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Objectives: To investigate the relationship between amyloid‐β‐ and tau‐based
imaging and neuropsychiatric symptoms (NPS) in a sample of AD continuum
including clinically normal subjects and patients with mild cognitive impairment or
AD.
Methods: We analyzed datasets of the Alzheimer's disease Neuroimaging Initiative
and included amyloid‐positive subjects who underwent an AV‐45 scan within 1 year
of an AV‐1451 scan (n ¼ 99). Correlation between standardized uptake value ratio
(SUVR) of AV‐45 and AV‐1451 and the Neuropsychiatric Inventory (NPI) score (and
its four domain subscores for hyperactivity, psychosis, affective, and apathy) was
evaluated. Stepwise logistic regression analysis was used to examine the influence
of SUVRs on the presence of NPS. SUVRs were also tested for their ability to
discriminate the group with NPS using receiver operating characteristic (ROC)
curve analyses.
Results: Significant positive relationships were found between the total NPI score
and affective symptoms and Braak 1&2 (transentorhinal region) AV‐1451 SUVR.
Stepwise logistic regression analysis identified tau accumulation in the area of Braak
1&2 as a significant covariate discriminating the presence of affective symptoms.
The area under the ROC curve analysis showed that subjects with affective
symptoms were discriminated by AV‐1451 SUVR with an accuracy of 77.7%.
Conclusions: Tau aggregation in the transentorhinal region, where neurodegeneration affected by tau pathology was seen in the early stage of AD,
correlated with more severe NPS, especially affective symptoms. Therefore, tau
pathology in the transentorhinal cortex might be associated with affective
symptoms in the early stage of AD.
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1 | INTRODUCTION
Key points
Alzheimer's disease (AD) is the most common cause of dementia. The

� We investigated the relationship between Alzheimer's

cerebral aggregation of both amyloid‐β (Aβ) plaques and tau‐related

disease (AD) pathologies and neuropsychiatric symptoms

neurofibrillary tangles (NFTs) are well‐known neuropathological

(NPS) to quantify NPS due to AD pathologies.

changes in AD. The amyloid cascade model supported by in vitro and

� We found a significant relationship between the affective

in vivo data proposes that the accumulation of Aβ is the triggering

symptoms and Braak 1&2 (transentorhinal regions)‐AV‐

factor for AD, bringing about the hyper phosphorylation and aggre-

1451‐SUVR in AD continuum subjects.

gation of tau, synaptic loss, and cell death.1,2 With advances in

� A stepwise logistic regression analysis identified tau

positron emission tomography (PET) using radiotracers that bind to

accumulation as a significant covariate of the best model

Aβ, it became clear that AD has a long preclinical course, whereby
clinically normal (CN) subjects show biomarker abnormalities up to
15 years before the onset of dementia.3–5
Although AD is usually considered a cognitive disorder, almost

discriminating the presence of affective symptoms.
� Our findings may indicate that tau pathology in the
transentorhinal cortex might be associated with affective
symptoms early in the course of AD.

all individuals diagnosed with AD develop neuropsychiatric symptoms (NPS) at some stage during the disease course, and NPS have
been associated with a higher likelihood for cognitive decline.6
A cohort study of older CN adults, those with subjective cognitive
concerns, and those with mild cognitive impairment (MCI) indi-

levels.17 However, little is known about the relationship between

cated that more severe affective symptoms, including depression,

other NPS and regional tau pathology, as assessed using in vivo PET.

irritability, agitation, disinhibition, anxiety, and apathy, were

Herein, we investigated the relationship between Aβ‐ and tau‐based

predictive of a more rapid progression of cognitive decline across

AD pathologies using PET and NPS due to these AD pathologies in a

all groups.7 In a prospective cohort study estimating the risk of

sample of amyloid‐positive AD continuum, including CN subjects and

incident MCI in CN subjects with or without NPS at baseline, the

patients with MCI or AD, from the AD Neuroimaging Initiative

prevalence of symptoms, including irritability, agitation, disinhibi-

(ADNI).

tion, anxiety, and apathy, was shown to increase the risk for later
MCI.8 Furthermore, studies estimating the risk of the onset of AD
in subjects with MCI showed that NPS, such as agitation,

2 | MATERIALS AND METHODS

depression, and apathy, are associated with the progression from
MCI to AD.6
To date, a few groups have studied the relationship between

Data used in the preparation of this article were obtained from the
ADNI database (http://adni.loni.usc.edu). The ADNI was launched in

NPS and amyloid burden, and some have suggested that NPS reflect

2003 as a public–private partnership, led by Principal Investigator

the underlying amyloid pathology.9,10 A high cortical amyloid burden

Michael W. Weiner, MD. The primary goal of ADNI has been to test

or abnormal cerebrospinal fluid Aβ levels have been shown to be

whether serial magnetic resonance imaging, PET, other biological

associated with apathy, anxiety, depression, and irritability.11–14 As

markers, and clinical and neuropsychological assessments can be

to the tau pathology, cerebrospinal fluid tau, p‐tau181, and t‐tau/

combined to measure the progression of MCI and early AD. For up‐

Aβ42 levels in cognitively normal older adults were shown to predict

to‐date information, see http://www.adni-info.org.

changes in NPS—higher levels of each of these biomarkers were
associated with greater increases in NPS over time.15 A more
significant degree of AD neurodegeneration, characterized by a

2.1 | Participants

higher t‐tau/Aβ42 ratio, was shown to be correlated with more severe NPS, thus suggesting that more extensive AD neuro-

Amyloid‐positive subjects of AD continuum diagnosed with MCI or

degeneration is related to more severe behavioral disturbances in

AD, as well as CN subjects, were included in this study based on the

patients with MCI and AD.16 Recently, the availability of radiotracers

respective inclusion criteria: CN—subjects without depression, MCI,

that bind to tau has allowed the in vivo PET imaging of tau pathol-

and dementia and with Mini‐Mental State Examination (MMSE)

ogy. Informant‐based reports of abnormal night‐time behavior were

scores between 24 and 30; MCI—subjects with MMSE scores be-

shown to be significantly associated with increased entorhinal tau

tween 24 and 30, objective memory loss measured using the
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Descriptive characteristics of AD continuum subjects (mean � SD [min‐max])

Characteristic/test

All

CN

MCI

AD

Number

99

49

29

21

Gender, M/F

48/51

19/30

18/11

11/10

Age, years

76.5 � 6.0 (61–85)

76.1 � 5.2 (63–84)

76.8 � 7.2 (61–85)

77.1 � 6.0 (62–85)

Education, years

16.3 � 2.4 (12–20)

16.8 � 2.4 (12–20)

15.6 � 2.6 (12–20)

16.0 � 2.1 (12–20)

MMSE score

26.9 � 4.2 (9–30)

29.0 � 1.1 (26–30)

28.1 � 1.9 (24–30)

20.3 � 4.6 (9–26)

ADAS score

19.8 � 10.8 (5.0–52.0)

12.8 � 5.0 (5.0–27.0)

20.7 � 6.5 (6.0–31.67)

20.6 � 6.4 (18.33–52.0)

Total NPI score

4.9 � 8.4 (0–44)

2.3 � 5.8 (0–30)

3.7 � 3.8 (0–14)

12.4 � 13.0 (0–44)

Hyperactivity

1.6 � 3.8 (0–20)

0.6 � 2.4 (0–14)

1.7 � 3.3 (0–14)

3.9 � 5.8 (0–20)

Psychosis

1.2 � 2.4 (0–14)

0.5 � 1.1 (0–4)

1.1 � 2.1 (0–8)

2.7 � 4.0 (0–14)

Affective

0.6 � 1.4 (0–7)

0.3 � 1.1 (0–6)

0.6 � 1.0 (0–4)

1.4 � 2.1 (0–7)

Apathy

1.4 � 3.5 (0–20)

0.8 � 2.6 (0–12)

0.3 � 1.0 (0–4)

4.4 � 5.6 (0–20)

Cortical AV‐45 SUVR

1.36 � 0.19 (1.11–2.23)

1.31 � 0.16 (1.11–1.71)

1.42 � 0.22 (1.12–2.23)

1.41 � 0.18 (1.18–1.71)

Braak 1&2‐AV‐1451 SUVR
(transentorhinal)

1.54 � 0.37 (0.94–2.68)

1.31 � 0.17 (0.94–1.68)

1.60 � 0.30 (1.10–2.39)

2.00 � 0.35 (1.21–2.68)

Braak 3&4‐AV‐1451 SUVR
(medial temporal and limbic)

1.62 � 0.40 (1.20–3.68)

1.44 � 0.17 (1.22–2.02)

1.63 � 0.30 (1.20–2.37)

2.02 � 0.59 (1.29–3.68)

Braak ‐5&6_AV‐1451 SUVR
(neocortical)

1.63 � 0.42 (1.22–4.73)

1.49 � 0.15 (1.22–1.94)

1.63 � 0.24 (1.24–2.41)

1.96 � 0.76 (1.36–4.73)

Abbreviations: AD, Alzheimer's disease; ADAS, Alzheimer's disease Assessment Scale‐cognitive subscale; CN, clinically normal; F, female; M, male; MCI,
mild cognitive impairment; MMSE, Mini‐Mental State Examination; SD, standard deviation; SUVR, standardized uptake value ratio.

education‐adjusted Wechsler Memory Scale Logical Memory II score,
a Clinical Dementia Rating of 0.5, absence of significant levels of

2.2 | Standard protocol approvals, registrations,
and patient consent

impairment in other cognitive domains, essentially preserved activities of daily living, and an absence of dementia; and AD—MMSE

All participants provided written informed consent. The study was

scores less than 27, a Clinical Dementia Rating of 0.5 or 1, and

approved by the institutional review boards at all participating study

meeting the National Institute of Neurological and Communicative

sites.

Disorders and Stroke & the Alzheimer's disease and Related
Disorders Association criteria for probable AD.18
We included ADNI‐2 and ADNI‐3 data, with no duplicate en-

2.3 | NPS assessment

tries, from amyloid‐positive subjects aged 60–85 (inclusive) years
who had undergone a florbetapir (AV‐45) scan within 1 year of

NPS were assessed within 1 year of both AV‐45 and AV‐1451 scans.

undergoing an AV‐1451 scan. All participants were selected as

Out of 99 subjects, 84 and 89 were assessed before the AV‐45 and

amyloid‐positive subjects based on preestablished cutoffs (global

AV‐1451 scans, respectively, while the average number of days

florbetapir standardized uptake value ratio [SUVR] >1.11).19

counted between the NPS assessment and the scans was 14 � 97 for

Subjects also underwent neuropsychological assessment within

the former and 38 � 57 for the latter. The severity of NPS was

1 year of both AV‐45 and AV‐1451 PET imaging (total, n ¼ 138;

evaluated based on the 12‐subscore Neuropsychiatric Inventory

CN, n ¼ 63; MCI, n ¼ 42; AD, n ¼ 33). We excluded subjects who

(NPI) scale (scores range from 0 to 12, where a higher score reflects

were taking antidepressant and/or other behavioral medications to

more severe NPS). Twelve behavioral and psychological symptoms of

avoid the effects of these medications on NPS (total; n ¼ 39, CN; n

dementia categories were covered by the questionnaire: delusions,

¼ 14, MCI; n ¼ 13, AD; n ¼ 12). Finally, we used the data from 99

hallucinations,

subjects for the analysis. The sample consisted of 49 CN individuals

euphoria, apathy, disinhibition, irritability, aberrant motor behavior,

and 50 participants diagnosed with either MCI (n ¼ 29) or AD

and problems with eating and sleeping. The NPI items were further

dementia (n ¼ 21). General data of the participants (age, sex, years

classified into four domains according to the factor analysis previ-

of education, MMSE score, and AD Assessment Scale‐cognitive

ously reported by Aalten et al.20 These four domains and the

subscale‐13 [ADAS] score) were extracted from the ADNI databases

included items were (i) hyperactivity, including agitation, euphoria,

(Table 1).

disinhibition, irritability, and aberrant motor behavior (scores range

agitation/aggressiveness,

depression,

anxiety,
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from 0 to 60); (ii) psychosis, including delusions, hallucinations, and

presence of NPS symptoms whose relationship to AV‐45 and/or

night‐time behavior (scores range from 0 to 36); (iii) affective,

AV‐1451 SUVR were shown in the above‐mentioned correlation

including depression and anxiety (scores range from 0 to 24); and

analysis. The presence of NPS symptoms was defined as a symptoms

(iv) apathy, including apathy and eating abnormalities (scores range

score >0. The dependent variable was the presence of symptoms, and

from 0 to 24).

the independent variables were age, sex, years of education, cognitive function (ADAS score), and the mean AV‐45 and/or AV‐1451
SUVR. Determined discriminators were tested for their ability to

2.4 | Aβ and tau PET analysis

discriminate the groups with NPS symptoms, using receiver operating
characteristic (ROC) curves.

18

F‐AV‐1451 neuroimaging data obtained from the ADNI‐2 and

All statistical analyses were performed using SPSS for

ADNI‐3 databases were analyzed. AV‐45 scans were collected within

Windows 26.0 (IBM Japan). Statistical tests were two‐tailed, and

1 year of the AV‐1451 scans. The acquisition and image

significance was defined as a p‐value less than 0.05/n using

preprocessing protocols used are publicly available on the ADNI

Bonferroni correction (where n refers to the number of multiple

database website (http://adni.loni.usc.edu/).

comparisons).

The AV‐45 dataset represents mean AV‐45 uptake in cortical
gray matter‐weighted florbetapir of the regions of interest (ROIs) for
all participants. The ROIs included the bilateral frontal, anterior/

3 | RESULTS

posterior cingulate, lateral parietal, and lateral temporal cortices, as
defined by the ADNI group. ROI‐based AV‐45 SUVRs were calculated with reference to the AV‐45 uptake mean of the whole cerebellum. The details of the data processing method are described in

3.1 | Spearman's correlation analysis between
AV‐45‐ and AV‐1451‐ SUVRs and the total and
subscores of NPI

‘UC Berkeley‐ AV‐45 Analysis Methods (PDF)’ (https://ida.loni.usc.
edu/pages/access/studyData.jsp).

We examined the relationship between the NPI subscores and Braak

For the AV‐1451 dataset, tracer retention was quantified in

1&2‐AV‐1451 SUVR, we found a significant positive relationship

ROIs that anatomically approximated the pathological stages of

between the affective symptoms score and Braak 1&2‐AV‐1451

tangle deposition delineated by Braak and Braak.21 Weighted mean

SUVR (Table 2, Figure 1).

SUVR was calculated from three composite ROIs that corresponded
to the anatomical definitions of Braak stages 1&2 (entorhinal cortex
and hippocampus), 3&4 (medial temporal and limbic region), and
5&6 (neocortical region) with reference to the mean AV‐1451
uptake of the inferior cerebellum. The details of the data processing

3.2 | Comparison of SUVR values between subjects
with and without affective symptoms in the amyloid‐
positive group

method are described in ‘UC Berkeley‐Flortaucipir (AV‐1451)
processing methods (PDF)’ (https://ida.loni.usc.edu/pages/access/

We found significantly high tau accumulation in Braak stage 1&2

studyData.jsp).

areas in the subjects with affective symptoms (Table 3). However, we
did not observe a difference in cortical amyloid or tau accumulation
in Braak stage 3&4 and 5&6 areas (Table 3).

2.5 | Statistics
All demographic characteristics data, NPI scores, and AV‐45 and
AV‐1451 SUVRs from composite ROIs of subjects showed skewed
distribution. Spearman's correlation analysis between SUVRs of AV‐

3.3 | Stepwise backward deletion multiple logistic
regression analysis discriminating the presence of
symptomatic cluster in the amyloid‐positive subjects

45 and AV‐1451 from composite ROIs and total NPI scores was
conducted. We also examined the relationship of any symptomatic

We identified tau accumulation in Braak stage 1&2 areas as a sig-

cluster of the four NPI domains (hyperactivity, psychosis, affective,

nificant covariate in the best model discriminating the presence of

and apathy) with SUVRs. When we found a significant relationship

affective symptoms (Table 4). The area under the ROC (AUROC)

between AV‐45 and/or AV‐1451 SUVR and any symptomatic cluster

curve method showed that the optimal cutoff of Braak 1&2‐AV‐1451

of the four NPI domains, the Mann–Whitney U‐test was used to

SUVR for the discrimination of the presence of affective symptoms

compare SUVR values between the groups with and without the

was 1.714 (sensitivity ¼ 60.0%, specificity ¼ 83.8%, AUROC ¼ 0.70,

symptom for which a relationship was observed in the above‐

negative predictive value ¼ 86.1%, positive predictive value ¼ 55.6%,

mentioned correlation analysis.
In addition, stepwise backward deletion multiple logistic
regression analysis was used to determine the discriminators of the

accuracy ¼ 77.7%), indicating its value as a potential tool for
discriminating the risk of affective symptoms due to AD pathology
(Figure 2).
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Spearman's correlation between NPI total and subscores and AV‐45 and AV‐1451 SUVR in AD continuum subjects
r (p)
Total NPI score

Hyper activity

Psychosis

Affective

Apathy

Cortical AV‐45_SUVR

0.22 (0.032)

0.21 (0.036)

0.08 (0.421)

0.09 (0.393)

0.12 (0.235)

Braak 1&2‐AV‐1451 SUVR (transentorhinal)

0.43 (<0.001*)

0.20 (0.044)

0.25 (0.013)

0.31 (0.002*)

0.16 (0.126)

Braak 3&4‐AV‐1451 SUVR (medial temporal and limbic)

0.28 (0.006)

0.15 (0.144)

0.15 (0.151)

0.23 (0.021)

0.07 (0.481)

Braak 5&6‐AV‐1451 SUVR (neocortical)

0.24 (0.015)

0.13 (0.203)

0.09 (0.382)

0.22 (0.029)

0.02 (0.819)

Abbreviations: AD, Alzheimer's disease; NPI, Neuropsychiatric Inventory; SUVR, standardized uptake value ratio.
*p < 0.0025 (0.05/20).

may result in biased cognitive processing and preclude successful
modulation of DMN activity during mood regulation; this could then
cause affective symptoms in amyloid‐positive subjects.
Previous articles have suggested that affective symptoms are
major indicators of AD progression.24 Elderly individuals with
affective symptoms who show no overt clinical indications of
dementia are nonetheless at a particularly high risk for AD.25
Additionally, more pronounced neuropathological changes occur in
individuals with affective symptoms at the time of AD diagnosis.26
Furthermore, one study27 showed that patients with both MCI and
affective symptoms have a higher risk of developing AD than those
with MCI alone. Together, these findings support our observation of
the association between affective symptoms and more severe tau
pathology, which are related to a higher risk of the development and
progression of AD in amyloid‐positive subjects.
F I G U R E 1 Scatter plot of the correlation between tau
aggregation in the transentorhinal cortex (Braak 1&2‐AV‐1451
SUVR) and affective symptoms score in amyloid‐positive subjects.
There was a significant correlation between Braak 1&2‐AV‐1451
SUVR and affective symptoms scores. SUVR, standardized uptake
value ratio

The present study investigated the influence of clinico‐
demographic factors and transentorhinal tau pathology on affective
symptoms in subjects of AD continuum. Using stepwise multivariate
logistic regression analysis, we established that the vulnerability to
affective symptoms can be significantly discriminated by tau
accumulation in the transentorhinal cortex in AD continuum subjects.
In the ROC curve analysis, we showed that the tau accumulation in

4 | DISCUSSION

the transentorhinal cortex could classify 60.0% of subjects with the
presence of affective symptoms and 83.8% of them with an absence

To the best of our knowledge, this is the first in vivo PET imaging

of affective symptoms with 77.8% accuracy. ROC curve analysis

study to show a relationship between NPS and tau pathology of the

indicated the value of the tau accumulation in the transentorhinal

transentorhinal cortex in AD continuum subjects. Tau aggregation in

cortex as a potential screening tool for detecting the vulnerability of

the Braak 1&2 (transentorhinal) regions, where neurodegeneration

affective symptoms due to AD pathology.

has been shown to be affected by tau pathology in the early stages of

Our study has several limitations. First, we searched for ADNI

AD, correlated with more severe NPS, especially the affective

subjects who had both Aβ and tau PET scans acquired at time points

symptoms such as depression and anxiety.

close to each other and the NPS assessments. The rigid timing

Emotional dysregulation, characterized by the increased elabo-

specifications reduced the number of available subjects. Second, as

ration of negative information, difficulties disengaging from negative

our research focused on the relationship between NPS and AD

material, and deficits in cognitive control when processing negative

pathologies, subjects who were on antidepressants and/or on med-

information due to biased cognitive processing, is one of the central

ications for other behavioral issues were excluded from this study.

22

The transentorhinal cortex has

This was done in an effort to avoid the effects of these medications

extensive connections with the frontal lobes and the limbic system,

on NPS, even though it may have resulted in a bias towards

including the default mode network (DMN), which is associated with

recruiting individuals with fewer symptoms NPS. Third, given that

emotion regulation23; thus, cell death in this region may disrupt

the NPI is based on responses from an informed caregiver, NPI

pathways involved in emotional and behavioral regulation. Dysfunc-

scores may not accurately reflect the NPS of study participants.

tion of the transentorhinal cortex due to an increase in tau pathology

Fourth, although previous studies have suggested an association

features of affective symptoms.
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Comparison of SUVR values between the groups of affective symptoms ( ) and (þ) in AD continuum subjects (mean � SD [min‐

SUVR values (mean ± SD [min‐max])

Mann–
Whitney U

Region

Affective symptoms (¡) (n ¼ 74)

Affective symptoms (þ) (n ¼ 25)

Z

p

Cortical AV‐45 SUVR

1.35 � 0.19 (1.11–2.23)

1.39 � 0.19 (1.12–1.71)

1.176

0.240

Braak 1&2‐av‐1451 SUVR (transentorhinal)

1.47 � 0.33 (0.94–2.53)

1.75 � 0.41 (1.07–2.68)

3.020

0.003*

Braak 3&4‐av‐1451 SUVR (medial temporal and limbic)

1.58 � 0.41 (1.20–3.68)

1.73 � 0.37 (1.26–2.54)

2.384

0.017

Braak 5&6‐av‐1451 SUVR (neocortical)

1.60 � 0.45 (1.22‐4.73)

1.73 � 0.33 (1.27–2.45)

2.392

0.017

Abbreviations: AD, Alzheimer's disease; SD, standard deviation; SUVR, standardized uptake value ratio.
*p < 0.0125 (0.05/4).

T A B L E 4 Results of a stepwise
backward deletion multivariate logistic
regression analysis discriminating the
positiveness of affective symptoms in AD
continuum subjects

Step

β

OR

95% CI

Wald (df ¼ 1) p

Model 1 (χ25 ¼ 13.6, p ¼ 0.018)
Age

0.04

1.05 0.95–1.15 0.846

0.358

Gender

0.14

1.15 0.37–3.55 0.056

0.814

Education

0.15

0.86 0.69–1.06 1.964

0.161

ADAS scores

0.001 1.00 0.93–1.07 0.001

0.970

Braak 1&2‐AV‐1451 SUVR

2.00

7.41 0.93–59.3 3.561

0.059

Age

0.04

1.05 0.95–1.15 0.857

0.354

Gender

0.14

1.15 0.39–3.39 0.067

0.814

Education

0.15

0.86 0.70–1.06 2.021

0.155

Braak 1&2‐AV‐1451 SUVR

1.97

7.18 1.94–26.6 8.681

0.003

Age

0.04

1.04 0.95–1.13 0.806

0.369

Education

0.16

0.85 0.69–1.05 2.309

0.129

Braak 1&2‐AV‐1451 SUVR

1.96

7.10 1.92–26.2 8.659

0.003

Education

0.17

0.85 0.69–1.04 2.537

0.111

Braak 1&2‐AV‐1451 SUVR

1.97

7.17 1.92–26.2 8.884

0.003

Braak 1&2‐AV‐1451 SUVR

1.99

7.33 2.02–26.6 9.164

0.002

AUROC of model 5

0.70

‐

‐

‐

‐

Youden's index

0.44

‐

‐

‐

‐

Cut‐off value of Braak 1&2 AV‐1451 SUVR

1.714 ‐

‐

‐

‐

Model 2 (χ24 ¼ 13.6, p ¼ 0.009)

2

Model 3 (χ

2

Model 4 (χ

2

Model 5 (χ

3

2

1

¼ 13.6, p ¼ 0.004)

¼ 12.7, p ¼ 0.002)

¼ 10.1, p ¼ 0.001)

Specificity (%)

60.0

‐

‐

‐

‐

Sensitivity (%)

83.8

‐

‐

‐

‐

PPV (%)

55.6

‐

‐

‐

‐

NPV (%)

86.1

‐

‐

‐

‐

Accuracy (%)

77.7

‐

‐

‐

‐

Note: The criterion for choosing the operating point along the receiver operating characteristic curve
was Youden's index maximum.
Abbreviations: AD, Alzheimer's disease; ADAS, Alzheimer's disease Assessment Scale‐cognitive
subscale; AUROC, area under the receiver operating characteristic curve; CI, confidence interval;
NPV, negative predictive value; OR, odds ratio; PPV, positive predictive value; SUVR, standardized
uptake value ratio.
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early stage of AD, correlated with more severe NPS, especially the
affective symptoms (depression and anxiety) in subjects of AD continuum. We established that the vulnerability to affective symptoms
can be significantly discriminated by tau accumulation in the transentorhinal cortex in AD continuum subjects. The sample size of this
study was modest; with its results await verification by future studies
with larger samples. Nonetheless, there is a possibility that tau
accumulation in the transentorhinal cortex is a potential biological
marker of the vulnerability to affective symptoms in AD continuum
subjects.
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