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ABSTRACT

Objective: To conduct a clinicopathologic study to characterize clinical and neuropathologic fea-
tures associated with cognitive impairment in participants with no neuritic amyloid plaques (pri-
mary age-related tauopathy [PART] definite) and sparse neuritic plaques (amyloid sparse).

Methods: Using the National Alzheimer’s Coordinating Center database, we identified 377 indi-
viduals who were PART definite (n 5 170) or amyloid sparse (n 5 207), clinically examined within
1 year of death, and autopsied at 1 of 26 National Institute on Aging–funded Alzheimer’s Disease
Centers. Factors associated with the odds of being symptomatic (global Clinical Dementia Rating
[CDR] score .0) were identified with multivariable logistic regression.

Results: PART-definite participants less often had a high Braak neurofibrillary tangle stage V or VI
(4%) compared to amyloid sparse participants (28%, p , 0.001). Of the PART-definite partic-
ipants, 98 were symptomatic and 72 asymptomatic according to their global CDR scores. PART-
definite participants were less often symptomatic (58%) compared with amyloid sparse
participants (80%, p, 0.001). Within the PART-definite group, independent predictors of symp-
tomatic status included depression (adjusted odds ratio [aOR] 4.20, 95% confidence interval [CI]
2.15–8.19), Braak stage (aOR 1.42, 95% CI 1.04–1.95), and history of stroke (aOR 8.09, 95%
CI 2.63–24.82). Within the amyloid sparse group, independent predictors of symptomatic status
included education (aOR 0.80, 95%CI 0.65–0.99), Braak stage (aOR 1.91, 95%CI 1.07–3.43),
and amyloid angiopathy (aOR 2.75, 95% CI 1.14–6.64).

Conclusions: These findings support the hypothesis that participants with PART have an
amyloid-independent dementing Alzheimer disease–like temporal lobe tauopathy.
Neurology® 2017;89:1707–1715

GLOSSARY
AD 5 Alzheimer disease; ADC 5 Alzheimer’s Disease Centers; AS 5 amyloid sparse; CDR 5 Clinical Dementia Rating;
FTLD5 frontotemporal lobar degeneration; HS5 hippocampal sclerosis;MCI5mild cognitive impairment; NACC5National
Alzheimer’s Coordinating Center; NFT 5 neurofibrillary tangle; NIA 5 National Institute on Aging; NP 5 neuritic plaque;
PART 5 primary age-related tauopathy; TBI 5 traumatic brain injury; UDS 5 Uniform Data Set.

Neurofibrillary tangles (NFTs) composed of the tau protein occur in a broad range of neurodegen-
erative diseases called tauopathies and in Alzheimer disease (AD) seem to develop secondarily to
b-amyloid that accumulates as plaques.1,2 NFTs also develop independently of amyloid plaques in
primary tauopathies such as frontotemporal dementia with tau gene mutation and progressive
supranuclear palsy.3 In AD, cross-sectional autopsy studies suggest that NFTs develop in the medial
temporal lobe early and then progress to neocortical regions.4 Occasional NFTs in the medial
temporal lobe are ubiquitous in brain aging, and some patients with dementia without amyloid
plaques, tau mutations, or other classifiable tauopathies display severe end-stage tauopathy consis-
tent with Braak stage IV of less.5–8 Consequently, recent consensus criteria classified individuals
with this spectrum of tau pathology as having primary age-related tauopathy (PART).9

PART dementia is frequently misdiagnosed as AD.10 PART NFTs affect brain regions that
also are affected in early to moderate-stage AD (e.g., the medial temporal lobe) and in all other
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respects are indistinguishable from AD
NFTs.11 However, individuals with PART
usually display milder cognitive symptoms
than patients with AD.9 Some evidence sug-
gests that subjective memory complaints are
common in PART12 and that PART dementia
is more common in women and the oldest
old.13 Our study aimed to investigate the clin-
ical and neuropathologic features associated
with PART to better characterize PART and
to facilitate differentiation from other tauopa-
thies, especially AD.

METHODS Participants. We used cross-sectional data from

the National Alzheimer’s Coordinating Center’s (NACC’s)

Uniform Data Set (UDS) and Neuropathology Data Set, data

originating from 26 past and present US Alzheimer’s Disease

Centers (ADCs). Since 2005, ADCs have collected demographic,

neuropsychological, clinical, and diagnostic data on those with

normal cognition, mild cognitive impairment (MCI), and

dementia. ADC participants are enrolled from various sources

including clinic samples, other existing studies, and participant

referrals and thus are considered a clinical case series. The UDS

and Neuropathology Data Set data are described in detail else-

where.14–16 We used data collected between September 2005 and

December 2015.

Standard protocol approvals, registration, and patient
consents. All participants provided written informed consent at

each ADC, and the University of Washington’s Institutional

Review Board approved the use of NACC data for research.

Inclusion and exclusion criteria. The sample was restricted to

those with a neuropathologic examination and a UDS visit #1

year before death (figure e-1 at Neurology.org). PART-definite

participants had no neuritic plaques (NPs), and amyloid sparse

(AS) participants had sparse NPs. It is debatable whether par-

ticipants with sparse NPs should be considered PART possible or

as having mild AD; thus, we have chosen AS, a neutral descriptive

term. Braak stage 0 cases were assumed to have very mild PART,

which is ubiquitous in aging.5

Given the scant studies characterizing PART to date, we

focused on PART in its purest form and excluded 483 partici-

pants with clinical or neuropathologic Lewy body disease, includ-

ing Parkinson disease; tau pathologies, including corticobasal

degeneration, Picks disease, progressive supranuclear palsy, and

other frontotemporal lobar degeneration (FTLD) tau-positive

neuropathologies; other neurodegenerative disease, including

Huntington disease, clinical or neuropathologic prion disease,

and tau-negative FTLD (e.g., FTLD with TDP-43 inclusions);

and other diseases, including normal-pressure hydrocephalus,

cerebral autosomal dominant arteriopathy with subcortical in-

farcts and leukoencephalopathy, and clinically diagnosed syn-

dromes (e.g., primary progressive aphasia) frequently associated

with FTLD.

Asymptomatic and symptomatic PART. The Clinical

Dementia Rating (CDR) scale, a global measure of dementia

severity,17 was completed by a clinician at each UDS visit on

the basis of informant interview and examination (range 0 [no

impairment] to 3 [greatest impairment]). Participants with global

CDR score 5 0 at their last visit were categorized as

asymptomatic and those with CDR score .0 were categorized

as symptomatic.

Neuropathology. ADCs use a standardized Neuropathology

Form to collect data on UDS participants who died and con-

sented to autopsy and neuropathologic examination. The neuro-

pathology data were used to assess PART-definite and AS

pathology (defined further above) and the presence of diffuse

plaques, originally ascertained as none, sparse, moderate, or fre-

quent. For our regression analyses, diffuse plaques were defined as

any (sparse, moderate, frequent) vs none. In addition, we

described the following cerebrovascular disease findings: lacune/

infarct, microinfarct, hemorrhage/microbleed, atherosclerosis of

the circle of Willis, arteriolosclerosis, subcortical arteriosclerotic

leukoencephalopathy, medial temporal lobe/hippocampal scle-

rosis (HS), amyloid angiopathy, and cortical laminar necrosis.

The Neuropathology Form collects whether atherosclerosis of the

circle of Willis, arteriolosclerosis, and amyloid angiopathy were

mild, moderate, severe, or not present, and in our regression

analyses, we defined these as any (mild, moderate, or severe) vs

none.

Demographic, clinical, and genetic variables. The demo-

graphic characteristics included age at last visit (years), sex, educa-

tion (years), and race (nonwhite, white). A clinical diagnosis of

normal cognition, MCI/impaired not MCI, or dementia was

based on the participant’s medical history, neurologic examina-

tion, and neuropsychological testing. Participants and their co-

participants reported history of stroke, hypertension, diabetes

mellitus, and traumatic brain injury (TBI), and these variables

were dichotomized as yes (recent [active/treated in last year] or

remote) or no (absent). Depression included clinically diagnosed

or self- or coparticipant-reported depression #2 years preceding

the visit. Participants and their coparticipants reported if a first-

degree family member had cognitive impairment (including

dementia). APOE genotype was dichotomized into no e4 alleles

or $1 e4 alleles (9.5% missing APOE data).

Statistical analysis. We described the PART-definite and AS

groups (separately) by their global CDR score, presence of NP

(none or sparse), and Braak stage (0–VI). We then used

descriptive statistics (mean and SD, frequency and percent) to

describe the symptomatic and asymptomatic PART-definite and

AS groups (separately) by demographics, presence of $1 APOE
e4 allele, family history of cognitive impairment, medical history,

and other neuropathology (diffuse plaques and cerebrovascular

pathology). Differences between symptomatic and asymptomatic

participants were tested with x2 tests or exact x2 tests if any cell

size included ,5 participants.

Main analyses. We used logistic regression models with gener-

alized estimating equations to examine whether being symptom-

atic (vs asymptomatic) was associated with age (continuous

measure); education (continuous measure); sex; race; depression;

stroke or hypertension; diabetes; TBI; family history of cognitive

impairment; $1 APOE e4 allele; Braak stage (0 through VI);

presence of any diffuse plaques; or presence of cerebrovascular

disease at autopsy (e.g., infarct/lacune). Generalized estimating

equations accounted for clustering by center. The unadjusted and

adjusted logistic regression analyses were conducted separately for

the PART-definite and AS groups. The unadjusted results

informed which variables were included in the multivariable

models (age was automatically included) on the basis of signifi-

cance at an a level of 0.10 observed in either the PART-definite

or AS group. We ran 2 separate multivariable logistic regression
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models, 1 for the PART-definite and 1 for the AS group. Sta-

tistical significance was determined with an a level of 0.05.

Sensitivity analyses. The fledgling understanding of PART and

growing use of the term prompted a number of sensitivity analy-

ses to ascertain the extent to which adjusting our definition of

PART influenced our findings. While PART is generally consid-

ered a temporal lobe–predominant pathology, the challenges in

operationalizing the Braak staging system18 and theoretical pos-

sibility of comorbid/nascent amyloid-driven tauopathy suggested

that we explore the full spectrum of tau pathology in our sample.

The sensitivity analyses used the same regression models as the

main analysis. The first sensitivity analysis combined the PART-

definite and AS participants, while the second kept the PART-

definite and AS groups separate but excluded those with HS.

None of the asymptomatic participants with PART had HS; thus,

the regression model would not run with HS included as a co-

variate. Excluding those with HS ensured that the symptomatic

and asymptomatic groups were comparable with respect to that

pathology. The third sensitivity analysis excluded participants

with Braak stage V to VI and combined the PART-definite and

AS groups. The fourth sensitivity analysis replaced the compari-

son of CDR score .0 vs 0 with a comparison of those with

a clinical diagnosis of cognitive impairment (MCI/impaired not

MCI, dementia) vs no clinical diagnosis of cognitive impairment.

The final sensitivity analyses included the 483 participants with

comorbidities who were previously excluded, and the PART-

definite and AS multivariable models were run including varia-

bles found to be statistically significant at p , 0.10 in updated

unadjusted analyses and included tau pathologies, Lewy body

dementia pathologies, and other neurodegenerative disease as

covariates.

RESULTS We identified 377 participants (mean age
85.9 years, SD 5 10.0 years) meeting our criteria
(table e-1 and figure e-1). The sample consisted of
98 symptomatic PART-definite, 72 asymptomatic
PART-definite, 165 symptomatic AS, and 42
asymptomatic AS participants. PART definite over-
laps with the “not AD neuropathologic change” and
AS with the “low AD neuropathologic change” cat-
egories set forth by the National Institute on Aging
(NIA)–Alzheimer’s Association guidelines for AD
neuropathologic assessment.19 PART-definite partic-
ipants were less often symptomatic (58%) than AS
participants (80%) (x2 p , 0.001). Although the
majority of the PART-definite and AS participants
had a CDR score# 1, more of the AS group (39.1%)
had a CDR score .1 than the PART-definite group

Figure 1 NFT stage and age by CDR and NP scores

CDR 5 Clinical Dementia Rating; NP 5 neuritic plaques; NFT 5 neurofibrillary tangle.
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(18.2%) (figure 1, A and B and table e-1). Only 4.1%
of the PART-definite group had Braak stage V to VI,
compared to 28.0% of the AS group (x2 p , 0.001)
(figure 1, A and B and table e-1). There was no
change in the proportion who were symptomatic with
increasing age in the PART-definite and AS groups
(figure 1, C and D).

A higher percentage of the symptomatic than
asymptomatic participants in the PART definite
and AS groups were depressed and had $1 APOE
e4 allele (table 1). The distribution of participants
by age, education, race, family history of cognitive
impairment, and history of diabetes mellitus, hyper-
tension, and TBI was fairly similar across the symp-
tomatic and asymptomatic PART-definite and AS
groups. In the PART-definite group, the symptom-
atic participants more often had a history of stroke.

While the main amyloid-related neuropathologic
variable used for participant stratification was neuritic

amyloid plaque burden, we also considered diffuse
amyloid deposits. Diffuse plaques were absent in
68% of the PART-definite group but ,2% of the
AS group (table 2). Sparse diffuse plaques were pres-
ent in 20% of the PART-definite and 66% of the AS
groups. The percent with moderate or frequent dif-
fuse plaques was similar between the symptomatic
and asymptomatic participants within the PART-
definite and AS groups.

The symptomatic and asymptomatic individuals
in the PART-definite and AS groups were similar
with respect to the percent with lacune or infarct, mi-
croinfarct, hemorrhage or microbleed, atherosclerosis,
arteriolosclerosis, cortical laminar necrosis, and sub-
cortical arteriosclerotic leukoencephalopathy (table 2).
In the AS but not the PART-definite group, symp-
tomatic participants more often had amyloid angi-
opathy than asymptomatic participants. HS was
present in z12% of symptomatic PART-definite

Table 1 Clinical and demographic characteristics of participants with PART at autopsy

Characteristica

PART, definite AS

CDR score >0,
n (%)

CDR score 5 0,
n (%) p Value

CDR score >0,
n (%)

CDR score 5 0,
n (%) p Value

Total sample size 98 72 NA 165 42 NA

Age at last visit, y

<60 5 (5.1) 2 (2.8) 0.37 0 (0.0) 0 (0.0) 0.89

60–69 7 (7.1) 3 (4.2) 8 (4.9) 1 (2.4)

70–79 12 (12.2) 16 (22.2) 24 (14.6) 7 (16.7)

80–89 32 (32.7) 19 (26.4) 64 (38.8) 18 (42.9)

901 42 (42.9) 32 (44.4) 69 (41.8) 16 (38.1)

Male sex 52 (53.1) 28 (38.9) 0.07 84 (50.9) 15 (35.7) 0.08

Education, at least some college 76 (77.6) 60 (83.3) 0.35 111 (68.1) 30 (71.4) 0.68

Nonwhite race 8 (8.2) 3 (4.2) 0.36 13 (7.9) 2 (4.8) 0.74

Presence of ‡1 APOE e4 allele 16 (18.8) 5 (7.5) 0.04 73 (48.3) 6 (15.8) 0.0003

Family history of cognitive impairment 32 (39.0) 22 (35.5) 0.66 78 (50.0) 18 (43.9) 0.49

Cognitive status at last visit

Normal cognition 4 (4.1) 70 (97.2) ,0.0001 3 (1.8) 38 (90.5) ,0.0001

MCI or impaired not MCI 33 (33.7) 2 (2.8) 41 (24.9) 4 (9.5)

Dementia 61 (62.2) 0 (0.0) 121 (73.3) 0 (0.0)

History of stroke 29 (30.2) 7 (9.7) 0.001 32 (19.4) 6 (14.3) 0.45

History of hypertension 75 (76.5) 51 (71.8) 0.49 112 (68.7) 31 (75.6) 0.39

Depression 57 (58.8) 22 (31.0) 0.0004 71 (43.8) 7 (17.1) 0.002

History of diabetes 13 (13.3) 14 (19.4) 0.28 15 (9.2) 5 (11.9) 0.59

History of TBI 9 (9.5) 11 (15.3) 0.25 34 (21.1) 6 (14.3) 0.32

Abbreviations: AS 5 amyloid sparse; CDR 5 Clinical Dementia Rating; MCI 5 mild cognitive impairment; NA 5 not applicable; PART 5 primary age-related
tauopathy; TBI 5 traumatic brain injury.
aData missing: PART-definite CDR score 5 0: APOE n 5 5, depression n 5 1, family history n 5 10; PART-definite CDR score .0: APOE n 5 13,
depression n 5 1, family history n 5 16, TBI n 5 3, stroke n 5 2; AS, CDR score 5 0: APOE n 5 4, depression n 5 1, family history n 5 1;
AS, CDR score .0: education n 5 2, race n 5 1, APOE n 5 14, depression n 5 3, family history n 5 9, diabetes mellitus n 5 1, TBI n 5 4,
hypertension n 5 2.
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and AS participants, respectively, but was absent in
the asymptomatic PART-definite and AS
participants.

Main analyses. In the unadjusted analyses (table 3),
depression, history of stroke, $1 APOE e4 alleles,
and Braak stage were associated with being symptom-
atic in the PART-definite group. Depression, Braak
stage, diffuse plaques, and amyloid angiopathy were
associated with being symptomatic in the AS group.

In the adjusted analyses (table 4), increasing Braak
stage was associated with an increased odds of being
symptomatic in the PART-definite and AS groups. In
the PART-definite group, history of stroke and
depression were associated with an increased odds
of being symptomatic. In the AS group, being symp-
tomatic was additionally associated with lower educa-
tion and amyloid angiopathy.

Sensitivity analyses. Combining the PART-definite
and AS participants into 1 group resulted in an
adjusted association between depression, increasing
Braak stage, and history of stroke and being symp-
tomatic (table e-2). After participants with HS were
removed, the same variables were associated with
being symptomatic as found in the main analyses

(table e-3). After those with Braak stage V to VI were
excluded and the PART-definite and AS groups were
combined, being symptomatic was associated with
less education, depression, increasing Braak stage, and
history of stroke (table e-4). Comparisons based on
clinical diagnosis of cognitive impairment vs no
cognitive impairment instead of based on CDR score
resulted in similar findings, except that increasing age
was now a significant predictor and Braak stage was
no longer a statistically significant predictor of being
symptomatic among PART-definite participants
(table e-5). In the final sensitivity analysis, depression,
increasing Braak stage, presence of tau pathologies,
and presence of other neurodegenerative disease were
associated with being symptomatic in the PART-
definite group, and male sex, depression, increasing
Braak stage, presence of other neurodegenerative
disease, and presence of Lewy body disease were
associated with being symptomatic in the AS group
(table e-6).

DISCUSSION Understanding the selective vulnera-
bility of the medial temporal lobe to neurofibrillary
degeneration has the potential to reveal factors that
trigger neurodegeneration and to pave the way toward

Table 2 Neuropathologic characteristics of participants with PART at autopsy

Neuropathologya

PART, definite AS

CDR score >0,
n (%)

CDR score 5 0,
n (%) p Value

CDR score >0,
n (%)

CDR score 5 0,
n (%) p Value

CERAD semiquantitative score for diffuse plaques

None 64 (69.6) 39 (66.1) 0.72 2 (1.3) 2 (5.3) 0.37

Sparse 19 (20.7) 11 (18.6) 106 (67.1) 23 (60.5)

Moderate 5 (5.4) 4 (6.8) 17 (10.8) 5 (13.2)

Frequent 4 (4.4) 5 (8.5) 33 (20.9) 8 (21.1)

Cerebrovascular pathology

Lacune or infarct 40 (40.8) 21 (29.2) 0.12 59 (35.8) 12 (29.3) 0.43

Microinfarct 28 (28.6) 12 (16.7) 0.07 45 (27.3) 9 (21.4) 0.44

Hemorrhage/microbleed 7 (7.1) 8 (11.1) 0.37 14 (8.5) 5 (11.9) 0.49

Atherosclerosis of the circle of Willis, any 86 (88.7) 57 (79.2) 0.09 132 (81.0) 37 (90.2) 0.16

Arteriolosclerosis, any 77 (87.5) 48 (81.4) 0.31 96 (88.9) 33 (82.5) 0.30

Subcortical arteriosclerotic leukoencephalopathy 11 (11.2) 8 (11.3) 0.99 56 (33.9) 8 (19.5) 0.07

Medial temporal lobe sclerosisb 13 (13.4) 0 (0.0) 0.0007 19 (11.5) 0 (0.0) 0.02

Amyloid angiopathy, any 19 (19.8) 13 (18.6) 0.84 98 (59.8) 13 (31.7) 0.001

Cortical laminar necrosis 2 (2.0) 0 (0.0) 0.51 3 (1.8) 0 (0.0) 0.99

Abbreviations: AS 5 amyloid sparse; CDR 5 Clinical Dementia Rating; CERAD 5 Consortium to Establish a Registry for Alzheimer’s Disease; PART 5

primary age-related tauopathy.
aData missing: PART-definite CDR score 5 0: diffuse plaques n 5 13, arteriolosclerosis n 5 13, subcortical arteriolosclerotic leukoencephalopathy n 5 1,
amyloid angiopathy n 5 2; PART-definite CDR score .0: diffuse plaques n 5 6, atherosclerosis n 5 1, arteriolosclerosis n 5 10, medial temporal lobe
sclerosis n 5 1, amyloid angiopathy n 5 2; AS, CDR score 5 0: diffuse plaques n 5 4, lacune/infarct n 5 1, atherosclerosis n 5 1, arteriolosclerosis n 5 2,
subcortical arteriolosclerotic leukoencephalopathy n 5 1, medial temporal lobe sclerosis n 5 1, amyloid angiopathy n 5 1; AS, CDR score .0: diffuse
plaques n 5 7, atherosclerosis n 5 2, arteriolosclerosis n 5 57, amyloid angiopathy n 5 1.
b Including hippocampal sclerosis.
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new methods to diagnose and treat patients with
dementia at the earliest stages. While temporal lobe
tangles are generally thought to be driven by amyloid
toxicity, the possibility that an alternative pathway ex-
ists has been proposed9,20; however, this is controver-
sial.21,22 Nevertheless, there is a growing interest in

whether PART is best considered a component of the
AD spectrum despite individuals having no
or minimal amyloid but who nonetheless develop
tauopathy.20 Here, by examining the clinical and neu-
ropathologic features of such individuals, we made
a number of observations that support the hypothesis

Table 3 Unadjusted odds of symptomatic PART

Characteristic

PART, definite AS

OR 95% CI p Value OR 95% CI p Value

Age at last visit, y 0.99 0.97–1.02 0.64 1.02 0.96–1.08 0.55

Education, y 0.96 0.88–1.06 0.44 0.92 0.84–1.00 0.05

Sex (male vs female) 1.60 0.79–3.25 0.20 1.50 0.81–2.75 0.20

Nonwhite race (yes vs no) 1.65 0.43–6.26 0.47 2.04 0.46–9.06 0.35

APOE (at least 1 e4 vs no e4 allele) 2.60 1.29–5.28 0.008 2.99 0.90–9.94 0.070

Depression (yes vs no) 3.01 1.63–5.56 0.0004 2.72 1.33–5.57 0.006

Family Hx of cognitive impairment (present vs absent) 1.06 0.42–2.64 0.91 1.16 0.70–1.93 0.56

Hx of stroke (yes vs no) 3.68 1.38–9.81 0.009 1.45 0.89–2.35 0.14

Hx of hypertension (yes vs no) 1.29 0.76–2.20 0.35 0.79 0.49–1.28 0.33

Hx of diabetes mellitus (yes vs no) 0.47 0.20–1.09 0.08 0.87 0.31–2.43 0.80

Hx of TBI (yes vs no) 0.58 0.27–1.25 0.16 1.33 0.53–3.36 0.54

Braak stage (0–VI) 1.28 1.03–1.60 0.03 1.66 1.19–2.30 0.003

Diffuse plaques (any vs none) 0.86 0.48–1.56 0.63 2.85 1.10–7.35 0.03

Infarct or lacune (yes vs no) 1.56 0.74–3.27 0.24 1.69 0.88–3.25 0.11

Microinfarct (yes vs no) 1.91 0.94–3.87 0.07 1.27 0.73–2.20 0.39

Hemorrhage/microbleed (yes vs no) 0.62 0.28–1.37 0.24 0.84 0.44–1.63 0.61

Atherosclerosis of circle of Willis (yes vs no) 1.86 0.89–3.90 0.10 0.79 0.44–1.45 0.45

Arteriolosclerosis (yes vs no) 1.68 0.69–4.12 0.26 1.66 0.43–6.43 0.46

Amyloid angiopathy (yes vs no) 1.18 0.69–2.00 0.55 2.54 1.45–4.46 0.001

Subcortical arteriosclerotic leukoencephalopathy (yes vs no) 0.93 0.29–2.99 0.91 1.13 0.75–1.70 0.56

Abbreviations: AS 5 amyloid sparse; CI 5 confidence interval; Hx 5 history; OR 5 odds ratio; PART 5 primary age-related tauopathy; TBI 5 traumatic
brain injury.

Table 4 Adjusted odds of symptomatic PART

Characteristic

PART, definite AS

OR 95% CI p Value OR 95% CI p Value

Age at last visit, y 0.97 0.93–1.00 0.07 1.07 0.97–1.17 0.17

Education, y 1.01 0.89–1.16 0.84 0.80 0.65–0.99 0.04

Depression 4.20 2.15–8.19 ,0.0001 6.04 0.60–60.84 0.13

APOE (at least 1 e4 vs no e4 allele) 2.38 0.99–5.76 0.05 2.24 0.40–12.50 0.36

History of stroke (yes vs no) 8.09 2.63–24.82 0.0003 1.38 0.44–4.32 0.58

History of diabetes mellitus (yes vs no) 0.44 0.13–1.55 0.20 2.63 0.59–11.67 0.20

Braak stage (0–VI) 1.42 1.04–1.95 0.03 1.91 1.07–3.43 0.03

Diffuse plaques (yes vs no) 0.49 0.22–1.07 0.07 0.32 0.02–5.55 0.44

Microinfarct (yes vs no) 1.38 0.61–3.11 0.44 1.88 0.44–8.05 0.39

Amyloid angiopathy (yes vs no) 1.39 0.54–3.53 0.49 2.75 1.14–6.64 0.02

Abbreviations: AS 5 amyloid sparse; CI 5 confidence interval; OR 5 odds ratio; PART 5 primary age-related tauopathy.
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that PART is a dementing illness that might represent
such an alternative pathway.

The finding that the absence of NPs was associ-
ated with a restricted distribution of tau pathology
(Braak NFT stage #IV) is consistent with previous
reports and further supports the assertions that PART
is predominantly a temporal lobe pathology and that
isocortical spread of NFTs is highly correlated with
the presence of amyloid pathology.9 This difference in
regional distribution may reflect differences in path-
ologic drivers but might alternatively indicate an
interaction whereby amyloid facilitates spread of tau
pathology.23 Our PART sample had normal cogni-
tion, MCI, or dementia, as previously reported.9 We
further found that Braak stage was associated with an
increased odds of cognitive impairment in both the
PART-definite and AS groups, before and after the
exclusion of the Braak V to VI cases. While these
findings are consistent with previous autopsy studies
demonstrating that severe PART is correlated with
cognitive impairment,24,25 more sensitive or quantita-
tive measures of tangle burden might be necessary to
demonstrate robust associations at milder NFT dis-
ease stages, which are difficult to accurately assess
neuropathologically with the Braak system.18

AS participants were significantly more likely to be
symptomatic. In addition to considering neuritic
amyloid plaques, which were the basis for our
PART-definite and AS groups, we looked at a number
of other amyloid-related variables. The presence of an
APOE e4 allele, which is strongly associated with
amyloid deposition, was associated with being symp-
tomatic in the PART-definite group in our main
unadjusted analysis. In addition, the presence of dif-
fuse amyloid plaques was found to be associated with
symptomatology in the unadjusted analysis, but only
in the AS group. However, neither of these factors
survived adjustment for multiple covariates. In con-
trast, amyloid angiopathy, which is associated with
cognitive impairment independently of Alzheimer
pathology,26 was strongly associated with cognitive
impairment even after adjustment, but only in the
AS group.

Curiously, symptomatic PART was associated
with depressive symptoms in our adjusted main anal-
ysis and our sensitivity analyses. Notably, self-
reported memory complaints have previously been
shown to be associated with depression,27 and depres-
sion has been found to be a risk factor for Parkinson
disease and vascular and AD dementia.28,29 Therefore,
similar to other neurodegenerative diseases, depres-
sion may be a risk factor or early symptom of symp-
tomatic PART. Alternatively, the underlying disease
process involved in PART may cause depression.

Sex differences have become an increasingly
important issue in AD research. While previous

studies have suggested that PART dementia might
be more common among women,13 our cohort had
a higher number of symptomatic male participants.
The reason for the inconsistency may be that our
study combined individuals with MCI and dementia
in the symptomatic group. In addition, the referenced
study13 was not focused on comparing symptomatic
and asymptomatic individuals with PART but com-
pared individuals with dementia with PART to those
with traditional “plaque and tangle” AD.

While this study had some notable strengths,
including the relatively large sample size and the rich
clinical and neuropathologic data, there are a number
of important limitations. First, it was based on a con-
venience sample, which limits its generalizability to
other populations. Second, a larger sample size
may have increased our ability to detect associations.
In addition, clinically confirmed medical conditions
would have been preferred over the self-reported
conditions available in the UDS. With respect to
neuropathologic data, Thal amyloid phase has
recently been incorporated into consensus recom-
mendations for the neuropathologic diagnosis of
AD,30 but these data are not available for most par-
ticipants in the NACC cohort. Nevertheless, recent
studies suggest that Thal phase might not substan-
tially contribute to predicting antemortem cognition
compared with Consortium to Establish a Registry
for Alzheimer’s Disease NP scores and Braak NFT
stages.31

Our findings provide evidence that PART is an
amyloid-independent tauopathy that is associated
with cognitive impairment. While APOE e4 geno-
type and presence of diffuse plaques were not associ-
ated with symptomatic PART, increasing Braak stage
and depression were consistently associated with
being symptomatic. After controlling for the presence
of depression and stroke and after excluding and alter-
natively controlling for comorbid pathologies, we
found that increasing Braak stage in the absence of
amyloid NPs was associated with being symptomatic,
and these findings persisted in our various sensitivity
analyses. Thus, our study supports the hypothesis
that PART is a distinct (i.e., amyloid-independent)
pathology associated with cognitive impairment.
Future work will need to confirm our results in other
representative and diverse cohorts and to examine
more quantitative measures of tangle burden to fur-
ther refine the understanding of PART pathology and
its associated clinical and neuropathologic features.
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