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INTRODUCTION

Abstract

Background: Alzheimer’s disease (AD) has a high incidence in the elderly.
Besides cognitive disorders, patients may also develop behavioural and
psychological symptoms of dementia (BPSD), which can be particularly dis-
abling for patients and families. BPSD encompass a wide range of symp-
toms, among which psychotic symptoms and disruptive behaviours often
prompt the first related hospitalization and request for family support. The
aetiological mechanism of BPSD has not yet been clarified, and no predic-
tive or risk factors have been identified. The main objectives of our study
are to describe the frequency of aggression/agitation and psychotic symp-
toms, defined ‘positive BPSD’, in a cohort of 60 AD patients, identify areas
of the brain involved in behavioural symptomatology through brain '8F-
fluorodesoxyglucose-positron emission tomography (FDG-PET), and inves-
tigate a potential predictive role of brain FDG-PET in BPSD development.
Methods: A cohort of 60 AD patients was retrospectively enrolled and regu-
larly followed for at least 3 years. Each subject underwent brain FDG-PET at
the time of diagnosis. Patients were divided into three groups based on the
presence of behavioural disturbances: present, absent, and developed later.
Results: Of the 60 AD patients in the cohort, 52% had positive BPSD: 17 at
baseline and 14 during the 3-year follow-up. FDG-PET identified an associ-
ation between hypometabolism in the bilateral temporal lobes and the pres-
ence of BPSD, and showed initial hypometabolism in the postero-temporal
lobes 3 years before symptom onset.

Conclusions: Positive BPSD are frequently manifested in AD. Our study
identified the temporal lobes as the neurobiological substrate of positive
BPSD and FDG-PET as a potential instument to predict their developement.
Temporal lobes are involved in processing facial expression and recogniz-
ing emotions; an impairment of these functions could cause delusions and
agitated/aggressive behaviour. To confirm the potential predictive role of
FDG-PET in the onset of BPSD in AD, further studies are needed.

to all types of dementia and that occur in up to 90%

Alzheimer’'s disease (AD) is the most frequently
occurring neurodegenerative disorder. Its progressive
chronic course starts from a phase of mild symptom-
atology and reaches dementia. The behavioural and
psychological symptoms of dementia (BPSD) are a
heterogeneous group of symptoms that are common
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of AD patients.”™ The frequency of each symptom
varies among patients and during the disease
course.”” BPSD may include depression, apathy,
delusions/hallucinations, and agitation/aggression,
which are the most common symptoms, occurring in
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20-50% of patients.®'" The onset of BPSD is related
to patients, caregivers, and environmental
factors,'®"" but predicting their development is an
unmet need in the management of AD patients. Many
past studies focused on identifying the neurobiological
underpinnings of BPSD,'?=° but their results have
been controversial.®" In particular, there has been no
consensus or agreement on symptom defini-
tions.'*®'*2 Among BPSD, aggression/agitation and
psychotic symptoms are the most common reason for
hospitalization and institutionalization, and they can
greatly affect patients’ and caregivers’ quality of
life."®™ Moreover, previous studies reported that they
often occur together.?>

In the present study we retrospectively assessed
the occurrence of agitation/aggression and psychotic
symptoms over a 3-year period in a cohort of AD
patients. Because of frequent symptom overlap, we
have combined these symptoms into a category: ‘pos-
itive BPSD’. We used brain '8F-fluorodesoxyglucose-
positron emission tomography (FDG-PET) to evaluate
a possible common metabolic pattern of positive
BPSD and to explore whether such a pattern could
have a role in predicting their onset.

METHODS
Subjects were patients diagnosed with AD who had
been referred to the Neurology Department of Careggi
University Hospital (Florence, Italy) between January
2008 and November 2014. Subjects were retrospec-
tively enrolled if they had undergone FDG-PET at the
time of clinical diagnosis and had received follow-up
treatment for at least 3 years. Patients were diagnosed
with AD based on clinical and neuroimaging data
according to the National Institute on Aging and the
Alzheimer's Assocation workgroup’s 2011 criteria®;
diagnoses made before 2011 were revised, and patients
were included only if they met the 2011 criteria.®®
Clinico-demographic information included gender,
age at symptom onset, education, medical history,
and family history of dementia. Each subject under-
went a brain magnetic resonance imaging (or, when
not possible, computed tomography) and FDG-PET
at baseline. Neuropsychological assessment included
the Mini-Mental State Examination (MMSE),* Frontal
Assessment Battery,®® forward and backward digit
span test,*® forward and backward Corsi span test,3®
and logical memory. Positive BPSD were classified

as present when a patient scored >6 (3 frequent x 2
moderate severity) on at least one item among the psy-
chotic core (delusion and hallucination) and agitation
on the Neuropsychiatric Inventory (NPI) or if a patient
was currently using antipsychotic drugs.®”*® At each
follow-up, general cognition and BPSD were evaluated
by the MMSE and Neuropsychiatric Inventory.3*3”
Based on the presence of BPSD, the subjects
were divided into three groups: (i) AD patients without
BPSD (AD-noBPSD); (i) AD patients with BPSD at
the time of FDG-PET (AD-BPSD); and (iii) AD patients
who did not have BPSD at the time of FDG-PET but
developed symptoms later (AD-BPSD developers).
The study was performed in accordance with
the ethical standards of the institutional research
committee and with the Declaration of Helsinki.

FDG-PET brain images

Scans were performed using a Philips Gemini TF16
PET/CT (Philips Medical System, Eindhoven,
Netherlands) at the Nuclear Medicine Unit of Care-
ggi University Hospital, Florence. Image acquisi-
tion started 30 min after FDG injection (3.7MBg/kg)
at rest in a dimly lit and silent room. PET images
were subsequently reconstructed using an iterative
algorithm (3-D Line of response reconstruction,
Field of view: 256, 128 x 128 matrix, 2 x 2 x 2-mm
voxel size).

Statistical analysis

Clinico-demographic features of patients’ groups were

compared with anova for continuous variables; multiple

groups were compared for dichotomic variables.
Statistical analyses were performed with SPSS

Statistics ver. 20.0 (IBM Corp., Armonk, NY, USA).

Statistical parametric mapping analysis

Voxel-based analyses of FDG-PET were performed
with SPM12 software (The Wellcome Centre of
Human Neuroimaging, UCL Queen Square Institute
of NEurology, London, UK). Multivariate anova routine
with post-hoc t-contrasts were performed to com-
pare FDG-PET scans of the three group with those of
50 control subjects selected from the Italian Associa-
tion of Nuclear Medicine FDG-PET normal subject
database. Age was set as a nuisance variable. The
control subjects consisted of 24 men and 26 women
with a mean age of 62.32 + 13.89 years, a mean
education of 11.16 + 4.29 years, and a mean MMSE
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Table 1 Clinico-demographic features of AD patient subgroups by BPSD

AD-noBPSD AD- AD- P-

(n=29) BPSD (n = 17) BPSDdeveloper (n = 14) value
Age (years), mean + SD 722 +5.8 747 £ 71 71.65+ 9.5 0.40
Male patients, n (%) 13 (44.8) 9 (52.9) 5(35.7) 0.79
Education (years), mean + SD 7.1 +3.67 7.7+46 71 +47 0.86
Time from diagnosis to FDG-PET (years), 1.97 £1.34 1.88 +£1.58 2.05+1.14 0.93

mean + SD

MMSE at baseline, mean + SD 25.44 + 3.6 20.41 £ 3.7 20.92 + 3.5 <0.001
Follow-up period (years), mean + SD 3.75+1.9 29+23 3.58 + 2.1 0.45
MMSE at 3-year follow-up, mean + SD 23.85+8 15.84 +7 159+ 6 0.001

AD, Alzheimer’s disease; BPSD, behavioural and psychological symptoms of dementia; FDG-PET, "®F-fluorodesoxyglucose-positron emission tomography;
MMSE, Mini-Mental State Examination; AD-noBPSD, AD patients without BPSD; AD-BPSD, AD patients with BPSD at the time of FDG-PET; AD-
BPSDdeveloper, AD patients who developed BPSD after FDG-PET.

Table 2 Clusters of significant hypometabolism in AD-noBPSD patients as compared to controls

Cluster extent X Y z Localization BA T Z-score
199 —26.0 -35.0 0.0 Left hippocampus Hippocampus 3.81 3.74
789 0.0 —-41.0 32.0 Left cingulate gyrus 31 4.16 4.08
6.0 —62.0 36.0 Right precuneus 7 411 4.02
-8.0 —63.0 31.0 Left precuneus 7 3.73 3.66
38 —44.0 —-52.0 43.0 Left inferior parietal lobule 40 3.68 3.62
AD-noBPSD, patients with Alzheimer’s disease without behavioural and psychological symptoms of dementia; BA, Brodmann areas; T, T-score.
Table 3 Clusters of significant hypometabolism in AD-BPSD patients as compared to controls
Cluster extent X Y z Localization BA T Z-score
3919 46.0 —-59.0 32.0 Right superior temporal gyrus 39 7.25 6.84
57.0 —45.0 -10.0 Right inferior temporal gyrus 20 5.45 5.26
61.0 —-41.0 0.0 Right middle temporal gyrus 21 5.42 5.24
3964 —-61.0 —-35.0 -3.0 Left middle temporal gyrus 21 6.39 6.10
—46.0 —61.0 29.0 Left middle temporal gyrus 39 6.00 5.75
-50.0 -53.0 19.0 Left superior temporal gyrus 22 5.80 5.58
2637 —6.0 —55.0 29.0 Left cingulate gyrus 31 5.75 5.53
8.0 —47.0 32.0 Right precuneus 31 5.56 5.36
6.0 -59.0 34.0 Right precuneus 7 517 5.01
244 —-46.0 11.0 -11.0 Left superior temporal gyrus 38 3.71 3.65
-51.0 0.0 -2.0 Left superior temporal gyrus 22 3.51 3.45
73 —44.0 —-19.0 10.0 Left superior temporal gyrus 13 3.69 3.63
30 50.0 0.0 -7.0 Right superior temporal gyrus 38 3.17 3.12

AD-BPSD, patients with Alzheimer’s disease and behavioural and psychological symptoms of dementia; BA, Brodmann areas; T, T-score.

score of 29.23 + 0.94; each control subject had had
a follow-up assessment of cognitive status after at
least 1 year. Further, the three patient group were
compared, with age and MMSE as the nuisance vari-
ables. FDG-PET scans were adjusted for the global
mean by proportional scaling. Results were examined
at P < 0.001, uncorrected (cluster extent >20 voxels).
The anatomic location of brain regions showing sig-
nificant effects was described with Talairach and
Tournoux coordinates.
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RESULTS

A sample of 60 AD subjects (27 men, 33 women) was
collected; their average age was 72.9 years, and their
mean MMSE was 22.9 at baseline. With respect to the
presence of BPSD, 29 AD-noBPSD, 17 AD-BPSD,
and 14 AD-BPSDdeveloper were identified. The three
groups were comparable in terms of age, gender, edu-
cation, and family history of dementia. AD-noBPSD
had a higher MMSE score at baseline and during
the 3-year follow-up than AD-BPSDdeveloper and
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Table 4 Clusters of significant hypometabolism in AD-BPSDdeveloper patients as compared to controls

Cluster extent X Y z Localization BA T Z-score
7862 —-46.0 -59.0 32.0 Left superior temporal gyrus 39 7.30 6.88
6.0 -53.0 30.0 Right cingulate gyrus 31 7.11 6.71
—-4.0 -55.0 27.0 Left cingulate gyrus 31 6.18 5.92
231 -59.0 -37.0 -10.0 Left middle temporal gyrus 21 4.39 4.28
275 -36.0 —49.0 -1.0 Left parahippocampal gyrus 19 3.85 3.78
—36.0 —28.0 —-10.0 Left parahippocampal gyrus 36 3.21 3.16

AD-BPSDdeveloper, patients with Alzheimer’s disease who developed behavioural and psychological symptoms of dementia after '®F-fluorodesoxyglucose-

positron emission tomography; BA, Brodmann areas; T, T-score.

Figure 1 Areas of significant hypometabolism in AD-noBPSD, AD-BPSDdeveloper, and AD-BPSD as compared to controls. (a) AD-
noBPSD: PCC, precuneus, bilateral medial temporal and parieto-temporal cortices; (b) AD-BPSDdeveloper: PCC, precuneus, bilateral
medial temporal and parieto-temporal cortices, superior temporal gyri and left parahippocampal gyrus; (c) AD-BPSD: PCC, precuneus, bilat-
eral medial temporal and parieto-temporal cortices, and bilateral superior, middle, and inferior temporal gyri. AD, Alzheimer’s disease; BPSD,
behavioural and psychological symptoms of dementia; FDG-PET, '8F-fluorodesoxyglucose-positron emission tomography; AD-noBPSD,
AD patients without BPSD; AD-BPSD, AD patients with BPSD at the time of FDG-PET; AD-BPSDdeveloper, AD patients who developed

BPSD after FDG-PET; PCC, posterior cingulate cortex.

AD-BPSD (Table 1). In contrast to the controls, all AD
patients had a typical AD pattern on FDG-PET
imaging, with significant hypometabolism in the
bilateral posterior cingulate cortex, precuneus, and
bilateral medial temporal and parieto-temporal cortices
(Table 2). In addition to having the prototypical AD pat-
tern, AD-BPSDdeveloper had further involvement of the
superior temporal gyri and the left parahippocampal
gyrus (Table 3), whereas AD-BPSD had involvement of
the bilateral superior, middle, and inferior temporal gyri
(Table 4). The hypometabolic pattern of each group in
comparison to control subjects is shown in Figure 1.
We also compared FDG-PET imaging among the three
AD groups. Compared to AD-noBPSD, AD-BPSD
showed significant hypometabolism in the bilateral supe-
rior, middle, and inferior temporal gyri, but compared to

AD-BPSDdeveloper, AD-BPSD showed hypometabolism
in the middle and inferior temporal gyrus (Table 5).
Compared to AD-noBPSD, AD-BPSDdeveloper had sig-
nificant hypometabolism only in the bilateral superior
temporal gyrus (Table 5, Fig. 2). No other clusters of
significant hypometabolism were found in the between-
group analysis.

DISCUSSION

In the present cohort of 60 AD patients, 52% presented
positive BPSD: 17 at baseline and 14 during the 3-year
follow-up period. BPSD were associated both with mild
AD at baseline and with moderate AD when they devel-
oped during the follow-up period. In the literature, the
frequency of BPSD in AD patients ranges from 30%

© 2021 Japanese Psychogeriatric Society.
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Table 5 Comparisons of clusters of significant hypometabolism

Cluster extent X Y Z Localization BA T Z-score
AD-BPSD < AD-noBPSD
1463 63.0 —43.0 -3.0 Right middle temporal gyrus 21 4.25 3.93
55.0 -1.0 -12.0 Right middle temporal gyrus 21 3.79 3.56
46.0 17.0 -11.0 Right superior temporal gyrus 38 3.77 3.54
150 42.0 -57.0 30.0 Right superior temporal gyrus 39 4.03 3.75
AD-BPSD < AD-BPSDdeveloper
52 57.0 -1.0 -13.0 Right middle temporal gyrus 21 3.33 3.17
32 50.0 6.0 -32.0 Right middle temporal gyrus 21 3.33 3.17
AD-BPSDdeveloper < AD-noBSDS
192 —42.0 -55.0 30.0 Left superior temporal gyrus 39 4.26 3.94
71 42.0 -57.0 30.0 Right superior temporal gyrus 39 3.91 3.66

AD, Alzheimer’s disease; BPSD, behavioural and psychological symptoms of dementia; FDG-PET, "®F-fluorodesoxyglucose-positron emission tomography;
AD-noBPSD, AD patients without BPSD; AD-BPSD, AD patients with BPSD at the time of FDG-PET; AD-BPSDdeveloper, AD patients who developed BPSD

after FDG-PET; BA, Brodmann areas; T, T-score.

Figure 2 Areas of significant hypometabolism in (left) AD-BPSD as compared to AD-noBPSD (blue): bilateral superior, middle, and inferior
temporal gyri; (centre) AD-BPSD as compared to AD-BPSDdeveloper (green): middle and inferior temporal gyrus; and (right) AD-
BPSDdeveloper as compared to AD-noBPSD (yellow): bilateral superior temporal gyrus. AD, Alzheimer’s disease; BPSD, behavioural and
psychological symptoms of dementia; FDG-PET, "8F-fluorodesoxyglucose-positron emission tomography; AD-noBPSD, AD patients without
BPSD; AD-BPSD, AD patients with BPSD at the time of FDG-PET; AD-BPSDdeveloper, AD patients who developed BPSD after FDG-PET.

to 90%,"™ and positve BPSD are described with
similar frequency both in mild and moderate-severe
AD stages.>’ The three subgroups—AD-noBPSD,
AD-BPSD, and AD-BPSDdeveloper—were comparable
in terms of age, gender, education, and family history of
dementia, but there were differences in MMSE score at
baseline, with AD-noBPSD having the highest score.
Our analysis of FDG-PET showed an association
between brain hypometabolism in the temporal cortex
and the presence of BPSD in AD. Moreover, we demon-
strated that temporal cerebral metabolism was already
reduced 2-3 years before the onset of BPSD in the
superior regions. However, the study of the anatomical
basis of BPSD, in literature data, has provided inconsis-
tent results. Most data have indicated that temporal
lobe dysfunction is associated with aggressive
behaviour,®1%3° but associations with the orbito-frontal
area,'®'*%% insula region, and cingulate region have
been also suggested.'® The discrepancies in the results

© 2021 Japanese Psychogeriatric Society.

are due to the heterogeneity among studies in terms of
the definition of neuropsychiatric symptoms, symptom
severity, and type of neuroimaging analysis. In our
study, most AD patients presented a physically agitated
behaviour, as defined by Banno et al.,'* who, like us,
described an association between these symptoms and
the right superior temporal sulcus on brain perfusion
single-photon emission computer tomography.

The superior temporal cortex has been recognized
as having a fundamental role in the processing of
facial expressions, which is crucial for social behaviour
and the recognition of emotion.*'** Functional mag-
netic resonance imaging studies conducted on healthy
subjects showed an activation of the bilateral superior
temporal sulcus during the coding of different facial
movements with social and emotional meaning.*®
Face and emotion perception are impaired in patients
with schizophrenia, and investigations have typically
found a reduction in the volume of the medial,
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superior, middle, and inferior temporal lobe and the
fusiform regions in those patients, as compared to
controls.**%5 Schizophrenic patients also show aber-
rant activity in the superior temporal sulcus during
social cognition, indicating that impaired perceptions
of emotions and intentions could contribute to the
development of delusions.*® Similarly, the temporal
hypometabolism identified in our patients with positive
BPSD could indicate impairment in understanding
facial expressions and in perceiving and communicat-
ing emotions, thus resulting in delusions and agitated
and aggressive behaviour.

Although the statistical parametric mapping analysis
was corrected for the severity of cognitive decline, we
cannot completely rule out the influence of AD severity
on the differing hypometabolic patterns in the three
groups. In fact, AD-noBPSD patients had a higher
MMSE score at baseline and after 3 years’ follow-up
than AD-BPSD and AD-BPSDdeveloper patients. AD-
BPSD and AD-BPSDdeveloper had the same severity
of cognitive impairment at baseline. However, they had
different regional hypometabolism on PET imaging,
which supports the hypothesis that the varying hypo-
metabolic patterns was not due to AD severity.

The present study highlighted and confirmed the
association between hypometabolism in the temporal
lobe area and the presence of BPSD symptoms in
AD patients. To our knowledge, no other studies
have evaluated the role of FDG-PET imaging in the
prediction of BPSD development. Our data suggest
that hypometabolism in the superior temporal lobes
can be identified 3 years before the onset of positive
BPSD. However, no previous studies have evaluated
aggression/agitation and psychotic symptoms
together, and their correlation needs to be confirmed.

This is the first study to identify a possible com-
mon predictor of the development of aggression/agi-
tation and psychotic symptom in AD patients, and it
provides a starting point for further research.
Because of the limited sample size, larger replicative
studies are required. This may lead to a deeper
understanding of these disorders in the future, hence
contributing to better patient management or even
the development of prevention strategies.

ACKNOWLEDGMENTS

We thank the Italian Association of Nuclear Medicine
(AIMN), as well as the following institutions
6

and researchers, for sharing the FDG-PET scans
and demographic and clinical information of 345 sub-
jects in its database of healthy subjects: Flavio Nobili
and Silvia Morbelli, University of Genoa and Scientific
Hospitalization and Treatment Institute Ospedale
Policlinico San Martino, Genoa; Stelvio Sestini,
Nuclear Medicine Unit, Santo Stefano Prato Hospital,
Prato; Angelina Cistaro, PET Centre AFFIDEA IRMET,
Turin; Sabina Pappata, Institute of Biostructure and
Bioimaging of the Consiglio nazionale delle Ricerche,
Naples; Duccio Volterrani, Regional Center of Nuclear
Medicine, Hospital University of Pisa, Pisa; Valentina
Berti and Alberto Pupi, Nuclear Medicine Unit, Uni-
versity of Florence, Florence; Maria Lucia Calcagni,
Nuclear Medicine Unit, Universita Cattolica del Sacro
Cuore, Rome.

REFERENCES

1 Finkel SI, Costa e Silva J, Cohen G, Miller S, Sartorius N.
Behavioral and psychological signs and symptoms of demen-
tia: a consensus statement on current knowledge and implica-
tions for research and treatment. Int Psychogeriatr 1996; 8:
497-500.

2 Cerejeira J, Lagarto L, Mukaetova-Ladinska EB. Behavioral and
psychological symptoms of dementia. Front Neurol 2012; 3: 73.

3 Feast A, Moniz-Cook E, Stoner C, Charlesworth G, Orrell M. A
systematic review of the relationship between behavioral and
psychological symptoms (BPSD) and caregiver well-being. Int
Psychogeriatr 2016; 28: 1761-1774.

4 Chakraborty S, Lennon JC, Malkaram SA, Zeng Y, Fisher DW,
Dong H. Serotonergic system, cognition, and BPSD in
Alzheimer’s disease. Neurosci Lett 2019; 704: 36-44.

5 Shimabukuro J, Awata S, Matsuoka H. Behavioral and psycho-
logical symptoms of dementia characteristic of mild Alzheimer
patients. Psychiatry Clin Neurosci 2005; 59: 274-279.

6 Tanaka H, Hashimoto M, Fukuhara R et al. Relationship
between dementia severity and behavioural and psychological
symptoms in early-onset Alzheimer’s disease. Psychogeriatrics
2015; 15: 242-247.

7 Huang SS, Wang W, Liao Y. Severity and prevalence of behavioral
and psychological symptoms among patients of different demen-
tia stages in Taiwan. Arch Clin Psychiatry 2017; 44: 89-93.

8 Aalten P, de Vugt ME, Lousberg R et al. Behavioral problems in
dementia: a factor analysis of the Neuropsychiatric Inventory.
Dement Geriatr Cogn Disord 2003; 15: 99-105.

9 Steinberg M, Tschanz JT, Corcoran C et al. The persistence of
neuropsychiatric symptoms in dementia: the Cache County
Study. Int J Geriatr Psychiatry 2004; 19: 19-26.

10 Kales HC, Gitlin LN, Lyketsos CG. Assessment and manage-
ment of behavioral and psychological symptoms of dementia.
BMJ 2015; 350: 369.

11 Tible OP, Riese F, Savaskan E, von Gunten A. Best practice in
the management of behavioural and psychological symptoms
of dementia. Ther Adv Neurol Disord 2017; 10: 297-309.

12 Sultzer DL, Mahler ME, Mandelkern MA et al. The relationship
between psychiatric symptoms and regional cortical

© 2021 Japanese Psychogeriatric Society.



BPSD in Alzheimer’s discase

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

metabolism in Alzheimer’s disease. J Neuropsychiatry Clin
Neurosci 1995; 7: 476-484.

Lanctét KL, Herrmann N, Nadkarni NK et al. Medial temporal
hypoperfusion and aggression in Alzheimer disease. Arch Neu-
rol 2004; 61: 1731-1737.

Banno K, Nakaaki S, Sato J et al. Neural basis of three dimen-
sions of agitated behaviors in patients with Alzheimer disease.
Neuropsychiatr Dis Treat 2014; 10: 339-348.

Weissberger GH, Melrose RJ, Narvaez TA, Harwood D,
Mandelkern MA, Sultzer DL. '8F-fluorodeoxyglucose positron
emission tomography cortical metabolic activity associated
with distinct agitation behaviors in Alzheimer disease.
Am J Geriatr Psychiatry 2017; 25: 569-579.

Hirono N, Mega MS, Dinov ID, Mishkin F, Cummings JL. Left
frontotemporal hypoperfusion is associated with aggression in
patients with dementia. Arch Neurol 2000; 57: 861-866.

Tsai CF, Hung CW, Lirg JF, Wang SJ, Fuh JL. Differences in brain
metabolism  associated with agitation and depression
in Alzheimer’s disease. East Asian Arch Psychiatry 2013; 23: 86-90.
Mentis MJ, Weinstein EA, Horwitz B et al. Abnormal brain glu-
cose metabolism in the delusional misidentification syndromes:
a positron emission tomography study in Alzheimer disease.
Biol Psychiatry 1995; 38: 438-449.

Mega MS, Lee L, Dinov ID, Mishkin F, Toga AW, Cummings JL.
Cerebral correlates of psychotic symptoms in Alzheimer’s dis-
ease. J Neurol Neurosurg Psychiatry 2000; 69: 167-171.

Robert PH, Verhey FR, Byrne EJ et al. Grouping for behavioral
and psychological symptoms in dementia: clinical and biologi-
cal aspects. Consensus paper of the European Alzheimer Dis-
ease Consortium. Eur Psychiatry 2005; 20: 490-496.

Forstl H, Besthorn C, Burns A, Geiger-Kabisch C, Levy R,
Sattel A. Delusional misidentification in Alzheimer’s disease: a
summary of clinical and biological aspects. Psychopathology
1994; 27: 194-199.

Geroldi C, Akkawi NM, Galluzzi S et al. Temporal lobe asymme-
try in patients with Alzheimer’s disease with delusions. Neurol
Neurosurg Psychiatry 2000; 69: 187-191.

Staff RT, Shanks MF, Macintosh L, Pestell SJ, Gemmell HG,
Venneri A. Delusions in Alzheimer’s disease: SPET evidence of
right hemispheric dysfunction. Cortex 1999; 35: 549-560.
Nomura K, Kazui H, Wada T et al. Classification of delusions in
Alzheimer’s disease and their neural correlates. Psycho-
geriatrics 2012; 12: 200-210.

Sultzer DL, Brown CV, Mandelkern MA et al. Delusional
thoughts and regional frontal/temporal cortex metabolism in
Alzheimer’s disease. Am J Psychiatry 2003; 160: 341-349.
Ismail Z, Nguyen MQ, Fischer CE, Schweizer TA, Mulsant BH,
Mamo D. Neurobiology of delusions in Alzheimer’s disease.
Curr Psychiatry Rep 2011; 13: 211-218.

Ismail Z, Nguyen MQ, Fischer CE, Schweizer TA, Mulsant BH.
Neuroimaging of delusions in Alzheimer’s disease. Psychiatry
Res 2012; 202: 89-95.

Kotrla KJ, Chacko RC, Harper RG, Jhingran S, Doody R.
SPECT findings on psychosis in Alzheimer's disease.
Am J Psychiatry 1995; 152: 1470-1475.

Rolland Y, Payoux P, Lauwers-Cances V, Voisin T,
Esquerré JP, Vellas B. A SPECT study of wandering behavior in
Alzheimer’s disease. Int J Geriatr Psychiatry 2005; 20: 816-820.

© 2021 Japanese Psychogeriatric Society.

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

Lopez OL, Smith G, Becker JT, Meltzer CC, DeKosky ST. The
psychotic phenomenon in probable Alzheimer’s disease: a pos-
itron emission tomography study. J Neuropsychiatry Clin Neu-
rosci 2001; 13: 50-55.

Geda YE, Schneider LS, Gitlin LN et al. Neuropsychiatric symp-
toms in Alzheimer’s disease: past progress and anticipation of
the future. Alzheimers Dement 2013; 9: 602—-608.

Aalten P, Verhey FR, Boziki M et al. Neuropsychiatric syn-
dromes in dementia. Results from the European Alzheimer Dis-
ease Consortium: part |. Dement Geriatr Cogn Disord 2007; 24:
457-463.

McKhann GM, Knopman DS, Chertkow H et al. The diagnosis of
dementia due to Alzheimer’s disease: recommendations from the
National Institute on Aging and the Alzheimer’s Assocation work-
group. Alzheimers Dement 2011; 7: 263-269.

Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A
practical method for grading the cognitive state of patients for
the clinician. J Psychiatr Res 1975; 12: 189-198.

Appollonio |, Leone M, Isella V et al. The Frontal Assessment
Battery (FAB): normative values in an ltalian population sample.
Neurol Sci 2005; 26: 108-116.

Monaco M, Costa A, Caltagirone C, Carlesimo GA. Forward
and backward span for verbal and visuo-spatial data: standard-
ization and normative data from an ltalian adult population.
(Published erratum appears in Neurol Sci 2015; 36: 345-347).
Neurol Sci 2013; 34: 749-754.

Cummings JL. The Neuropsychiatric Inventory: assessing psy-
chopathology in dementia patients. Neurology 1997; 48:
S10-S16.

Ferrari C, Polito C, Vannucchi S et al. Primary progressive
aphasia: natural history in an ltalian cohort. Alzheimer Dis
Assoc Disord 2019; 33: 42-46.

Minger SL, Esiri MM, McDonald B et al. Cholinergic deficits
contribute to behavioral disturbance in patients with dementia.
Neurology 2000; 55: 1460-1467.

Tekin S, Mega MS, Masterman DM et al. Orbitofrontal and
anterior cingulate cortex neurofibrillary tangle burden is associ-
ated with agitation in Alzheimer disease. Ann Neurol 2001; 49:
355-361.

Saxe R. Uniquely human social cognition. Curr Opin Neurobiol
2006; 16: 235-239.

Hein G, Knight RT. Superior temporal sulcus—It’'s my area: or
is it? J Cogn Neurosci 2008; 20: 2125-2136.

Schobert AK, Corradi-Del’lAcqua C, Frihholz S, van der
Zwaag W, Vuilleumier P. Functional organization of face
processing in the human superior temporal sulcus: a 7T high-
resolution fMRI study. Soc Cogn Affect Neurosci 2018; 13:
102-113.

Shenton ME, Dickey CC, Frumin M, McCarley RW. A review of
MRI findings in schizophrenia. Schizophr Res 2001; 49: 1-52.
Goghari VM, Macdonald AW 3rd, Sponheim SR. Temporal lobe
structures and facial emotion recognition in schizophrenia
patients and nonpsychotic relatives. Schizophr Bull 2011; 37:
1281-1294.

Mier D, Eisenacher S, Rausch F et al. Aberrant activity and con-
nectivity of the posterior superior temporal sulcus during social
cognition in schizophrenia. European Archives of Psychiatry
and Clinical Neuroscience. 2017; 267: 597-610.



	 Behavioural disorders in Alzheimer's disease: the descriptive and predictive role of brain 18F-fluorodesoxyglucose-positro...
	INTRODUCTION
	METHODS
	FDG-PET brain images
	Statistical analysis
	Statistical parametric mapping analysis

	RESULTS
	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


