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Objectives: Various aging associated factors, such as functional decline, psychosocial problems, and cognitive
dysfunction, are risk factors for somatoform disorders (SDs) in the elderly. The aim of the present study was to evaluate
how cognition is correlated with the severity of late-life SDs from a neuropsychological viewpoint.

Methods: Fifty-three patients over 60 years of age who had been diagnosed as having SDs were examined in this study.
The severity of the somatic symptoms was assessed using the Hamilton Anxiety Rating Scales (HAMA). Cognitive
functions were assessed using the Mini-Mental State Examination (MMSE), the Frontal Assessment Battery (FAB), and
the Japanese version of the Neurobehavioral Cognitive Examination (J-COGNISTAT).

Results: The J-COGNISTAT subtest score for attention was below the cutoff point (8 points) but was not correlated with
the severity of the somatic symptoms in the patients with late-life SDs. The severity of anxiety as assessed using the
HAMA was significantly correlated with the calculation scores (P < 0.005) among the J-COGNISTAT subtests, the FAB
total (P < 0.05), and the FAB subtest scores (similarities and motor series) (P < 0.01). Other factors, including the
benzodiazepine dosage, antidepressant dosage, the duration of illness, and the onset age, were not significantly correlated
with the symptomatic severities.

Conclusion: Patients with late-life SDs showed attention deficits, but no correlation was seen between the attention deficits
and symptomatic severities. Attention deficits might be associated with the appearance of symptoms. Executive

dysfunction and working memory might be associated with the severity of symptoms.
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Introduction

According to the current concepts of the Diagnostic and
Statistical Manual of Mental Disorders (4th edition, text
revision) (DSM-IV-TR), somatoform disorders (SDs) are
mainly characterized by chronic multiple physical symp-
toms that cannot be explained in terms of an underlying
organic pathology (American Psychiatric Association,
2000). Thus, patients with SDs often visit medical facili-
ties to elucidate their pathogenesis and to receive treat-
ment. Somatization is defined as a tendency to experience
medically unexplained somatic symptoms, to attribute
them to physical illness, and to seek medical help for
them (Lipowski, 19&8). Various beliefs or perceptions
may contribute to the process of somatization, including
heightened bodily sensations, physical abnormalities
resulting in a heightened awareness of bodily sensations,
and inappropriate illness beliefs or sickness behavior. The
current view of somatization has been regarded to result
from complex interactive etiological factors, including
psychosocial and/or neuropsychological factors (Mayou,
Bass, & Sharpe, 1595). Cognitive—behavioral models of
SDs emphasize the role of inadequate body-related inter-
pretations and health-related beliefs (Salkovskis &
Warwick, 2001).

From psychosocial viewpoints, late-life SDs are
related to various factors characterized by the aging

process, such as a decline in bodily functions, an increase
in physical illness, psychosocial problems, and life events
(Harwood, Prince, Mann, & Ebrahim, 1998). The occa-
sional experience of medically unexplainable symptoms
(such as dizziness, an upset stomach, or palpitations) is
common under stressful circumstances, such as various
social adversities, life events, or physical illnesses, espe-
cially among the elderly. A previous study has reported
that the attendance of older people with somatization is as
common as that of younger people (Sheehan, Bass,
Briggs, & Jacoby, 2003).

Previous studies have shown age-associated differen-
ces in the prevalence of SDs. Altamura, Carta, Tacchini,
Musazzi, and Pioli (1398) reported that the prevalence of
undifferentiated SD tends to increase with age. Kuwabara
et al. (2007) found that the age of onset is higher in
patients with hypochondriasis or pain disorder than in
patients with somatization disorder or body dysmorphic
disorder. The reason why such anxiety or stress-related
disorders are dependent on aging has remained unclear.

From a neuropsychological viewpoint, several studies
have investigated the neuropsychological performance of
subjects with late-life anxiety disorder and have hypothe-
sized that the presence or severity of anxiety is associated
with a lower cognitive performance in the elderly (Beau-
dreau & O’Hara, 2008). According to this report, we
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hypothesized that cognitive functions might be related to
the etiology of SDs. Cognitive functions decline with
aging (Nilsson, 2003), especially memory, attention, and
executive functions (Buckner, 2004). Among several neu-
ropsychological tests, the Mini-Mental State Examination
(MMSE) and the Frontal Assessment Battery (FAB) are
useful screening tests for measuring general cognition
including memory, attention, and executive functions in
elderly people (Dubois, Slachevsky, Litvan, & Pillon,
2000; Folstein, Folstein, & McHugh, 1975). The Japanese
version of the Neurobehavioral Cognitive Examination (J-
COGNISTAT) is a brief but comprehensive test that can
be used to assess multiple cognitive domains. J-COGNI-
STAT is a sensitive diagnostic tool for dementia (Matsuda
& Nakatani, 2004). These tests are easy to administer and
can be completed at the patient’s bedside within a com-
paratively short period. These three neuropsychological
tests have been established as a convenient means of
screening patients and may be useful for the testing of our
hypothesis.

The clarification of which neuropsychological func-
tions are associated with symptomatic severity in patients
with late-life SDs may be important for understanding
their relation with aging. Therefore, the aim of the present
cross-sectional study was to determine which cognitive
functions are associated with disease severity in patients
with late-life SDs using comparatively simple neuropsy-
chological screening tests.

Methods
Participants

Fifty-three consecutive Japanese patients with undifferen-
tiated SD, who were over 60 years of age and had been
referred to the Jikei University Kashiwa Hospital outpa-
tient clinic for psychiatry, were enrolled in this study. All
the patients were recruited from a private general medi-
cine practice, and the absence of any physical disease
capable of explaining the somatic symptoms was con-
firmed. All the patients were diagnosed as having undif-
ferentiated SD according to the DSM-IV-TR by an expert
geriatric psychiatrist. Undifferentiated SD was operation-
alized according to whether the sufferer was unable to
perform mundane activities of daily living (ADL). Focus-
ing on undifferentiated SD seemed reasonable, since SD
often appears initially as undifferentiated SD (Al-Lawati
et al., 2060; Altamura et al., 199R). The exclusion criteria
for the study were (1) the diagnosis of another significant
axis I disorder (e.g., another anxiety-related disorder,
major depressive disorder, substance abuse, somatization
disorder, hypochondriasis, or pain disorder), (2) a history
of major depression or other anxiety-related disorder dur-
ing the last five years, (3) the presence of mild cognitive
impairment (MCI) according to the diagnostic criteria for
amnestic MCI (Petersen et al., 2001), (4) the presence of
dementia or some other brain organic syndrome according
to the DSM-IV-TR, (5) the presence of severe physical ill-
ness, or (6) the presence of psychiatric comorbidity. The
present retrospective study was approved by the Ethics
Committee of the Jikei University School of Medicine.
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Written informed consent was obtained from the patients
or their designated representatives.

Psychological assessment

The severity of the somatic symptoms was assessed
using the Hamilton Anxiety Scales (HAMA) (Hamil-
ton, 1959). HAMA can be used as a scale for rating
the severity of anxiety-related disorders. HAMA con-
sists of two subscores: psychic anxiety (HAMA-PSY)
(ranging from 0 to 28 points) and somatic anxiety
(HAMA-SOM) (ranging from 0 to 28 points). HAMA-
PSY consists of the following items: anxious mood,
tension, fears, insomnia, intellectual retardation, and
behavior at interview. HAMA-SOM consists of the fol-
lowing items: muscular symptoms, sensory symptoms,
cardiovascular symptoms, respiratory symptoms, gas-
trointestinal symptoms, genitourinary symptoms, and
autonomic symptoms (ranging from 0 to 4 points).
HAMA and its subscores are reliable and valid for
anxiety-related disorders (Maier, Buller, Philipp, &
Heuser, 1988), and HAMA and HAMA-SOM have
proven to be sensitive measures for evaluating the
severity of SDs (Maier et al., 1988). Many previous
studies have used HAMA to measure the severity of
SDs (Miiller, Mannel, Murck, & Rahlfs, 2004; Volz,
Moller, Reimann, & Stoll, 2000; Volz, Murck, Kasper,
& Moller, 2002), and we believe that HAMA is the
most appropriate tool for measuring the severity of
SDs.

Neuropsychological assessment
Mini-Mental State Examination (MMSE)

The MMSE is a well-known and widely used test for
screening cognitive impairment. Possible scores range
from 0 to 30. A score of 28 is the median for normal octo-
genarians with more than 12 years of education. Patients
with an MMSE score < 24 were regarded as having
dementia and were excluded from the present study.

Frontal Assessment Battery (FAB)

The FAB was recently introduced as a short screening test
for exploring various functions of the frontal lobes and for
evaluating executive functions (Dubois et al., 2008). The
Japanese FAB version consists of six subtests: (1) similar-
ities (conceptualization), (2) lexical fluency (mental flexi-
bility), (3) motor series (programming), (4) conflicting
instructions (sensitivity of interference), (5) go/mo go
(inhibition control), and (6) prehension behavior (environ-
mental autonomy). Each subtest is rated from 0 to 3, with
the total score ranging from 0 to 18.

Japanese version of the Neurobehavioral Cognitive
Examination (J-COGNISTAT)

The J-COGNISTAT is a comprehensive cognitive test that
consists of 10 subtests designed to convert raw scores for
each subtest into age-matched standardized scores, which
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are distributed with a mean of 10 and a standard deviation
of 1. The cutoff point for each standardized score is set at
between 8 and 9. If a subject’s score is not more than 8,
the score is considered to indicate an impaired level (Mat-
suda & Nakatani, 2604). The J-COGNISTAT can also be
used as a screening tool for dementia that can be easily
administered at the patient’s bedside. However, the J-
COGNISTAT can be used to evaluate multiple cognitive
status profiles, which is useful for identifying how a cer-
tain domain has decreased in comparison with other
domains. The validity of each domain of the J-COGNI-
STAT has been well examined (Matsuda & Saito, 2009).
More intricate neuropsychological testing can impose a
burden on patients with late-life SDs. Thus, we used the J-
COGNISTAT to evaluate each cognitive domain rela-
tively easily.

Assessment of other factors

Some previous studies have reported an increased risk of
cognitive impairment in benzodiazepine users (Stewart,
20035). Thus, whether benzodiazepine dosage confounded
the effect on cognitive functions was examined. Antide-
pressants also influence cognitive functions (Barch et al.,
2612). The benzodiazepine and antidepressant dosage was
based on the equivalent conversion table for psychometric
drugs (Inagaki & Inada, 1999). In addition, we also evalu-
ated the correlations between cognitive functions and
other factors (onset age and duration of illness). As
described previously, some studies have shown age-asso-
ciated differences in the prevalence of SDs.

Statistical analysis

SPSS 19.0J for Windows (SPSS Japan Inc., Tokyo, Japan)
was used for all the statistical analyses. To analyze the cor-
relation between clinical parameters (HAMA score,
HAMA-PSY score, and HAMA-SOM score) and cognitive
parameters (MMSE total, subtest scores, FAB total, subtest
scores, and J-COGNISTAT subtest scores), we performed
a partial correlation analysis. The analyses were adjusted
according to patient age and duration of education because
some neuropsychological tests are strongly influenced by
aging and education level. As an exploratory study was
intended, the P-values were not initially corrected for
multiple tests so that the data trends would be apparent.
However, the Bonferroni-corrected P-value requirements
(MMSE subtest scores: P = 0.05/11 = 0.005; FAB subtest
scores: P = 0.05/6 = 0.008; and J-COGNISTAT subtest
scores: P = 0.05/10 = 0.005) were reported and the effects
of the correlations were noted. We also used a partial cor-
relation analysis adjusted according to age and education
level to evaluate the correlations between cognitive func-
tions and other factors (benzodiazepine dosage, antidepres-
sant dosage, onset age, and duration of illness).

Results
Patient characteristics

The demographic variables of the 53 late-life SD patients
aged 60 years and older are summarized in Table 1.
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Table 1. Subject characteristics of patients with late-life soma-
toform disorders.

n =53 (mean =+ SD)

Sex (male/female) 9/44

Age 71.7+£72
Education (years) 121 +£22
Duration of illness (years) 6.7+ 64
Onset age 64.7 £ 8.6
HAMA total score 148 +£7.2
HAMA-SOM score 8.0 4 4.1
HAMA-PSY score 6.8 +4.0
MMSE total score 27.6 £2.0
FAB total score 160+ 1.5

Note: HAMA (The Hamilton Anxiety Scale), HAMA-~SOM (The Hamil-
ton Anxiety Scale, somatic subscore), HAMA-PSY(The Hamilton Anxi-
ety Scale, psychic subscore), MMSE (Mini-Mental State Examination),
FAB (Frontal Assessment Battery)

Cognitive profiles according to J-COGNISTAT

Table 2 shows the cognitive profiles according to J-COG-
NISTAT. The mean J-COGNISTAT subtest score for
attention was 6.2 (SD = 3.0), which was below the cutoff
value (8 points). None of the other subtest scores were
below the cutoff values (Table 2).

Correlations between cognitive functions and disease
severity

The MMSE total score was not significantly correlated
with disease severity (HAMA score and HAMA-SOM
score). The MMSE subtest scores were also not signifi-
cantly correlated with disease severity. The FAB total
score was significantly correlated with disease severity
(HAMA score: P = 0.002; and HAMA-SOM score:
P = 0.02). The FAB subtest scores for similarities
(HAMA score: P < 0.001; and HAMA-SOM score:
P < 0.001) and motor series (HAMA score: P = 0.003)
were also significantly correlated with severity (Table 3).
The J-COGNISTAT subtest score for calculation was

Table 2. Cognitive profiles of patients with late-life somato-
form disorders.

J-COGNISTAT subscores (mean & SD)

Orientation 9.6+0.9
Attention™ 6.2 + 3.0
Comprehension 85+19
Repetition 99413
Naming 9.8 +£0.6
Constructive ability 81+15
Memory 9.6 £0.7
Calculation 89+ 14
Similarities 10.1 £0.8
Judgment 107+ 1.1

(average)

Note: J-COGNISTAT (The Japanese version of the neurobehavioral
cognitive examination)

*Attention score was below the cutoff value of J-COGNISTAT (8
points).
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Table 3. Partial correlations between FAB scores and HAMA
scores.

HAMA-SOM HAMA total
FAB total score —0.33" —0.46"
Subtest
Similarities —0.53** —0.55*"
Lexical fluency —0.05 —0.01
Motor series -0.36 —0.46™
Conflicting instructions —0.08 —0.13
Go/no go 0.13 0.26
Prehension behavior - -

*p < 0.05, **Bonferoni-corrected p < 0.05/6 = 0.008

significantly correlated with disease severity (HAMA
score: P = 0.001) (Table 4) Other FAB subtest scores,
MMSE total and subtest scores, and J-COGNISTAT sub-
test scores were not significantly correlated with the
HAMA score.

Correlations between cognitive functions and other
factors

No significant correlation between cognitive function (FAB
total score, FAB similarities, FAB motor series score, and
J-COGNISTAT calculation score) and benzodiazepine dos-
age was seen among the patients with undifferentiated SD.
The antidepressant dosage also showed no correlation with
cognitive functions (FAB total score, FAB similarities,
FAB motor series score, and J-COGNISTAT calculation
score). These cognitive functions were not correlated with
either onset age or the duration of illness.

Discussion

Summary of findings

In the present study, we investigated the correlations
between cognitive functions and symptomatic severities
in patients with SDs who were over 60 years of age. We
found a decrease in the ‘attention’ average score among
the J-COGNISTAT subscales. The HAMA scores were
negatively correlated with the FAB total score, the FAB

Table 4. Partial correlations between J-COGNISTAT and
HAMA scores.

HAMA-SOM HAMA total
Orientation 0.05 0.05
Attention 0.23 0.16
Comprehension —0.11 —0.03
Repetition —-0.20 —0.22
Naming —-0.24 —0.16
Constructive ability 0.17 0.10
Memory —0.16 —0.15
Calculation —0.39 —0.46"
Similarities —0.22 —0.22
Judgment 0.04 0.05

*Bonferoni-corrected p < 0.05/10 = 0.005
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subtest score (similarities, motor series), and the calcula-
tion score among the J-COGNISTAT subscales. However,
no other neuropsychological scores were significantly cor-
related with the HAMA scores. Therefore, in the present
study, the symptomatic severities of late-life SDs were
associated with executive function as assessed using the
FAB and calculation skill as assessed using the J-COGNI-
STAT. Moreover, cognition and symptomatic severity in
late-life SDs were not significantly influenced by the dos-
ages of psychotropic agents (e.g., benzodiazepine and
antidepressants) or other factors.

Comparison with previous studies

In previous studies investigating cognitive declines in
patients with late-life anxiety disorders, significant reduc-
tions in episodic memory and attention function were
reported (Beaudreau & O’Hara, 2008). In the present
study, we also found a decrease in the attention score
using the J-COGNISTAT subscales, but no reduction in
episodic memory was observed. The reason for this differ-
ence between the two studies is thought to be that patients
with dysfunctional episodic memory were excluded from
our study, based on the presence of MCI or dementia. An
attention decrement was confirmed in our patients, but the
decrease was not correlated with disease severity. Several
possibilities may explain this result. One possibility is that
a deficit in attention may have existed in our patients prior
to the somatic symptoms and may have triggered the
somatic symptoms, rather than being a result of the
somatic symptoms. Another possibility is that attention
deficits in patients with late-life SDs may be a vicarious
or compensative reaction of the awareness of bodily sen-
sations as a defense mechanism (Lipowski, 9§8).

Interpretation of results

Regarding the FAB subtest score, ‘similarities’ reflect
executive functions that enable the establishment of an
abstract link between items or adherence to concrete
aspects of objects. Furthermore, ‘the motor series’ meas-
ures the capacity to execute a sequence of actions succes-
sively in separate tasks, resembling the ‘first-palm-edge’
task in Luria’s motor series. Therefore, we hypothesized
that such disabilities of conceptualizing or executing per-
formances in patients with late-life SDs might reflect a
distortion of self-monitoring or self-correcting for physi-
cal symptoms, which might be linked to the aggravation
of convinced ideations related to anxiety or dysphoria in
SD patients (Nagata et al., 2009). In patients with late-life
SDs, the loss of self-correction in executive functions
might influence their ability to access corrective informa-
tion necessary for the modification of their irrational
beliefs (Kashyap, Kumar, Kandavel, & Reddy, 2012). The
J-COGNISTAT score for calculation was negatively cor-
related with the severity of late-life SDs patients. A poorer
calculation performance is caused by a dysfunction of
working memory, since the calculation skill in the J-COG-
NISTAT requires the patient to perform single-step calcu-
lations where instructions can be repeated at the patient’s
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request (Gupta & Kumar, 2009). The present study
showed that the severity of late-life SDs was significantly
correlated with executive functions and working memory.
On the other hand, attention decline was not correlated
with severity. This finding suggests that attention deficits
in SD patients may be a trait marker of late-life SDs; thus,
impairments in executive functions and working memory
may be state markers of late-life SDs.

Implications for research

From the viewpoint of coping strategies, patients with
SDs may adopt somatic complaints as a mode of coping
with life’s vicissitudes, psychological needs and conflicts,
feelings of guilt and anger, and low self-esteem (Lipow-
ski, 1988). In other words, poor coping strategies can lead
to somatization. Hall, Kuzminskyte, Pedersen, @mbgl,
and Fink (201 1) reported that coping strategies are associ-
ated with attention, working memory, and executive func-
tions. However, the present results partially differ from
this previous report. These results suggest that working
memory and executive functions may contribute to coping
strategies, rather than attention, in patients with late-life
SDs. Further study involving a large number of patients
and detailed neuropsychological test batteries is needed to
clarify this hypothesis.

Implications for practice

The reason why the other FAB subtest scores were not
correlated with disease severity was thought to be due to
the ceiling effect of the FAB. Patients with MCI or
dementia were excluded from our sample in the present
study, and the FAB is somewhat limited at examining the
details of cognition. This reasoning is also thought to be
applicable to the J-COGNISTAT subtests.

As described previously, the HAMA score consists of
the HAMA-SOM score and the HAMA-PSY score. The
HAMA total score is often used to measure the severity of
SDs (Volz et al., 2000; Volz et al., 20602). Therefore, we
mainly used the HAMA total score to examine the severity
of the SDs. Additionally, we evaluated the HAMA-SOM
score to ascertain whether it can be used as an indicator of
the severity of SDs. As a result, the HAMA-SOM score
almost resembled the HAMA total score. However, the
HAMA total score and the HAMA-SOM score were some-
what different. The HAMA total score was correlated with
the “motor series’ score among the FAB subtests and with
the ‘calculation’ score among the J-COGNISTAT subtests.
On the other hand, the correlation between the HAMA-
SOM score and these subtests was not statistically signifi-
cant, but an associative trend was seen (former, P = 0.01;
latter, P = 0.005). Some possible reasons for this differ-
ence can be considered. First, the distribution of type-I
errors should be examined. To clarify this problem, further
study involving a large number of patients with late-life
SDs is needed. However, the HAMA total score is gener-
ally used to measure the severity of SDs (Volz et al., 200¢;
Volz et al., 2002), and we believe that our results are valid.
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Limitations

The present study had some limitations. First, the sample
size was comparatively small. Thus, we defined a valid
statistical value using the Bonferroni correction to exam-
ine the association between symptomatic severity and
cognitive functions. Second, we did not use normal sam-
ple data and instead investigated the cognitive profiles of
late-life SD patients according to the only standardized
cognitive scale available, the J-COGNISTAT subscales.
Third, many other neuropsychological test batteries for
evaluating executive functions exist, and these test batter-
ies might have provided useful information. However, the
FAB is one of the easiest tests to administer and can be
completed at bedside without requiring any tools or
instruments. J-COGNISTAT is also easy and can be used
with less burden to the patients. We believe that the sim-
plicity of these tests makes them valuable tools. Finally,
the HAMA is not a specific scale for SDs. The use of
more specific scale for SDs would be preferable, although
a standardized specific scale is not available. Furthermore,
in some previous studies, the HAMA was used to measure
the severity of SDs. Thus, we believe that the use of
HAMA is valid.

Conclusion

In conclusion, to elucidate the pathogenesis or to investi-
gate risk factors for late-life SDs, we focused on the corre-
lation between symptomatic severity and cognitive
function. We found that the cognitive profiles that influ-
enced the appearance of symptoms and symptomatic
severity differed. Therefore, a subgroup of patients with a
poor prognosis may exist among patients with late-life
SDs based on differences in pathogenesis and the appear-
ance of symptoms. The further development of treatment
strategies targeting prognostic subgroups, rather than SD
itself, is needed in the future.
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INTRODUCTION

Frontotemporal dementia (FTD) is a neurodegenera-
tive disorder, frequently associated with a progressive
decline in behavior and language. The clinical syn-
dromes are caused by focal degeneration of the frontal
and anterior temporal lobes [1]. FTD is a common
cause of early-onset dementia and has an incidence
and prevalence similar to Alzheimer’s disease (AD)

*Correspondence to: Shunichiro Shinagawa, MD, PhD, Depart-
ment of Psychiatry, Jikei University School of Medicine, 3-25-8
Nishi-shinbashi, Minato-ku, Tokyo 105-8461, Japan. Tel.: +81
334331111; Fax: +81 334370228; E-mail: shinagawa@jikei.ac.jp.

iptoms”, “hallucinations”, and “delusions”, and it identified 122 articles.
) TDP-43 type B and FUS pathologies might have relatively high
th genetic mutations of COORF72 and GRN, 4) imaging researches did
nt for psychosis in FTD is currently available. A limitation of this systematic
pecifically examining psychosis in FTD. It is suggested that a possible
otential overlap indicates a vulnerability to psychosis due to brain systems

tation, neuropathology, psychosis, schizophrenia

[2]. FTD is likely an underestimated cause of demen-
tia in both early and late-onset patients with dementia,
due to a lack of general knowledge and a high rate of
misdiagnosis [3].

Psychotic symptoms, such as delusions and halluci-
nations, are observed in dementing neurodegenerative
diseases, especially in AD and dementia with Lewy
bodies (DLB) [4]. Psychotic symptoms vary in type
and intensity during the course of dementia and are
associated with additional disability and a poorer qual-
ity of life, which, in turn, may lead to a greater
burden on caregivers [5]. Physicians treating these
disorders frequently encounter therapeutic difficul-
ties in their management of these symptoms because

ISSN 1387-2877/14/$27.50 © 2014 — IOS Press and the authors. All rights reserved
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antipsychotics or antidepressants may have limited
efficacy or intolerance in patients with dementia [6].
Psychotic symptoms were originally thought to be
a relatively rare symptom of FID, in comparison
to behavioral manifestations, such as disinhibition,
stereotypic behavior, and inappropriate social behav-
iors. Mendez et al. reported that only 2.3% of subjects
experienced delusions among 86 FTD subjects [7].
However, recent developments in genetic research
have revealed a high prevalence of psychiatric symp-
toms in certain genetic groups, including patients with
FTD who have a CO9ORF72 mutation [8-11]. More-
over, considering that delusions and hallucinations are

among the main symptoms of schizophrenia, recent :

research has considered possible associations between
FTD and schizophrenia, including symptom similarity
familial co-morbidity, and genetic findings [12].

In this article, we review existing literature on™

psychotic symptoms in FTD, including clinic
acteristics, genetic and neuroimaging findin

may provide a unique opportunity to ex;
irrespective of disease context.

METHOD

PubMed, MEDLINE, EMB d references
from relevant studies, reviewzarticles, and books were
searched using the terms “frontotemporal dementia”,
“psychosis”, “schizophreni®”, “psychotic symptoms”,
“hallucinations”, and “delusions.” Only publications
written in English pertaining to psychosis in FTD were
selected. The search yielded 122 articles, which formed
the empirical basis of this review. The last search was
conducted on Aug 12, 2013. Cross-referencing of the
identified publications was also performed. The liter-
ature search was conducted independently by two of
the authors (S.S. and S.N.). The results were screened
for relevance, and the bibliographies of these articles
were additionally screened.

RESULTS

Symptomatic studies on psychosis in FTD

Several early studies exploring the symptomatol-
ogy of FTD have reported psychosis in patients with

FTD before the establishment of consensus diagnos-
tic criteria for FTD [13, 14]. After the establishment
of consensus criteria for FTD by the Lund and Manch-
ester Group in 1994 [15], and Neary et al. in 1998 [16],
many studies have been conducted to compare clinical
features and behavioral changes, including psychosis,
between FTD and other forms of neurodegenerative
dementias such as AD [17-21]. New research criteria
ior variant FTD and the primary progres-
sive aphasia (PPA) forms of FTD have simplified and
d to define patient cohorts likely to suffer from
isease [22,23]. According to the latest Diagnostic
tatistical Manual of Mental Disorders (DSM-5)
published in 2013, FTD is defined as frontotemporal

.nedrocognitive disorders (NCD) [24]. Although the

SM criteria have not played much role in research
ntil now, it may further facilitate studies on psychosis
in FID. Among these diagnostic criteria, the core
symptoms are behavioral changes including disinhibi-
tion, apathy, loss of sympathy or empathy, stereotypic
behavior, and hyperorality.

In general, the prevalence of psychotic symptoms
was reported to be lower in patients with FTD than
in those with AD (the estimated rate of delusions
was 36% and hallucinations was 18%) [25]. Several
reports failed to find psychosis among patients with
FTD [26-28]. Other investigators reported relatively
larger prevalence rates of delusions than hallucinations
in patients with FTD [19, 29-32].

These symptomatic studies used different method-
ologies, including a multivariate stepwise discriminant
analysis [18], original structured questionnaire [21],
the Positive and Negative Syndrome Scale (PANSS)
[33], and the Neuropsychiatric Inventory (NPI)
[34-37]. While the NPI is a comprehensive behav-
ioral assessment scale to compare neuropsychiatric
symptoms of patients with dementia, the PANSS was
originally designed for patients with schizophrenia, not
psychosis in the setting of dementia. The details of
these reports are summarized in Table 1.

There are several studies with larger cohorts. Omar
etal. suggested that delusions were an early, prominent,
and persistent feature, and that paranoid and somatic
delusions were frequent. Bilateral or right-sided atro-
phy was found in most of the participants (rn = 56) [32].
Mendez et al. evaluated 86 patients with FTD and
reported that only 2.3% of them had delusions and none
had hallucinations, which was significantly lower than
patients with early onset AD (n=23; delusion=17.4%
and hallucination =4.3%) [38]. They also reviewed
other reports and emphasized that psychotic symp-
toms were rare in FTD. They suggested that psychotic
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Table 1
Delusions and hallucinations in patients with clinically diagnosed FTD

Author n Control Measurement Delusions Hallucinations
Lopez et al., [29] 20 AD (n=40) DSM-ITI-R and others 20% 0%
Levy et al., [35] 22 AD (n=30) NPIL 7% 0%
Swartz et al., [18] 19 AD (n=19), late-life SCAN Occasional (bizarre, jealous, somatic), Rare (auditory)
depression (n=35)
Hirono et al., [27] 24 AD (n=240), DLB (n=23) NPI 0% 0%
Gregory et al., [26] 15 - CPRS 0% 0%
Bozart et al., [19] 13 AD (n=37), tvFID (n=20) original questionnaire 15% 8%

Bathgate et al., [21] 30 AD (n=175), CVD (n=34) ormant-based behavioral Suspiciousness 30%, Delusions of theft
10%, False belief that people in home
10%, Misidentification phenomena 30%,
Visual hallucinations/ illusions 8%,

Auditory hallucinations/illusions 10%

Boone et al., [33] 27 AD (n=17) PANSS No.description about subscore, AD and FTD
did not differ in positive symptom score
Liu et al., [36] 51 Normal control (n=20), AD NPI 13%
(n=22)

Silveri et al., [119] 11 AD (n=29) SPAS and NPI % NPI 63%

Mourik et al., [37] 63 - NPI :

Engelborghs et al, [30] 29 AD (n=205), mixed BEHAVE-AD

dementia (n=39), DLB
(n=23)
Le Beret al., [31] 68 - detailed behavioral inventory
(original)
Mendez et al., [28] 74 - psychiatric checklist Psychotic symptoms 2.7%
(original)

Mendez et al., [7] 86 EOAD (n=23) original questionnaire 2.3% 0%

Omar et al., [32] 56 - DSM-IV 14% (paranoid and somatic) 9% 2 cases have
pathological
confirmation

Lillo et al., [120] 43 FTD-ALS (n=18) DSM-1IV 19% 12%

AD, Alzheimer’s disease; BEHAVE-AD, Behavioral Pathology in Alzheimer’s Disease Scale; CPRS, Comprehensive Psychopathological Rating Scale; CVD, cerebrovascular dementia; DLB,
dementia with Lewy bodies; DSM, Diagnostic and Statistical Manual of Mental Disorders; EOAD, early onset Alzheimer’s disease; FTD-ALS, frontotemporal degeneration with amyotrophic
lateral sclerosis; NPI, Neuropsychiatric Inventory; PANSS, Positive and Negative Syndrome Scale; SCAN, Schedules for Clinical Assessment in Neuropsychiatry; SPAS, Subsets of Survey
Psychiatric Assessment Schedule; tvFTD, temporal variant frontotemporal dementia.
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symptoms in patients with AD involved the temporal
limbic area, a region which links perception to emo-
tional states [38], while patients with FTD have relative
sparing of this system, resulting in their difference in
rate of psychotic symptoms [39]. Finally, Velakoulis et
al. reviewed 199 studies and reported that the preva-
lence of psychosis was 6.5% in 751 patients with FTD
[40]. Patients with FTD with psychosis were younger
than those without psychosis at the age of onset and
experienced a longer delay between onset of psychosis
and their subsequent presentation of apparent cognitive
decline. Taken together, the evidence indicates that the
prevalence rate of psychosis in patients with FTD is
lower than in patients with AD. Delusions are rela-

tively more common than hallucinations in patients

with FTD and younger age may be a risk factor fo
psychosis in FTD.
However, most of symptomatic studies shown ir
Table 1 examined neuropsychiatric sympto i
patients with FTD and thus, few studies specifica
focused on psychosis [40]. In addition, the de
of psychosis differed among these studies angd:
not provide a detailed definition of psychgsi
over, most of the studies diagnosed FTD
psychotic symptoms only based on clinic
Patients with FTD may have made f;
based on their delusions or confabulati
sion is a systematic fixed belief fo ion that is false
but firmly held, in contrast, confabulations‘production
of fabricated, misinterpreted memoriés:which is more
isolated, fleeting, and variable: etrospective chart
survey by Mendez et al. demons that 8.3% of
patients with FTD (n=48) m e reports about
their own experience [41]. They found that patients
with FTD might have both fantastic’and wish-fulfilling
confabulations, and typical content-specific delusions.
Both phenomena may be a result of disturbances in the
ventromedial prefrontal cortex, an area highly impli-
cated in FTD. The disturbances in these brain areas
may result in deficits of source monitoring and in acti-
vating an automatic tagging for false reports.
Furthermore, in patients with FITD, behavioral and
personality changes are the most prominent symp-
toms and usually precede their cognitive disabilities.
Clinical symptoms, such as disinhibition, inappropri-
ate social behaviors, repetitive compulsion behaviors,
and lack of insight are very heterogeneous. The het-
erogeneity of these clinical characteristics of FTD may
lead clinicians to misdiagnose FTD, not only as psy-
chiatric disorders, such as late-onset schizophrenia,
atypical psychosis, and depression [42], but also as
neurologic diseases, such as cerebrovascular disorders

[3, 7, 28, 42]. One study at a specialized clinic for
neurodegenerative diseases revealed that patients with
FTD received a prior inaccurate psychiatric diagnosis
more often than patients with AD (FTD, 50.7% versus
AD,23.1%; p <0.001) [3]. There is also a problem with
referral. For example, in a nationwide study examining
reasons for referral to geriatric psychiatric hospitals,
patients with FTD who had paranoid syndromes (3%
S, FTD patients) were more likely to be hospital-
ather than referred to memory clinics [43]. Thus,
inical report of psychotic symptoms in FTD may
been potentially influenced by 1) misdiagnoses
5 subjective false reports and confabulations, or
ivers’ misunderstandings, 2) misdiagnoses due to
heir behavioral symptoms, as well as 3) referral bias
0 memory clinic or psychiatric hospital.

Research studies based only on clinical symptoms
lone have potential confounds related to misdiag-
nosis, and also have the potential to underrepresent
patients in whom psychosis is the diseases’ earliest
manifestation. Given that biological confirmation of
disease pathology has become increasingly developed,
clinico-pathological studies are required to accurately
diagnose FTD and to clarify the prevalence of psy-
chotic symptoms.

Clinico-pathological reports on psychosis in FTD

Recent reports on the clinico-pathological features
of patients suspected of suffering from FID have
revealed that FTD is associated with a variety of patho-
logical conditions. In general, patients with FTD can
be subdivided into the following three subcategories,
which are based on the presence of specific patholo-
gies: 1) tau, 2) transactive response DNA binding
protein 43kDa (TDP-43) and 3) Fused in Sarcoma
(FUS) [44]. Even today, a small number of patients
diagnosed with FTD do not show any of these FTD-
related specific pathologies. In these cases, other
co-existing neurodegenerative diseases, including AD
and DLB, may become apparent with microscopy, par-
ticularly in older patients. Changes in the pathological
classification of FTD syndromes are still in progress
[44, 45].

There have been relatively few studies of psy-
chosis in FTD where the cohort had pathological
confirmation. These studies suggest several underlying
histopathological backgrounds for psychosis in FTD.
However, some of the eatly studies of FTD with psy-
chosis did not employ immunostaining methods or the
latest classification of pathological changes in these
FTD syndromes. Furthermore, there is a possibility that

— 245 —



S. Shinagawa et al. / Psychosis in Frontotemporal Dementia 489

pathological classification will be changing from now
on.

The tau pathology

The tau pathology includes Pick’s disease, FTD with
MAPT mutations (FTDP-17), corticobasal degenera-
tion (CBD), progressive supranuclear palsy (PSP), and
argyrophilic grain disease. Several case reports noted
that patients with FTD who presented with psychotic
symptoms had the neuropathology of Pick’s disease
[46-48]. However, their ages at onset and clinical
presentations differed. Cases with FTDP-17 will be
described in a later section discussing genetics.

The TDP-43 pathology

Tartaglia et al. and Loy et al. reported that
patients with FTD with psychosis had the neuropathol-
ogy of TDP-43 [49, 50]. Later, Claassen et al.

reported six patients with FTD presenting DLB-like

visual hallucinations; two of them were diagnose
with the TDP-43 pathology [51]. Velakoulis et al
also reported that among 17 pathologically proy:
patients with early-onset FTD, 5 had presented with a
psychotic illness (schizophrenia/schizoaffective disor
der =4, bipolar disorder = 1) an average of 5 years pii
to the diagnosis of FTD. Further, these pati

schizophrenia exhibited neuropathological
consistent with the TDP-43 pathology [40}

The FUS pathology

Urwin et al. reported that 36% of 3
FTD with psychosis presented with th
a relatively high frequency [52].

Other reports

Rohrer et al. studied a pathologically ascertained
cohort of 95 patients with FTD (51%, 44%, and 5%
had the TDP-43, tau, and FUS pathology, respectively)
[53]. They reported that delusions and hallucinations
existed mostly among patients in the TDP-43 type A
pathology group, one patient in the TDP-43 type B
pathology group showed delusions, and one patient
with Pick’s pathology showed an alteration of visual
perception.

By contrast, some clinico-pathological reports with-
out genetic information found low frequencies of
psychosis in patients with FTD. According to Pas-
sant et al. no delusions and hallucinations were found
among 19 patients (corticobasal degeneration=1,
frontotemporal lobe degeneration = 16, and Pick’s dis-
ease =2) [42]. Liscic et al. also reported that 4 patients
experienced delusions, but none presented with hal-

lucinations among 48 patients with pathologically
proven FID (only FTD=37, FTD+AD=11) [54].
This study was limited in that the information utilized
to classify patients’ detailed neuropathologies, such as
tau-positive or tau-negative, was insufficient, and the
behavioral assessments employed were not focused on
psychosis.

al. examined the relationship between
and pathologies among 107 patients
agnosed FTD [55]. Among them,

the AD pathology; 17 patients studied
ith psychosis. They found that patients
AD pathology were more likely to have

nd speculated that patients with the AD pathology
mighit be misdiagnosed with FTD if they have an
early age at onset and prominent neuropsychiatric
gatures. This study did not contain more detailed
neuropathology-based classification (subtype of the
au-positive pathology or tau-negative pathology) and
does not discuss genetic information.

As a whole, patients with FTD who have the TDP-
43 type B pathology are more likely to show psychosis
compared to those with other pathology subtypes.
This is associated with linkage to genetic mutation of
CI90ORF72 described below. Patients with FTD who
have FUS pathology may also likely show psychosis,
although the underlying mechanisms still remain elu-
sive. Further studies that include genetic information,
along with structural and functional imaging informa-
tion, will be required to elucidate the relationships with
FTD.

Genetic reports on psychosis in FTD

Recent advances in genetic research have revealed
that approximately 40% of patients with FTD have a
positive family history of dementia, suggesting a strong
genetic component contributing to FTD [56]. Genes
recognized to play an important role in the autoso-
mal dominant FTD include 1) MAPT, encoding the
microtubule-associated protein tau, 2) GRN, encoding
the protein progranulin, 3) COORF72, arecently identi-
fied hexanucleotide repeat expansion on chromosome
9 open reading frame 72 [57, 58], and 4) other minor
mutations.

MAPT mutation
More than 40 mutations in the MAPT gene have
been identified in families with FTD and parkinsonism
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Table 2
Frequency of delusions and hallucinations in FTD cases with COORF72 mutations

Author Subject Control Delusions  Hallucinations
Shaet al., [9] FTD (n=15) FTD non-carriers (n=48) 21%* -
Snowden et al., [3] FTD (n=19) PPA (n=4) FTD-MND (n=9) non-carriers (n=2366) 50% 19%
Mabhoney et al., [10] FTD (n=12) PPA (n=1) FTD-MND (n=3) - <12% <12%
Hsiung et al., [75] FTD (n=15) FTD-MND (n=7) ALS ('=8) - 3% 0%
Boeve et al., [11] FTD (n=16) FTD-MND (2=3) ALS (n=1) - 45% 50%
Simon-Sénchez et al,, 2012 [74]  FTD (n=28) PPA (n=8) FTD-MND (n=6 - 0% 5%
Galimberti et al., [121] FTD (n=29) PPA (n=2) FTD-MND (n=8 non-carriers (n=37) 12% 15%

Le Ber et al., [122]

FTD, PPA, PSP/CBDS, FTD-ALS (n=

- - 7%

*at the first observation. ALS, amyotrophic lateral sclerosis; COORF72, chrom
FTD-ALS, FTD with ALS; FTD-MND, FTD with motor neuron disease; PPA, pri

pulsy/corticobasal degeneration syndrome.

linked to chromosome 17q (FTDP-17), accounting for
10-15% of familial FTD subjects [58]. Some studies
reported cases or families with the MAPT gene mutd-
tion at S356T presenting psychosis from a very early
age and being subsequently diagnosed as FTD [48, 59].
This S356T mutation leads to atypical FTD-P 0l-
ogy with more 3R tau and classical Pick bodies
that a few case studies addressed this gene muta

GRN mutation
More than 60 mutations in the G
mosome 17 have been identified
relatively large proportion of patients with familial
FTD. Patients with FTD with the®*GRN mutation
account for approximately 5-10% '
FTD, and approximately 20% o
FTD [60]. Their neuropath
the tau-negative and TDP-43-pesitive linear nuclear
inclusions. Several case and family reports suggested
a relationship between GRN gene mutation and psy-
chosis in patients with FTD [61, 62]. Le Ber et al. found
GRN mutations in 10 out of 210 patients with FTD.
They also identified that 30% of GRN mutations car-
riers had visual hallucinations, and 20% had delusions
during the course of the disease [63]. Later, they ana-
lyzed 502 probands with FTD and related disorders,
and found that 32 had a GRN mutation. Among them,
visual hallucinations were found in 8 patients (25%)
and delusions were found in 2 patients (6%). They sug-
gested that hallucinations may help differentiate GRN
mutation carriers from other FTD patients [64].

C9ORF72 mutation

C90RF72 is considered to be one of the most
frequent genetic causes of FTD, FTD with motor
neuron disease (FTD-MND), and amyotrophic lat-

e 9 openreading frame 72; FTD, frontotemporal degeneration;
ary progressive aphasia; PSP/CBDS, progressive supranuclear

eral sclerosis (ALS) [65, 66]. COORF72 mutations are
thologically associated with the deposition of the
LD-TDP type B, although some patients have a
attern that looks more like FTLD-TDP type A [67].
Additionally, in these patients there are Tau, FUS,
and TDP-43 negative but P62-positive aggregates in
hippocampal, thalamic, and cerebellar regions. There
are many clinico-pathological-genetic studies report-
ing that patients with FTD with COORF72 mutation
have a high prevalence of psychotic features (hallu-
cinations or delusions) up to 50%, as well as other
neuropsychiatric features, such as depression or anxi-
ety, suggesting that these symptoms could be markers
of this mutation [8, 9, 11].

Table 2 summarizes reports on the frequency of delu-
sions and hallucinations in patients with CO9ORF72
mutations, including FTD. This table includes studies
on FTD, primary progressive aphasia (PPA), FID-
MND, and ALS. Studies only investigating FTD-MND
and ALS were excluded. Among the included studies,
delusions and hallucinations were reported in 0% to
50% of the patients with C9ORF72 mutations.

Prominent psychotic symptoms were observed in
carriers with C9ORF72 expansion as early manifes-
tations. Snowden et al. found that psychotic symptoms
were found more frequently in carriers (38%) than
in non-carriers (<4%), which led to initial diagnoses
of delusional psychosis, somatoform psychosis, or
paranoid schizophrenia of mutation groups [8]. The
delusions were somatic and alterations in tempera-
ture perception, preoccupation with bowel movements,
and leg pain contributed to the delusional disorder,
although there is still discussion whether we can define
these changes in perception as delusions. Sha et al.
compared clinical symptoms between CO9ORF72 muta-
tion carriers and non-carriers and reported delusions
were more frequently reported as the initial neu-
ropsychiatric symptoms in the carriers (21%) than
the non-carriers (0%) [9]. Contrary to the findings of
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Snowden et al., delusions were of the paranoid type and
included delusions of jealousy; somatic delusions were
not observed. Interestingly, significant differences in
delusions between carriers and non-carriers disap-
peared when using the NPI at evaluation, suggesting
that delusions could be attributed to COORF72 muta-
tions when they were reported as the first symptom.
Hallucinations were not reported as initial neuropsy-
chiatric symptoms in C9ORF72-associated disease,
and were also uncommon at evaluation.

Moreover, there are several case reports describ-
ing the relationship between C9ORF72 mutation and
psychosis, including clinico-pathological studies [67],
imaging studies [68], and kindred reports [69]. Fur-
thermore, some case reports suggested that psychosis
may precede the development of dementia, indicat-
ing that psychosis may potentially be prodromal or an
early symptom of FTD with COORF72 mutation [70].
Within these case reports, subjects in whom psychosis
preceded dementia included three atypical psychiatri
patients [71], one patient with delusions of pregnan
[72], and one patient with bipolar affective disordet
[73].

By contrast, some other studies suggested a 1
prevalence rate of psychosis in carriers with
C90ORF72 mutation. For example, Simé
et al. found that only two out of 42 mutati

half of patients at the initial assessment. Hsiung et
al. reported one FID mutation carrier out of 30 that
presented with delusions, who was initially diagnosed
with psychosis/schizophrenia [75]. The wide-variety
in the results coming from these studies may suggest
different ways to detect and code the delusions and
hallucinations, different timing of appearance of the
symptoms during the illness, and variety of the persis-
tence of symptoms.

Other mutations related to psychosis in FTD

Several other genetic mutations were also reported.
Mosca et al. described a proband of the transactive
response DNA-binding protein (TARDBP) mutation
carriers that developed hallucinations [76]. Tang-Wai
et al. identified a presenilin 1 (PSEN1) gene mutation
in one allele in a kindred consisting of three FTD cases
presenting with delusions and illusions [77]. Gourzis

etal. found a genetic defect on chromosome 1 (46, XX,
1gh-) in a patient with early-onset FTD who had been
misdiagnosed with schizophrenia [78].

As a whole, COORF92 mutation, which is related to
the TDP-43 type B pathology, may be the most com-
mon genetic factor in patients with FID presenting
psychosis. GRN mutation, which is related to the TDP-
43 type A pathology, may be the second most common.
me.additional factors, such as anatomical
within these specific genetic groups may
ributed to the development of psychosis.

ging studies on psychosis in FTD

neuroimaging studies have investigated
atients with COORF72; this mutation is reported to be
associated with a high frequency of psychosis in FTD.
studies emphasized thalamic and cerebellar atro-
phy in mutation carriers [9, 10, 79]. Thalamic and
‘cerebellar projections could be related to the psychosis
associated with the C9ORF72 mutation although fur-
ther research is warranted [10, 45].

Chan et al. examined relationships between predom-
inant right temporal lobe atrophy (RTLA) and clinical
profiles in patients with FTD. They found that pre-
dominant RTLA (i.e., mean volume reduction of 41%
and 51% in the right hippocampus and amygdala,
respectively) is associated with a higher rate of visual
hallucinations (10%) in patients with FTD compared
to those with semantic dementia (left dominant atrophy
patients) (0%) [80]. These results suggest a relation-
ship between right temporal damage and the presence
of psychotic symptoms.

Some of the recent studies addressed the condi-
tion FTD phenocopy syndrome [81], which has similar
behavioral disturbances to “real FTD” but shows nor-
mal structural and functional neuroimaging findings,
and a slow progression over many years [82, 83]. How-
ever, the relationship between these phenocopy groups
and psychosis are still uncertain.

Altogether, there is still a lack of clear evidence
regarding anatomical correlation of psychosis using
neuroimaging methods.

Treatment for psychosis in FTD

To date, there is no specific disease modifying treat-
ment or preventative treatment for FTD. Medications
for AD and psychiatric disorders are frequently used
as off-label treatments for FTD [84]. Current phar-
macological studies on FTD mainly focus on treating
behavioral symptoms, such as compulsions, repetitive

— 248 —



492 S. Shinagawa et al. / Psychosis in Frontotemporal Dementia

behaviors, stereotypical movements, eating abnormal-
ities, and apathy, using various kinds of psychotropics,
including acetylcholinesterase inhibitors, antidepres-
sants, atypical antipsychotics, and NMDA glutamate
receptor antagonists [85, 86]. No systematic stud-
ies confirmed that they are effective for psychosis in
patients with FID, only several case studies exist to
date. There are two case reports of patients with FTD
with Cotard’s syndrome, which had not responded
to pharmacotherapy but were subsequently improved
by electroconvulsive therapy [87, 88]. While several
open label studies examined the effects of alternative
medicines on delusions and hallucinations in FTD [89,
90], the sample size is too small and further research
1s warranted.

Atypical antipsychotics are still widely used
behavioral symptoms of patients with FTD, howev
there are no large scale systematic studies about th
effectiveness of these drugs. Adverse effects oftenJimit
the use of these drugs for FTD, and the decigion
use them should be made with caution. An imgk
concern is the increased susceptibility to extrapyrami-
dal symptoms induced by antipsychotics; \

exposure are tisk factors for development o
resistant tardive dyskinesia [92-94]. :Ad

‘ arning’ on their
use. Thus, given the absence nt for psychosis
in FTD, further research is ne to elucidate the
mechanisms underlying psychosisin FTD in order to
develop new therapeutic options for this symptom.

DISCUSSION
Relationships between FTD and schizophrenia

In summary, we have described the following: 1)
psychosis is a clinically relevant symptom accompa-
nying FTD, with a prevalence rate of approximately
10-15%; 2) psychosis in FTD may be related to genetic
mutations of COORF72 and GRN; 3) neuroimaging
studies did not achieve conclusive results; and 4) no
treatment is currently available for psychosis in FTD.

Psychotic symptoms are seen in multiple differ-
ent neurodegenerative and neuropsychiatric disorders,
including AD, DLB, epilepsy, schizophrenia, and
bipolar disorder. A similar pathophysiology for sus-

ceptibility to psychosis may exist in these various
illnesses. Taking into consideration that psychosis is
among the most frequent symptoms in schizophre-
nia, the potential link between FTD and schizophrenia
should be further investigated in order to elucidate
the mechanisms underlying psychosis in FTD. Cur-
rent reports regarding the relationship between FTD
and schizophrenia identify potential overlaps in clini-
entation, neuroimaging, neuropsychology, and
ics, while significant differences are found with
egard to pathology [12, 95].

st, typical behavioral symptoms in FTD, such
nappropriate social behaviors and repetitive
ulsion-like behaviors, symptomatically resem-
to confusion and disorganization seen in patients
ith schizophrenia. Similarly, apathy and deficits in
motional expression in FTD resemble affective flat-

" tening and lack of motivation in schizophrenia. Also,

it is reported that nearly half of FTD patients with
mutations in C9ORF72 experience delusions or hal-
lucinations [8, 11]. Second, neuroimaging research on
schizophrenia demonstrates structural and functional
alterations in frontal and temporal lobes when com-
pared to healthy controls. Previous studies employing
structural MRI report volume reductions in frontal,
temporal, limbic, striatal, and thalamic regions in
patients with schizophrenia [96]. A meta-analysis of
18 first episode schizophrenia studies (555 patients
and 621 control subjects) and 20 studies of FTD (311
patients and 431 control subjects) reveals a spatial
overlap of structural brain changes. Both disorders
share gray matter deficits in the bilateral caudate,
left insula, and bilateral uncus regions [97], although
the degree of atrophy differs between symptomatic
FID and schizophrenia. Functional brain imaging in
schizophrenia shows altered function and impaired
functional connections in frontal and temporal regions
[98], similar to what has been found in FTD. Third,
neuropsychological data shows poor frontal-executive
function in patients with schizophrenia, as demon-
strated through tests of set-shifting abilities or selective
attention [99]; this impairment is typical of FTD.
Finally, certain genetic reports suggest that relatives
of probands with GRN or VCP mutations who present
with FTD may have a high family history frequency of
schizophrenia [62, 100]. Schoder et al. report that the
morbid risk for schizophrenia is significantly higher
in relatives of probands with FTD (1.35) than in rel-
atives of probands with AD (0.32). Some questions
regarding this finding arise due to the fact that the rate
of schizophrenia in this genetic group is only 1.1%,
whichis comparable to the general population. Itis also
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unclear whether the individuals with these mutations
will continue to have typical FTD-like presentations.
Huey et al. studied samples of 192 unrelated subjects
with schizophrenia to assess the presence of COORF72
mutation. None of the subjects with schizophrenia had
the pathogenic expansion [101]. It remains elusive
whether schizophrenia should be viewed as related
to these mutations. The available literature suggests
that a link between FTD and schizophrenia may exist
although more studies are needed [102].

This link between FTD and schizophrenia is indica-
tive of potential vulnerability to psychosis in brain
systems and pathways shared by both disorders.
For example, dysfunction in frontal-subcortical cir-
cuits has been implicated in the loss of executive
behavioral control in both groups of patients. This
dysfunction may lead to alterations in affective state,
disinhibition, and specific manners of thinking, such
as a tendency to jump to conclusions, which may
increase the risk of formation of psychosis in both dis
eases [103, 104]. Further, thalamic dysfunction m
also result in a reduced ability to adjust one’s se#t
sory responsiveness to ongoing behaviors in pat nts
with schizophrenia [105]. Psychosis is ass
with source-monitoring deficits whereby self-initigte
behaviors become attn'buted to outside source;

cues. Thus, the vulnerability potentially s
and schizophrenia, including the dysfu
frontal cortex and thalamus, may clini
psychosis in both types of patients.

Further research

Based on the limitations of previous studies, fur-
ther research on psychosis in patients with FID
needs to be conducted in larger cohorts with bio-
logically confirmed disease pathologies using clear
and standardized definitions of psychosis. Focusing
on a specific target potentially related to psychosis,
structural and functional neuroimaging studies should
compare patients with or without psychosis. Longitu-
dinal follow-up studies from the early stage before the
onset of dementia are also required as psychosis often
precedes cognitive decline in patients with FTD.

Also, based on the potential linkage between FTD
and schizophrenia, future research that references cur-
rent findings on psychosis in schizophrenia should
help to elucidate the mechanisms underlying psychosis
in FTD. For example, on the neurotransmitter level,
positron emission tomography studies have shown that

dopamine synthesis capacity, dopamine release, and
baseline dopamine levels are elevated in the striatum
in patients with schizophrenia [106]. Similar stud-
ies have not been performed in FTD. In addition,
increased glutamate signaling in the striatum has been
reported in subjects at ultra-high risk for psychosis
and in those with first-episode psychosis using mag-
netic resonance spectroscopy [107]. These increases
in dopamin ~and glutamate in the striatum have been
itive symptoms, such as hallucinations and
schizophrenia. Patients with FTD gener-
ynaptic deficiencies in striatal dopamine
ter systems [108, 109], while no consis-
is reported on the relationship between
> and psychosis in FTD. However, only a

‘few studies have examined the relationship between

dopaminergic or glutamatergic systems and psychosis
D. For example, Engelborghs et al. examined the
relationship between cerebrospinal fluid (CSF) levels
f.dopamine metabolites (DOPAC and HVA) and neu-
ropsychiatric symptoms in patients with FTD (n=25)
{110]. They found that CSF DOPAC levels corre-
lated with neuropsychiatric symptoms. Vermeiren et
al. examined the relationship between CSF levels of
glutamate and neuropsychiatric symptoms in patients
with FID (n=32) [111]. They demonstrated that CSF
levels of glutamate negatively correlated with verbally
agitated behavior in patients with FTD. These findings
suggest that abnormal dopaminergic or glutamatergic
neurotransmission may be associated with neuropsy-
chiatric symptoms in FTD. However, no study has
specifically focused on the relationship between psy-
chosis in FTD and these neurotransmitter systems.

Thus, further research is required to elucidate the
mechanisms underlying psychosis in FTD, with a focus
on the systems to which psychosis in schizophrenia is
attributed.

Limitations

This review has to be considered in light of the
limitations within the literature in addition to the afore-
mentioned limitations in each section. First, research
techniques such as neuroimaging, immunostaining,
and genetics, were recently developed. Thus, the clin-
ical and pathological concept of FID continues to
change, altering the diagnosis and classification of
FTD. Ultimately, this has resulted in various groups
employing differing methods to diagnose and clas-
sify FTD. Further, few studies specifically addressed
psychosis in patients with FTD and the definition of
psychosis differed across them. Symptoms comprising
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psychosis in FTD may be different among individu-
als as well as genetic groups. Second, with regard to
the genetic roles, East-Asian patients with FTD are
known to have fewer family histories [112, 113], and no
CI90ORF72 mutations cases were found in 75 Japanese
subjects with FTD, PSP, and CBD and 75 Korean sub-
jects with FTD [114, 115]. Thus, genetic background
may have different roles in the presentation of psy-
chosis between Western and East-Asian patients with
FID. This may be one explanation why symptomatic
studies in Asia failed to find psychosis among patients
with FTD [27]. Further studies are needed on psychosis
in patients with FTD between different ethnic groups.

Third, the sample sizes of most of the references

are relatively small. Also, many studies relied on

retrospective review of clinical records, and th
information bias issues should be considered. Four
despite the presence of a potential overlap in FTD an
schizophrenia in terms of neuropsychology and.neu-
roimaging, significant differences are found
them with regard to pathology [12, 95]. FTD isa:
rodegenerative disorder and the degree of neuréii
is clearly different in FTD from that in
nia, as there is little evidence of large sc

syndrome presenting psychosis and
chosis as a symptom with a relativ

Moreover, evidence of cogni
development of dementia in patien
nia is still unclear, although cegnitive impairment is
shared by both disorders. The ma; of studies on
cognition and schizophrenia &ré unésiitrolled. Patients
with schizophrenia have many confounding dementia
risk factors, including lifestyle, diet, smoking, antipsy-
chotic use, and alcohol and substance abuse [117].
While controversial, it is suggested that patients with
schizophrenia do not experience acceleration in cogni-
tive aging [118], rather schizophrenia appears to be a
disorder marked by generalized cognitive dysfunction.
Finally, frontal areas are influenced in other neuropsy-
chiatric and neurodegenerative diseases. This suggests
that the frontal involvement in aforementioned find-
ings, implicated in psychosis, may not be specific to
FTD and schizophrenia.

sents psy-

‘prevalence.
clitie and the
ith schizophre-

CONCLUSION

Important advances in research exploring the genet-
ics and molecular mechanisms of FTD over the last
decades have led to changes in the concept of FTD. As

such, the recognition and diagnosis of this disease has
increased. Also, recent advances in understanding the
genetic mechanisms of FTD reveal that FTD patients
with specific genetic background, such as COORF72
mutation, have a higher frequency of psychosis than do
patients with other mutations. In addition to the frontal
dysfunction common in patients with FTD, additional
in this genetic group may contribute to the
ment of psychosis.

sychosis is a common symptom in several neurode-
rative and neuropsychiatric diseases, including
and schizophrenia, which may have common
erability and endophenotypic mechanisms. These
genetic cases that are linked to FTD can be instrumen-
n clarifying the mechanism of psychosis beyond
D and may offer principles for understanding the
biological correlates of psychosis.

Additionally, psychosis in patients with FTD con-
tributes to worse clinical outcomes, social dysfunction,
poorer quality of life, and greater caregivers’ burden.
Given that no treatment is currently available for psy-
chosis in FTD, there is an urgent need to identify new
therapeutic strategies that target these symptoms. Inter-
ventions aimed at specific targets shared by FTD and
schizophrenia may be effective for the treatment of
psychosis in both disorders. Still, no decisive con-
clusions have been made regarding the biological
mechanism of psychosis in FTD. Further research is
warranted to elucidate this mechanism, with reference
to findings pertaining to psychosis in schizophrenia.
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