We found mini-
mal changes compared with the main analyses (Supplemen-
tary Data Table S1). Significantly worsened performance of
the FTLD-TDP group on adjusted CDR-SB scores persisted
for the CDR ¼ 2–3 strata (Table 3 and Supplementary Data
Table S1A). Out of 11 cognitive and behavioral symptoms
that were significantly different between LATE-NC and
FTLD-TDP on the main analysis (Table 4), 10 were still sig-
nificantly different on the first sensitivity analysis (Supple-
mentary Data Table S1B). Likewise, when examining the
domain scores of the global CDR, we observed more severe

TABLE 1. Participant Demographic and Clinical Characteristics Among LATE-NC and FTLD-TDP

LATE-NC (n¼ 265) FTLD-TDP (n¼ 92) p value*

Age at death, mean (SD) 83.6 (9.1) 72.3 (9.7) <0.001

Female, n (%) 134 (50.6) 45 (48.9) 0.78

Non-white race, n (%) 20 (7.6) 2 (2.2) 0.06

Years of education, mean (SD) 16.0 (2.9) 16.0 (2.7) 0.91

APOE e4 carrier, n (%) 146 (59.6) 23 (29.1) <0.001

Cognitive status, n (%) 0.13

Normal cognition 10 (3.8) 0 (0.0)

MCI 11 (4.2) 2 (2.2)

Impaired, not MCI 3 (1.1) 0 (0.0)

Dementia 241 (90.9) 90 (97.8)

Primary clinical diagnosis, n (%) <0.001

Normal cognition 10 (3.8) 0 (0.0)

Alzheimer disease 218 (82.3) 22 (23.9)

Lewy body disease 12 (4.5) 0 (0.0)

Frontotemporal disorders 8 (3.0) 69 (75.0)

Other 17 (6.4) 1 (1.1)

CDR, sum of boxes 12.4 (5.5) 14.8 (4.5) <0.001

CDR, global score <0.001

None 10 (3.8) 0 (0.0)

Questionable 22 (8.3) 3 (3.3)

Mild 37 (14.0) 10 (10.9)

Moderate 78 (29.4) 14 (15.2)

Severe 118 (44.5) 65 (70.7)

Missing: LATE-NC education (n¼ 3), race (n¼ 1), APOE genotype (n¼ 20); FTLD-TDP education (n¼ 1), APOE genotype (n¼ 13).
CDR, Clinical Dementia Rating; MCI, mild cognitive impairment; SD, standard deviation.
*Differences between groups were tested using t-tests for continuous variables, and chi-square or Fisher exact test analysis for categorical variables. Bold values indicate signifi-

cance at the 0.05 level.

FIGURE 1. Sample inclusion and exclusion criteria.

J Neuropathol Exp Neurol • Volume 80, Number 11, November 2021 Clinical Comparison of LATE-NC and FTLD-TDP

1027

https://academic.oup.com/jnen/article-lookup/doi/10.1093/jnen/nlab098#supplementary-data
https://academic.oup.com/jnen/article-lookup/doi/10.1093/jnen/nlab098#supplementary-data
https://academic.oup.com/jnen/article-lookup/doi/10.1093/jnen/nlab098#supplementary-data
https://academic.oup.com/jnen/article-lookup/doi/10.1093/jnen/nlab098#supplementary-data
https://academic.oup.com/jnen/article-lookup/doi/10.1093/jnen/nlab098#supplementary-data


cognitive symptoms among FTLD-TDP in all 8 domains in
the main analysis (Fig. 2), all of which were also significantly
different on sensitivity analysis (Supplementary Data Table
S1C).

The second sensitivity analysis excluded participants
with high ADNC from both LATE-NC and FTLD-TDP. In the
main analysis, participants in the more severely impaired
strata (global CDR of 2 or 3) showed differences in CDR-SB
in which participants with FTLD-TDP performed significantly
worse than those with LATE-NC (Table 3). On the sensitivity
analysis, these differences were no longer significantly differ-
ent (Supplementary Data Table S2A). It is interesting to note
that the magnitude of the differences between FTLD-TDP and
LATE-NC increased, but at least in part because of the notably

smaller sample size, the differences were no longer signifi-
cant. Out of 11 cognitive and behavioral symptoms that were
significantly different between LATE-NC and FTLD-TDP on
the main analysis (Table 4), 9 were still significantly different
on the second sensitivity analysis (Supplementary Data Table
S2B). Among less impaired participants (CDR ¼ 0.5–1), the 2
groups no longer differed significantly for apathy, but now did
differ for attention. When examining the domain scores of the
global CDR, we observed more severe cognitive symptoms
among FTLD-TDP in all 8 domains in the main analysis
(Fig. 2), all of which were also significantly different on sensi-
tivity analysis (Supplementary Data Table S2C).

The third sensitivity analysis included only participants
who had died young, at ages 50–79 years. Significantly wors-
ened performance of the FTLD-TDP group on adjusted CDR-
SB scores persisted for the CDR ¼ 2–3 strata (Table 3 and
Supplementary Data Table S3A). Out of 11 cognitive and be-
havioral symptoms that were significantly different between
LATE-NC and FTLD-TDP on the main analysis (Table 4),
8 were still significantly different on the second sensitivity
analysis (Supplementary Data Table S3B). When examining
the domain scores of the global CDR in the main analysis, we
had observed more severe cognitive symptoms among FTLD-
TDP in all 8 domains in the main analysis (Fig. 2). Only 2 of
these were also significantly different on the age-restricted
sensitivity analysis (Supplementary Data Table S3C), personal
care, and language. It should be noted that almost all of
the other comparisons persisted in their direction of worsened
outcome for FTLD-TDP, but with diminished statistical
significance.

Hence, the findings of the main analysis were largely ro-
bust to various assumptions on sensitivity analysis, other than
the differences in domain scores when the analysis was re-
stricted to younger participants.

DISCUSSION
We examined how clinical presentation and cognitive

performance compared between autopsy-confirmed LATE-
NC and FTLD-TDP. FTLD-TDP was associated with a youn-
ger age at death and tended to be a more severe disease in
terms of global cognition, with a higher percentage of partici-
pants in the moderate and severe categories of the CDR global
scores. Participants with FTLD-TDP were more likely to have
symptoms of apathy, disinhibition, and personality change
than participants with LATE-NC. However, some cognitive
domains and symptomatology were more adversely affected
in persons with LATE-NC than FTLD-TDP. Among partici-
pants with more severe impairment (CDR global score of 2–
3), participants with LATE-NC were more likely to have diffi-
culties with visuospatial performance and to have symptoms
of “psychoses”—visual hallucinations and delusions.

Given the key role of TDP-43 proteinopathy in both
LATE-NC and FTLD-TDP, there are ongoing efforts to better
delineate the differences between these 2 entities, both in
terms of neuropathologic characteristics and clinical implica-
tions (4, 5). LATE-NC tends to occur in older age and to pre-
sent with cognitive decline with similar amnestic-type
characteristics, but milder, to that of AD (12, 13). On the other

TABLE 2. Co-Neuropathologic Features Present at Autopsy
Among LATE-NC and FTLD-TDP

LATE-NC

(n¼ 265)

FTLD-TDP

(n¼ 92)

p value*

AD neuropathologic change, n (%) <0.001

Not AD 6 (2.3) 39 (42.4)

Low 25 (9.5) 34 (37.0)

Intermediate 36 (13.6) 10 (10.9)

High 197 (74.6) 9 (9.8)

Thal phase, n (%) <0.001

0 6 (2.3) 39 (42.4)

1–2 13 (4.9) 25 (27.2)

3–4 62 (23.4) 18 (19.6)

5 184 (69.4) 10 (10.9)

Braak stage, n (%) <0.001

0 0 (0.0) 24 (26.1)

I–II 22 (8.3) 40 (43.5)

III–IV 37 (14.0) 18 (19.6)

V–VI 205 (77.7) 10 (10.9)

Neuritic plaque density, n (%) <0.001

None 21 (7.9) 56 (60.9)

Sparse 20 (7.6) 12 (13.0)

Moderate 36 (13.6) 13 (14.1)

Frequent 188 (70.9) 11 (12.0)

Lewy bodies, n (%) <0.001

No Lewy body pathology 124 (46.8) 79 (85.9)

Brainstem predominant 8 (3.0) 3 (3.3)

Limbic or amygdala predominant 78 (29.4) 7 (7.6)

Neocortical 47 (17.7) 2 (2.2)

Present, region unspecified 8 (3.0) 1 (1.1)

Hippocampal sclerosis, n (%) 92 (34.9) 30 (33.0) 0.74

Vascular brain injury, n (%)

Brian arteriolosclerosis (moder-

ate/severe)

151 (57.6) 39 (45.4) 0.05

Infarcts or lacunes 34 (12.8) 5 (5.4) 0.05

Microinfarcts 72 (27.2) 12 (13.0) 0.006

Hemorrhages and microbleeds 15 (5.7) 3 (3.3) 0.58

Missing: LATE-NC ADNC (n¼ 1), Braak stage (n¼ 1), hippocampal sclerosis
(n¼ 1), brain arteriolosclerosis (n¼ 3); FTLD-TDP hippocampal sclerosis (n¼ 1),
hemorrhages and microbleeds (n¼ 2), brain arteriolosclerosis (n¼ 6).

AD, Alzheimer disease; ADNC, Alzheimer disease neuropathologic change.
*Differences between groups were tested using chi-square or Fisher exact test. Bold

values indicate significance at the 0.05 level.
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hand, FTLD-TDP can present with behavioral changes (e.g.
disinhibition, apathy), language difficulties (e.g. semantic de-
mentia, nonfluent aphasia), or decline in other cognitive
domains (11).

A prior study by Katsumata et al was also based on
NACC data and used a clustering algorithm to detect group-

ings of types of neuropathologic change with symptoms,
among participants with TDP-43 proteinopathy. It identified
several clusters of NP and symptoms, including FTLD-TDP,
LATE-NC without ADNC, and LATE-NC with ADNC. Per-
sons with FTLD-TDP had appetite problems, disinhibition,
and PPA. Persons with LATE-NC had cognitive decline,

FIGURE 2. CDR dementia staging instrument plus NACC FTLD domain scores among LATE-NC (n¼265) and FTLD-TDP
(n¼92)*.

*FTLD-TDP associated with higher CDR categories, at p<0.001, for all CDR domains. CDR, clinical dementia rating; NACC, National Alzheimer’s Coordinating Center.

TABLE 3. Unadjusted and Adjusted Mean Difference in CDR-SB at Last Visit Prior to Autopsy Comparing LATE-NC Versus FTLD-
TDP (Ref)

CDR¼ 0.5–1 CDR¼ 2–3

b est (95% CI) p value b est (95% CI) p value**

Unadjusted

CDR-SB* �0.01 (�1.74 to 1.72) 0.99 �1.23 (�2.43 to �0.04) 0.04

Adjusted

CDR-SB* �0.54 (�1.92 to 0.84) 0.44 �1.46 (�2.63 to �0.30) 0.01

Adjusted for

Age at death �0.06 (�0.09 to �0.02) <0.01 �0.07 (�0.10 to �0.03) <0.01

Female (male¼ ref) 0.76 (�0.43 to 1.95) 0.21 0.50 (0.00–1.01) 0.05

Years of education �0.06 (�0.24 to 0.12) 0.52 0.04 (�0.05 to 0.13) 0.43

ADNC present (none¼ ref)

Low 1.65 (0.12–3.19) 0.03 0.22 (�0.72 to 1.17) 0.64

Intermediate 1.15 (�0.73 to 3.02) 0.23 1.18 (�0.03 to 2.39) 0.06

High 2.90 (1.19–4.61) <0.01 0.30 (�0.59 to 1.19) 0.51

Lewy bodies present (no¼ ref) �0.23 (�1.35 to 0.89) 0.69 0.15 (�0.44 to 0.74) 0.62

Microinfarcts present (no¼ ref) �0.23 (�1.31 to 0.85) 0.68 �0.21 (�1.04 to 0.62) 0.62

ADNC, Alzheimer disease neuropathologic change; CDR, clinical dementia rating; CI, confidence interval.
*A negative value implies worsened functioning for FTLD-TDP participants compared with LATE-NC participants.** Bold values indicate significance at the 0.05 level.
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which was relatively slow when it existed in isolation, but
more rapid when it co-existed with ADNC (18).

The current study builds on the above-noted prior study
using different methodologies. Although both studies were
based on participants in the NACC database, Katsumata et al
used all persons in the NACC database who had TDP-43 in at
least one of the regions (amygdala, hippocampus, or neocor-
tex), whereas the current study focused on a smaller number
of participants who had sufficient data to evaluate staging for
LATE-NC. In terms of analytic methods, Katsumata et al used
clustering analysis (irrespective of the final pathological diag-
nostic entities of FTLD-TDP and LATE-NC), whereas the
current study used a focused direct comparison of the cogni-
tive function and behavioral symptoms of persons with
LATE-NC and FTLD-TDP. Finally, Katsumata et al used
symptom data captured by the Neuropsychiatric Inventory
Questionnaire, an informant-based assessment, whereas the
current study used clinician-assessed symptoms. An important
question in our study is whether or not the delusions and hallu-
cinations were attributable to the ADNC. The Katsumata et al
study affirms that such is not the case. Hence, the 2 studies are
complementary.

The current study confirmed the finding of a higher pro-
portion of individuals with disinhibition among FTLD-TDP
participants. It also showed a very high proportion of persons
who reported any language difficulties. Severe problems in
the language domain were more common for FTLD-TDP par-
ticipants according to the CDR Dementia Staging Instrument
plus NACC FTLD Domains. The current study also found a
higher proportion of persons with apathy among the FTLD-
TDP group than the LATE-NC group. It is notable that not all
the cognitive domains were more severely impaired or af-
fected in FTLD-TDP in comparison to LATE-NC. There was
worse visuospatial performance and higher levels of symp-
toms of visual hallucinations and delusions among LATE-NC
participants compared to FTLD-TDP participants. This under-
scores that the clinical features associated with LATE-NC are
not merely milder than those associated with FTLD-TDP, they
are different.

Relative to comparisons between LATE-NC and FTLD-
TDP, more attention has been directed towards comparisons
between LATE-NC and ADNC. Kapasi et al (15) used
data from Rush University’s autopsy cohorts and found that
cognitive decline was most severe in the presence of

TABLE 4. Cognitive and Behavior Symptoms Present at Last UDS Visit Among LATE-NC and FTLD-TDP by Global CDR Score

CDR¼ 0.5–1 CDR¼ 2–3

LATE-NC

(n¼ 59)

FTLD-TDP

(n¼ 13)

p value LATE-NC

(n¼ 196)

FTLD-TDP

(n¼ 79)

p value

Cognitive symptoms, n (%)

Memory* 56 (94.9) 11 (84.6) 0.22 196 (100.0) 78 (100.0) n/a

Executive function* 53 (89.8) 11 (84.6) 0.63 193 (100.0) 79 (100.0) n/a

Language 33 (55.9) 8 (61.5) 0.71 173 (90.6) 78 (98.7) 0.02

Visuospatial* 20 (35.1) 3 (23.1) 0.52 152 (83.5) 44 (62.9) <0.001

Attention 21 (35.6) 8 (61.5) 0.08 156 (83.9) 64 (85.3) 0.77

Fluctuating cognition* 4 (7.1) 2 (15.4) 0.31 39 (20.9) 11 (15.1) 0.29

Behavioral symptoms, n (%)

Apathy 23 (39.7) 10 (76.9) 0.01 115 (59.6) 61 (79.2) 0.002

Depressed mood* 21 (35.6) 4 (30.8) 1.00 61 (32.5) 16 (22.5) 0.12

Visual hallucinations* 3 (5.2) 0 (0.0) 1.00 32 (17.7) 2 (2.8) 0.002

Auditory hallucinations*,† 0 (0.0) 1 (7.69) 0.18 4 (2.3) 3 (4.3) 0.41

Delusions* 6 (10.3) 2 (15.4) 0.63 47 (25.7) 6 (8.5) 0.002

Disinhibition* 6 (10.5) 7 (53.9) 0.001 47 (24.5) 44 (56.4) <0.001

Irritability* 18 (31.0) 4 (30.8) 1.00 67 (34.7) 29 (36.7) 0.75

Agitation* 6 (10.3) 3 (23.1) 0.35 76 (39.2) 30 (38.0) 0.85

Personality change* 5 (8.8) 7 (53.9) <0.001 28 (14.6) 35 (44.9) <0.001

Predominant domain first change* 0.09 <0.001

Cognition 54 (93.1) 9 (75.0) 182 (96.8) 57 (74.0)

Behavior 4 (6.9) 3 (25.0) 6 (3.2) 20 (26.0)

Missing: CDR 0.5–1 LATE-NC visuospatial (n¼ 2), fluctuating cognition (n¼ 3), apathy (n¼ 1), visual hallucinations (n¼ 1), auditory hallucinations (n¼ 1), delusions (n¼ 1),
disinhibition (n¼ 2), irritability (n¼ 1), agitation (n¼ 1), personality change (n¼ 2), predominant domain first change (n¼ 1); FTLD-TDP predominant domain first change
(n¼ 1).

CDR 2–3 LATE-NC executive function (n¼ 3), language (n¼ 5), visuospatial (n¼ 14), attention (n¼ 10), fluctuating cognition (n¼ 9), apathy (n¼ 3), depressed mood (n¼ 8),
visual hallucinations (n¼ 15), auditory hallucinations (n¼ 19), delusions (n¼ 13), disinhibition (n¼ 4), irritability (n¼ 3), agitation (n¼ 2), personality change (n¼ 4), predomi-
nant domain first change (n¼ 8); FTLD-TDP memory (n¼ 1), visuospatial (n¼ 9), attention (n¼ 4), fluctuation cognition (n¼ 6), apathy (n¼ 2), depressed mood (n¼ 8), visual
hallucinations (n¼ 8), auditory hallucinations (n¼ 9), delusions (n¼ 8), disinhibitions (n¼ 1), personality change (n¼ 1), predominant domain first change (n¼ 2).

CDR, clinical dementia rating; n/a, ���; UDS, Uniform Data Set.
*Among participants with CDR¼ 0.5–1, differences between groups were tested using Fisher exact tests due to a large proportion of cells with n< 5. Otherwise, differences be-

tween groups were tested using chi-square tests. Bold values indicate significance at the 0.05 level.
†

Among participants with CDR¼ 2–3, differences between groups were tested using Fisher’s exact tests due to a large proportion of cells with n< 5. Otherwise, differences be-
tween groups were tested using chi-square tests. Bold values indicate significance at the 0.05 level.
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ADNCþLATE-NC, followed by ADNC alone, followed by
LATE-NC alone, followed by neither pathology. Similar find-
ings have been described in the University of Kentucky AD
Research Center and other autopsy cohorts (16, 24, 25). Liu et
al used data from the Brains for Dementia Research cohort in
the United Kingdom. They found that LATE-NC along with
ADNC was not associated with greater neuropsychiatric
symptom burden compared with ADNC alone (17). By con-
trast, in a study of 1716 participants using NACC NP data,
Sennik et al (26) found that symptoms associated with ADNC
with comorbid TDP-43 proteinopathy included “delusions,
hallucinations, and depression, but not irritability, aberrant
motor behavior, sleep, and nighttime behavioral changes.”

LATE-NC has been associated with comorbid HS pa-
thology (4, 14, 27). In the current study, we did not show a dif-
ference in proportion of participants with HS for LATE-NC
versus FTLD-TDP, with both conditions having approxi-
mately 30% of participants with HS (Table 2). Katsumata et al
(18) correspondingly found the prevalence of HS to be similar
among the LATE-NC and FTLD-TDP-enriched clusters and
these findings are also consistent with results of a recent study
that focused on FTLD-TDP (28).

One could make an argument that our study design
reflected circular logic: many of the cases with FTLD-TDP
were placed into that group partly due to clinical symptoms
(although, we note,�1/4th of the FTLD-TDP cases were diag-
nosed clinically as “Probable AD”; Table 1). This point needs
to be kept in mind but does not negate the importance of the
data presented. Instead, this consideration reframes the project
to a broader question: Is there a common, aging-related, clini-
cal-pathological entity that differs according to clinical and
pathological parameters from the far rarer, younger-onset
frontotemporal dementia (FTD) clinical syndrome with TDP-
43 proteinopathy? We could set aside the large differences in
the age of onset and death, and the FTD-type findings of be-
havioral and language symptoms that helped steer the diagnos-
tic categories. Even if so, the global cognition which is more
severe in FTLD-TDP (Fig. 2), the co-pathologies (Table 2),
and the neuropsychiatric symptoms that are worse in LATE-
NC (Table 4) differ substantially between LATE-NC and
FTLD-TDP. Presumably, there are some pathogenetic mecha-
nisms that are shared between LATE-NC and FTLD-TDP (as
there are between LATE-NC and ADNC, and ADNC and
DLB), but the usefulness of LATE-NC as a diagnostic term is
corroborated for clinical and research purposes.

It is also possible that TDP-43 pathology exists along a
continuum with different clinical phenotypes of disease
expressed in earlier onset versus later onset cases. Parallels ex-
ist for AD and other neurologic disorders. As such, the use of
clinicopathologic diagnosis may confound the present find-
ings. On the other hand, the striking difference in clinical phe-
notypes between the cases presented in this report with FTLD-
TDP and LATE-NC may suggest that such clinical phenotypes
are distinct diseases sharing convergent pathologic features
(i.e. TDP-43 proteinopathy). Such concepts have clearly been
noted for other disorders. Just as tau inclusions may be a sign
of FTLD-Tau, they are also common features of AD, primary
age-related tauopathy, corticobasal degeneration, progressive
supranuclear palsy, aging-related tau astrogliopathy, chronic

traumatic encephalopathy, and others. Similar examples in-
clude a-synuclein pathologies in Parkinson disease, dementia
with Lewy bodies, and multiple system atrophy. It is widely
accepted that such clinical-pathologic defined disease states
are distinct, and likewise TDP-43 inclusions are not disease-
specific, but rather represent a pathologic feature for at least
15 other neurologic diseases (3). As such, the present work
underscores that TDP-43 proteinopathy is not only a marker
for diseases on the ALS/FTLD-TDP spectrum.

To be clear, we are not suggesting that clinical criteria
should be used as the sole basis for differentiation of neurode-
generative diseases. Better identification of biomarker, neuro-
pathologic, and genetic criteria to differentiate FTLD-TDP
and LATE-NC is a necessary step for future work. Some prog-
ress has already been made on this. For example, recent work
has shown that the density of TDP-43 proteinopathy in neocor-
tical regions is substantially more severe in FTLD-TDP than
in LATE-NC, enabling the accurate diagnosis of those condi-
tions in >95% of cases from 2 large autopsy cohorts (5). We
note that there are also examples of diagnostic border zone
issues for unusual cases with tauopathies and a-synucleinopa-
thies as well.

Regarding the effects of age, it is notable that in the third
sensitivity analysis (restricted to people who had died younger
than age 80), the significance of the differences in CDR global
score domain scores which had been present in the main anal-
ysis (Fig. 2) was decreased in the sensitivity analysis (Supple-
mentary Data Table S3C). This may indicate that younger
people with LATE-NC tend to have more severe manifesta-
tions (and hence less differences from FTLD-TDP in terms of
severity). On the other hand, the statistical finding also reflects
the sharply reduced sample size after eliminating the older
LATE-NC participants.

Other potential limitations of the current study should
also be considered. First, study participants were more highly
educated and more likely to be Caucasian than the general
population, limiting the generalizability to more diverse popu-
lations. Second, there remains controversy in differentiating
LATE-NC and FTLD-TDP neuropathologically (5). Third,
the study involved cross-sectional data, which may be less
sensitive than longitudinal data in detecting subtle differences,
especially early in cognitive dysfunction (29, 30). Finally,
there was a high percentage of intermediate and high ADNC
among participants with LATE-NC. Substantial amounts of
the symptoms in this group were presumably driven by the
ADNC rather than by the LATE-NC. We have, in part,
addressed this issue through adjusting for ADNC on multivari-
able analysis (Table 3) and by restricting the analyses to per-
sons with high ADNC (Supplementary Data Tables S2A–C).

Despite these limitations, this study has key strengths. It
is based on multi-institutional data, drawing on a large, sex-
balanced group of participants from across the United States,
and the questionnaires through which the data are collected
were administered in standardized fashion at all the different
research centers. Likewise, neuropathological changes were
assessed at autopsy using standardized up-to-date techniques
(all autopsies reported after the year 2014) and reporting meth-
ods (23, 31). The inclusion of 92 autopsy-confirmed FTLD-
TDP cases in a study with detailed clinical testing is a rela-
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tively large study sample by historical standards. The great
majority of participants in both study groups had dementia so
the groups could be compared stage-for-stage. Thus, these
data allowed us to draw conclusions about the symptomatic
presentation and cognitive performance and to compare be-
tween cognitively impaired participants with autopsy-
confirmed LATE-NC and FTLD-TDP.

In conclusion, we found that LATE-NC tended to have
a clinical phenotype that differed substantially in comparison
to FTLD-TDP. Participants with FTLD-TDP died younger
and were more likely to have symptoms of apathy, disinhibi-
tion, and personality change. This was true across the spec-
trum from mild cognitive impairment to advanced dementia.
By contrast, participants with LATE-NC (even those lacking
severe ADNC) were more likely to have difficulties with vi-
suospatial performance and to have symptoms of visual hallu-
cinations and delusions. These data allow better understanding
of the public health burden accruing from each of these
entities.
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