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ABSTRACT

Background: We examined the clinical features of tactile hallucinations associated with dementia with Lewy bodies and inves-
tigated their neural substrates.

Methods: This retrospective observational cross-sectional study enrolled 147 patients with probable dementia with Lewy bod-
ies from the Department of Psychiatry, The University of Osaka Hospital, and collected the data of Clinical Dementia Rating,
Mini-Mental State Examination, Neuropsychiatric Inventory-plus, and their demographics. Furthermore, magnetic resonance
imaging and cerebral blood flow data from single-photon emission computed tomography were collected when possible.
Results: Ten patients (6.9%) had tactile hallucinations. There were no significant differences in age, sex, or cognitive function
between the patients with and without tactile hallucinations. The patients with tactile hallucinations had more severe neuropsy-
chiatric symptoms, although none developed delusional infestations. Magnetic resonance imaging showed lower grey matter
volume in the right postcentral gyrus, and single-photon emission computed tomography images showed lower cerebral blood
flow in the left postcentral gyrus and relatively higher cerebral blood flow in the left inferior frontal gyrus in patients with tactile
hallucinations than in those without. Single-photon emission computed tomography was available for only three patients among
those with tactile hallucinations. Cerebral blood flow in the postcentral gyrus was reduced in all three patients compared with
the database of age-sex-matched healthy controls.

Conclusions: These findings suggest that tactile hallucinations in patients with dementia with Lewy bodies may be related to
damage in the postcentral gyrus and preserved function in the frontal lobe; this could be consistent with the “release phenom-
ena” hypothesis of hallucinations.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

© 2025 The Author(s). Psychogeriatrics published by John Wiley & Sons Australia, Ltd on behalf of Japanese Psychogeriatric Society.
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1 | Introduction

Dementia with Lewy bodies (DLB) is the second leading
cause of neurodegenerative dementia among older peo-
ple after Alzheimer's disease [1, 2]. Patients with DLB fre-
quently exhibit neuropsychiatric symptoms (NPS) even in the
early stages of the disease, and the severities of various NPS
during the early stage are higher in patients with DLB than
in those with Alzheimer's disease [3]. There are many cases
of psychiatric-onset DLB, a condition that is diagnosed as a
psychiatric disorder before the patient presents with demen-
tia [4], and many of these patients have highly systematized
psychosis as the initial symptom [5]. NPS in the patients with
DLB cause lower quality of life and a higher degree of care-
giver distress [6, 7]. Therefore, NPS intervention is crucial for
patients with DLB.

Among the various NPS associated with DLB, visual hallucina-
tions (VH) are the most specific, and VH presence is one of the
core clinical features in the diagnostic criteria [8]. There have
been numerous studies on VH in DLB, including several studies
on their neural basis [9-11]. Hallucinations other than VH can
also occur in patients with DLB. A previous study reported that
35.5% of patients with DLB had auditory hallucinations, which
were frequently accompanied by VH, similar to the background
soundtracks of hallucinatory scenes [12]. Tactile hallucinations
(TH) have also been observed in patients with Parkinson's dis-
ease (PD) [13-15] and DLB [16]. TH are symptoms of concern
that are associated with intractable clinical entities such as de-
lusional infestation [17] and cenesthopathy. However, previously
published articles on TH in patients with PD and DLB are lim-
ited to case reports.

In the present study, we examined the prevalence and the fea-
tures of TH associated with DLB and their neural substrates.

2 | Methods
2.1 | Study Design

This retrospective observational cross-sectional study as-
sessed general medical information and did not require inter-
ventions. For our analyses, we used data from the database of
neuropsychological clinics and the Department of Psychiatry
at The University of Osaka Hospital. All patients underwent
standard neuropsychological examinations and routine lab-
oratory tests. Their demographic information, including
disease and drug history, were assessed through clinical in-
terviews with their caregivers. Magnetic resonance imaging
(MRI) of the brain and/or single-photon emission computed
tomography (SPECT) was also obtained, except in cases of
infeasibility. All patient information was anonymised and
stored as unlinked data prior to analysis to prevent the dis-
closure of personal information. No monetary incentives were
provided to the participants or caregivers.

This study was approved by the Internal Review Board of The
University of Osaka Graduate School of Medicine (No. 19117)
and conducted in compliance with national legislation and
the Declaration of Helsinki. All the patients and their families

agreed to an opt-out clause for the use of data collected during
common clinical examinations.

2.2 | Participants

Patients with mild cognitive impairment (MCI) [18] or demen-
tia assumed to be due to Lewy bodies were retrospectively
recruited according to the following criteria with reference
to the consensus diagnostic criteria for probable DLB [8] and
the research criteria for probable MCI with Lewy bodies [4]
from the database of the neuropsychological clinic of the de-
partment of psychiatry in The University of Osaka Hospital
between May 2005 and March 2020: (a) age > 50years old, (b)
Clinical Dementia Rating (CDR) [19] score >0.5, (c) two or
more core clinical DLB features (fluctuating cognition, VH,
Parkinsonism and rapid eye movement sleep behavior disor-
der) present with or without the presence of indicative bio-
markers, or only one core clinical feature present with positive
results in one or more indicative biomarkers, and (d) reliable
information about NPS obtained from family caregivers by the
method described in the next subsection (Assessment of clin-
ical features).

The exclusion criteria were: abnormal findings other than brain
atrophy on MRI; complications or dementia history other than
DLB; psychiatric diseases with onset before age 40years that
cause hallucinations or delusions; physical disorders known to
affect brain function; severe complications of cardiovascular,
hepatic, renal, or other diseases; and absence of a close caregiver
who could state patient symptoms.

2.3 | Assessment of Clinical Features

General cognition was assessed using the Mini-Mental State
Examination [20] and dementia severity was rated using the
CDR. The NPS was assessed using the Japanese version of the
Neuropsychiatric Inventory (NPI)-plus [21], which includes
the subitems of the original NPI-12 (delusions, hallucinations,
agitation/aggression, dysphoria, anxiety, euphoria, apathy,
disinhibition, irritability/lability, aberrant motor behavior,
sleep disturbances, and appetite/eating changes) [22] and
subitems for cognitive fluctuation. According to the NPI-12
methodology, we tabulated the types of delusions (persecu-
tion, theft, jealousy, phantom boarder, Capgras, home mis-
identification, abandonment, television sign, and others) and
hallucinations (visual, auditory, conversational, tactile, olfac-
tory, gustatory, and others). The presence or absence of TH
was determined based on the results from the hallucination
sub-items in the NPI.

2.4 | MRI Acquisition and Preprocessing

For brain imaging analysis, MRI of the following conditions was
collected, if available, and performed within 3months of the
clinical assessments described above. Examinations were per-
formed using a 1.5 Tesla MR system (SIGNA Explorer, General
Electric, Milwaukee, WI, USA). Three-dimensional volumetric
acquisition of a T1-weighted gradient-echo sequence (3D-T1)
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was conducted to produce a gapless series of thin sagittal sec-
tions covering the entire calvarium. The operating parameters
were: field of view =240 mm, matrix =256 X256, 124X 1.40mm
contiguous sections, TR=12.55ms, TE=4.20ms, and flip
angle=15°.

MRI preprocessing was performed prior to statistical analysis
using the Statistical Parametric Mapping (SPM) version 12b
software (Wellcome Centre for Human Neuroimaging, UCL,
London, UK) running MATLAB R2015a (The MathWorks
Inc., Natrick, MA, US). All MRIs were segmented and
transformed into a standard stereotaxic anatomical space
with the brain template from the Montreal Neurological
Institute Talairach and Tournoux atlas space (voxel size:
1.5mmx1.5mmx1.5mm) using DARTEL flow created in
the DARTEL process and smoothed using an 8-mm Gaussian
kernel.

2.5 | SPECT Imaging Acquisition

For brain imaging analysis, SPECT images of the following
conditions were collected, if available, within 3 months of the
clinical assessments described above. The participants un-
derwent N-isopropyl-p-[123IJiodoamphetamine (123I-IMP)
SPECT using an integrated SPECT/CT system (Symbia T-6
until February 2020, and Symbia Intevo. from March 2020;
Siemens Healthineers, Erlangen, Germany) to evaluate re-
gional cerebral blood flow (rCBF). The studies were per-
formed with patients in a resting state with their eyes closed
and ears unplugged. A 167-MBq dose of 123I-IMP was con-
tinuously injected into the antecubital vein. The SPECT scan
was initiated 15 min after 123I-IMP injection. Data acquisition
was performed for 30 min in the static mode with circularly
rotating gamma cameras over a 360° range in 4° angular steps
(90 views) and with 150s/cycle and 12 repeats. The radius of
rotation was 17cm. The scatter component of the projection
data was estimated using the triple energy window method.
Scatter-subtracted tomographic data were reconstructed by
the filtered-back projection method with Chang's attenuation
correction method. For the attenuation coefficient, 0.15cm™
was used based on the previously obtained pooled phantom
data. A Ramachandran filter was used as the reconstruction
filter.

3 | Statistical Analyses

According to the NPI results, patients were divided into
two groups: one with TH (DLB+TH) and the other without
(DLB - TH). We used the Mann-Whitney U test to compare con-
tinuous or ordinal variables, and Fisher's exact test to compare
the proportions of categorical variables between the groups. The
threshold for significance was p <0.05.

All statistical analyses were conducted using JMP 15 (JMP
Statistical Discofery LLC, Cary, NC, US).

In cases where MRI could be collected, the difference in re-
gional grey matter volume (rGMV) between DLB+TH and
DLB-TH was examined with a voxel-by-voxel comparison

using a two-sample t-test model in SPM. The total intracranial
volume was inserted into the comparison as a nuisance covari-
ate. The statistical threshold was set to an uncorrected p <0.005;
the extent threshold was set to 200 voxels.

In cases where SPECT images could be collected, three-
dimensional stereotactic surface projection (3D-SSP) images
were created using the Neurological Statistical Image Analysis
Software (NEUROSTAT) [23]. Image analysis was performed
using iSSP version 3.5, FALCON version 6.1.0.0 (Nihon Medi-
Physics Co. Ltd., Tokyo, Japan). In this process, the spatial distri-
bution of abnormal rCBF was calculated for each SPECT datum
using the age-sex-matched normal control database of The
University of Osaka Hospital. The spatial distribution of abnor-
mal rCBF was compared between the DLB+TH and DLB—TH
groups by calculating two-sample t-statistic values (converted
to Z) at each voxel using iSSP3.5_2tZ (Nihon Medi-Physics Co.
Ltd.). The statistical Z-threshold was set to 2.

4 | Results
4.1 | Clinical Characteristics

Data of 147 patients who met the criteria for probable DLB
were extracted from the database. Among them, two patients
were excluded because of a lack of NPI data. Of the remain-
ing 145 patients, 10 were assigned to the DLB+TH group
and 135 to the DLB —TH group, according to the NPI results.
Therefore, the prevalence of TH in patients with DLB was ap-
proximately 6.9%.

In the analyses of clinical features, there were no significant dif-
ferences in age, sex, or cognitive function between the groups.
The disease duration was significantly longer in the DLB+TH
group (Table 1). The proportion of patients using cholinesterase
inhibitors tended to be higher in the DLB + TH group; however,
this difference was not statistically significant. There was no sig-
nificant difference in the rate of antipsychotic drug use between
the two groups. None of the patients in the DLB+TH group
were prescribed anti-parkinsonian drugs.

TH effects consist mostly of sensations of small objects such as
insects, animals, strings, and hands touching, crawling, or cling-
ing to the patient's skin. Three patients claimed that someone's
hands crept into their underwear, night clothing, or blankets in
a sexual context. Although all patients with TH complained of
abnormal skin sensations, none of them developed delusional
infestation, which is a conviction of being infested with small
living or nonliving organisms.

The patients in the DLB+TH group tended to have more hal-
lucinations than those in the DLB—TH group (Figure 1A). In
particular, VH was observed in all patients in the DLB+TH
group, and there were significantly more conversational mono-
logue (talking to people who were not there) in the DLB+TH
group. Furthermore, NPS other than hallucinations and delu-
sions were observed more frequently in the DLB+TH group
(Figure 1B). In particular, the rates of euphoria, irritability,
and aberrant motor behavior were significantly higher in the
DLB+TH group.
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TABLE1 | Demographic data of patients with DLB.
DLB+TH (n=10) DLB-TH (n=135) p?

Variables Mean (SD) Mean (SD)
Age (years) 81.6 (6.6) 78.3 (5.8) 0.189
Disease duration 6.0 (5.1) 2.96 (2.5) 0.049*
Education 12.1 2.3) 11.7 3.2) 0.810
MMSE 19.0 (6.6) 19.8 (5.3) 0.936
CDR 1.5 (0.9) 1.2 0.7) 0.278

Number (Percent) Number (Percent) pP
Sex (males) 5 (50%) 66 (49%) 0.999
Using ChEI 6 (60%) 46 (34%) 0.168
Using AP¢ 4 (44%) 55 (43%) 0.999

Abbreviations: AP, antipsychotic drugs; CDR, clinical dementia rating; ChEI, cholinesterase inhibitors; DLB—TH, group of patients with DLB who did not have tactile
hallucinations; DLB + TH, group of patients with DLB who had tactile hallucinations; DLB, dementia with Lewy bodies; MMSE, mini-mental state examination; SD,

standard deviation.
*p<0.05.
“Mann-Whitney U test.
bFisher's exact test.

°One case of DLB+TH and eight cases of DLB—TH with missing data.
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mentia with Lewy bodies; DLB + TH, group of patients with DLB who had tactile hallucinations; DLB —TH, group of patients with DLB who did not

have tactile hallucinations.
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4.2 | Neuroimaging Analysis

In the MRI analysis, three patients were excluded from the
DLB+TH group and 37 from the DLB—TH group because of
the lack of 3D-T1 images. We conducted an MRI analysis of 105
patients (seven in the DLB+TH group vs. 98 in the DLB—TH
group). In the SPM analysis of MRI, rtGMV of the upper part
of the right postcentral gyrus was significantly lower in the
DLB+TH group than in the DLB—TH group (Figure 2A). In
contrast, rtGMV of the lower part of the right parietal lobe, a part
of the right occipital lobe, and a part of the right middle temporal
gyrus was significantly higher in the DLB+TH group than in
the DLB —TH group (Figure 2B).

In SPECT images analysis, seven patients were excluded from
the DLB+TH group and 34 from the DLB—TH group due to a
lack of images. We analyzed the SPECT images of 104 patients
(three in the DLB+ TH group vs. 101 in the DLB — TH group). In
one patient in the DLB—TH group, the data were imaged with
Symbia Intevo; all other case data were imaged with Symbia T-6.
In the iSSP3.5_2tZ analysis, rCBF in the upper part of the left
postcentral gyrus was significantly lower in the DLB + TH group
than in the DLB—TH group (Figure 3A). In contrast, rCBF in
a part of the left parietal lobe, a part of the left occipital lobe,

and a part of the left superior temporal gyrus was significantly
higher in the DLB+TH group than in the DLB—TH group.
Furthermore, rCBF in the left inferior frontal gyrus, left frontal
pole, and right superior/middle frontal gyrus was significantly
higher in the DLB+ TH group (Figure 3B).

As there were only three patients in the DLB+ TH group in the
SPECT analysis, we examined the results from the analyses of
the individual SPECT images of these three patients against age-
sex-matched healthy controls in the iSSP (a, b and c in Figure 4A
and 4B). Decreased rCBF was observed in the left postcentral
gyrus in two patients (a, ¢) and in the right postcentral gyrus in
one patient (b) compared to the normal control (Figure 4A). Two
patients (b, ¢) had lower rCBF in the parieto-temporo-occipital
region as well, which is consistent with DLB features. Increased
rCBF was observed in the right lower frontal region (a) and in
the left lower frontal region (b, c) (Figure 4B).

5 | Discussion
In this study, we investigated the clinical characteristics and

brain imaging features of patients with DLB presenting with
TH. To our knowledge, this was the first study to explore the

(A) TH+<TH- (B) TH+>TH-
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Height threshold: T = 2.62, p = 0.005 (1.000)
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Degrees of freedom = [1.0, 102.0]
FWHM = 17.4 17.2 16.9 mm mm mm; 11.6 11.4 11.3 {voxels)
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Height threshold: T = 2.62, p = 0.005 (1.000)
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Degrees of freedom = [1.0, 102.0]
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FIGURE 2 | Brainregions with lower (A) and higher (B) grey matter volume in DLB+TH than in DLB — TH, statistical threshold at uncorrected
p<0.005 and extent threshold at 200 voxels. DLB, dementia with Lewy bodies; DLB + TH (TH+), group of patients with DLB who had tactile halluci-
nations; DLB—TH (TH-), group of patients with DLB who did not have tactile hallucinations. SPM, statistical parametric mapping.
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FIGURE 3 | Brain regions with lower (A) and higher (B) cerebral blood flow in DLB+TH than in DLB —TH. Color coding represents the statisti-
cal significance (Z-score). Data was normalized by whole brain average count (GLB). DLB, dementia with Lewy bodies; DLB+ TH, patients with DLB
who had tactile hallucinations; DLB —TH, patients with DLB who did not have tactile hallucinations; REF; anatomical reference map.

neural basis of TH in patients with DLB. The results indicated
that TH prevalence in patients with DLB was approximately 7%;
they tended to have a longer disease duration, had NPS other
than TH, and their brain imaging showed atrophy and hypoper-
fusion in the upper part of the postcentral gyrus.

A previous comprehensive review of NPS in PD reported that
the prevalence of TH in PD ranged from 0% to 22.5% [24], and
a cross-sectional comparative study of NPS in PD with or with-
out dementia and DLB reported that TH prevalence was 0%,
1%, and 3%, respectively [25]. In the current study, TH preva-
lence was 6.9%, which is consistent with the results of previous
studies.

There were no significant differences in demographic data be-
tween the two groups in our study, except for disease duration.
The use of cholinesterase inhibitors appears to be low com-
pared to the general clinical situation (60% in the DLB+TH
group, 34% in the DLB-TH group); this is due to the data from
the time of the first consultation at our hospital, when DLB
had not yet been diagnosed (DLB would be diagnosed based
on the test results at that time). In DLB, neither age (at exam, at
onset), sex, major depression, cognitive impairment, nor taking
anti-parkinsonian agents were reported to be associated with
hallucinations [25]. In a previous case series of TH in PD, most
patients with PD with TH had a long disease duration (mean
>11years) and a high severity level, suggesting a link between
advanced PD and TH presence [14]. Furthermore, in a prospec-
tive cohort study of patients with PD, the prevalence of TH in-
creased over time, increasing from 20.25% at 1.5years to 33.75%
at 10years of age [26]. Given the present results, the same may
be true for DLB.

The characteristics of TH in PD are typically the sensation of an-
imals or insects biting or crawling on the skin, or the sensation
of liquid such as water or oil running or dripping from the skin
according to some case reports [13-15] and a review of them [24].
The only previous study that reported a case series of TH in pa-
tients with DLB [16] also reported that their characteristics were
very similar to those of patients with PD reported in the above
studies. The present results are consistent with these previous
papers as well in this respect. Additionally, in previous reports
of PD, it was elaborated that hallucinations are accompanied by
other types of hallucinations occurring simultaneously [14], and
the hallucinations of different modalities interacted with one
another [24]. Also in DLB, NPS other than hallucinations were
seen more frequently in those with hallucinations than in those
without [12]. These results are consistent with the characteris-
tics of the DLB+ TH group compared to the DLB—TH group in
the present study.

In the present study, none of the patients had strong delusions
associated with TH, such as delusional infestations or cenesthe-
sia. Three quarters of patients with TH in PD were reported to
retain the insight into the hallucinatory nature of the phenome-
non despite their reality and did not have delusional infestations
nor cenesthopathic hallucinations [14]. Considering these facts,
not many patients with DLB seem develop strong delusions from
TH. However, it was reported that some TH cases in PD or DLB
exhibited delusional infestations or cenesthopathy [13, 14, 27]
and led to extreme behavior such as burning the own body to
exterminate insects attached to the body [17]. In DLB, even if
patients saw a vision of an unfamiliar person in their home, VH
could be determined by them unless they experienced auditory
hallucinations; once the hallucination spoke, they were more
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FIGURE 4 | Brain regions with lower (A) and higher (B) cerebral blood flow in each DLB+ TH case than in normal controls. Color coding rep-

resents the statistical significance (Z-score). DLB, dementia with Lewy bodies; DLB+ TH, patients with DLB who had tactile hallucinations; REF,

anatomical reference map.

likely to believe it existed [12]. There seems to be a tendency
that hallucinations in one modality enhance the hallucinations
in other modalities, making them more believable, for example
“strengthening of VH by TH” [16]. However, even if the TH and
VH of insects are experienced simultaneously, it does not neces-
sarily result in delusional infestations. Delusional infestations
seem to have another mechanism, which may be delusionality.

To the best of our knowledge, the first report of TH in a patient
with PD was a drug-induced case involving the use of pergolide
and levodopa [13]. Another case report stated that TH in patients
with PD was triggered by dopamine agonists [27], and a review
indicated that the most important extrinsic psychotogenic factor

in patients with PD is dopaminomimetic stimulation of the lim-
bocortical dopaminergic receptors [28]. TH in these patients
was accompanied by strong delusions; that is, they would ex-
hibit characteristics of delusional infestations or cenesthopathy.
Another review reported that hallucinations were not associated
with the number and dose of anti-parkinsonian agents in pa-
tients with PD or DLB [25]. Our results indicated that none of the
patients with TH had been using anti-parkinsonian drugs, and
their use may be relevant, but not essential, for TH development.

The pathophysiology of TH and other types of hallucinations
in DLB, as is PD, is uncertain. Some hypotheses have been
proposed to explain the mechanisms of hallucinations. In a
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previous study that explored co-occurring multi-sensory hal-
lucinations in patients with different conditions including PD
and DLB [29], a “generative model of perception” [30] was in-
troduced in which hallucinations may be understood. The hy-
potheses regarding hallucinations can be interpreted as: (1)
impairment of the sensory center and release of symptoms, (2)
psychosis or disturbance of consciousness, and (3) cognitive dys-
function. In the present study, brain imaging showed atrophy
and hypoperfusion in the upper part of postcentral gyrus as well
as higher rCBF in left inferior frontal gyrus in the DLB+TH
group than the DLB—TH group, although tactile hallucinations
were not associated with sleep disturbances, cognitive fluctua-
tions, nor cognitive impairment. The results suggest that tactile
hallucinations in the present patient group is related to the first
hypothesis.

It is said that the VH seen in PD is similar to those described
in Charles Bonnet syndrome associated with vision loss [24],
long described as a release phenomenon, that is, removal of
normal sensory impulses releases indigenous cerebral activity
of the sensory system [31]. In a previous study that compared
structural imaging studies of patients with VH in PD and DLB,
atrophy of both primary and secondary visual cortex in the oc-
cipital lobe was found in each clinical condition [32]. Similarly,
the auditory hallucinations in DLB are hypothesized as the audi-
tory input to the primary auditory cortex is decreased in patients
with hearing impairment; the reduced basal inhibition of the au-
ditory association cortex might allow spontaneous activity [12].

The postcentral gyrus has long been considered the somatosen-
sory cortex [33]. Although it is considered that there is no clear
boundary with the motor cortex of the precentral gyrus and that
they intermingle with each other [34], a recent somatosensory
mapping study has confirmed the postcentral gyrus as the so-
matosensory cortex [35]. The presence and severity of skin sen-
sation impairment were not examined in our study; however,
our results that brain imagings of patients with DLB with TH
showed atrophy and hypoperfusion in the upper part of the
postcentral gyrus are consistent with the conditions of reduced
primary input of sensory information in “release phenomena”
hypothesis for TH. A functional MRI study reported that pa-
tients with PD with chronic VH responded to visual stimuli with
greater frontal and subcortical activation and less visual corti-
cal activation than non-hallucinating participants with PD [36].
This is consistent with the relatively higher rCBF in the left in-
ferior frontal gyrus in the DLB + TH group in the present study.

This study has several limitations. First, it was not possible to
directly investigate internal psychiatric symptoms, such as
hallucinations, in patients. Since hallucinations were assessed
based on caregiver observations, the content of hallucinations
tended to be biased toward those that were most memorable to
the caregivers. This methodological issue may indicate that the
rate of hallucinations is not as high as it is in reality. Second, the
retrospective examination of case notes to identify any kind of
symptoms is likely to have led to underreporting. However, in
our institution, the NPS is assessed using the NPI-plus for all
patients suspected of having dementia; therefore, the impact of
this limitation may have been minimized. Third, as there were
some missing data on anti-parkinsonian medication history, the
statistical analyses of it could not be performed. However, it was

confirmed that no anti-parkinsonian drugs were prescribed for
any of the DLB+ TH group. There were also some missing data
on antipsychotics; however, as the missing data were less than
10% and occurred completely at random, the statistical results
were presented after excluding the missing data. Fourth, the
small number of participants in the DLB+TH group had low
statistical power, whereas the total number of participants with
DLB was 145. Therefore, to extract features from the neuroim-
ages of the DLB+TH group, it was necessary to use a looser
threshold in image analyses. Finally, this was a cross-sectional
study. Although a relationship between TH and brain rGMV or
rCBF was shown, a causal relationship is unclear.

In conclusion, the present study revealed that patients with DLB
with TH often had hallucinations in other modalities and var-
ious NPS. In DLB, TH may be related to damage in the post-
central gyrus and preserved function in the frontal lobe, which
may be consistent with the “release phenomena” hypothesis for
hallucinations. The prevalence of TH in patients with DLB is
low, and this study has many limitations. Further research is
required to resolve these limitations.

Acknowledgements

We thank all the patients whose contributions made it possible to con-
duct this study. We would like to thank Editage (www.editage.jp) for
English language editing.

Ethics Statement

This study was approved by the Internal Review Board of The
University of Osaka Graduate School of Medicine (No. 19117). The study
conforms to the provisions of the Declaration of Helsinki (as revised in
Brazil 2013).

Consent

All the patients and their families agreed to an opt-out clause for the use
of data collected during common clinical examinations.

Conflicts of Interest

Kyosuke Kakeda and Hideki Kanemoto received lecture fees from
Sumitomo Pharma Co. Ltd. Hideki Kanemoto, Kenji Yoshiyama,
Mamoru Hashimoto, and Manabu Ikeda received grants and personal
fees from Eisai Inc. The other authors declare no conflicts of interest.

Data Availability Statement

The datasets used and/or analysed during the current study are avail-
able from the corresponding author upon reasonable request. The orig-
inal contributions presented in the study are included in the article
material; further inquiries can be directed to the corresponding author.

References

1. 1. G. McKeith, D. Galasko, K. Kosaka, et al., “Consensus Guidelines
for the Clinical and Pathologic Diagnosis of Dementia With Lewy Bod-
ies (DLB): Report of the Consortium on DLB International Workshop,”
Neurology 47, no. 5 (1996): 1113, https://doi.org/10.1212/wnl.47.5.1113.

2.S. A. Vann Jones and J. T. O'Brien, “The Prevalence and Incidence of
Dementia With Lewy Bodies: A Systematic Review of Population and
Clinical Studies,” Psychological Medicine 44 (2014): 673-683, https://
doi.org/10.1017/S0033291713000494.

8of 9

Psychogeriatrics, 2025

85U80|7 SUOWIWOD A0 3|edldde aup Aq peusenob ae ssppiie YO ‘8sn Jo se|ni 1oy AriqiT8uljuO 8|1 UO (SUOTpUoD-pUe-sLIeILI00 A8 | 1M Afelq 1 Bul|UO//:SANY) SUORIPUOD pue Swie | 81 88S *[6202/60/T0] Uo A%iqiTaulluo A(1M BesO JO Aisenun ay L Aq 2800, BASd/TTTT 0T/10p/u0o A8 | ARelq1jeuljuo//Sdny Woly papeo|umod ‘G ‘G20z ‘TOE86LYT


http://www.editage.jp
https://doi.org/10.1212/wnl.47.5.1113
https://doi.org/10.1017/S0033291713000494
https://doi.org/10.1017/S0033291713000494

3. H. Kazui, K. Yoshiyama, H. Kanemoto, et al., “Differences of Behav-
ioral and Psychological Symptoms of Dementia in Disease Severity in
Four Major Dementias,” PLoS One 11 (2016): €0161092, https://doi.org/
10.1371/journal.pone.0161092.

4.1.G.McKeith, T. J. Ferman, A. J. Thomas, et al., “Research Criteria for
the Diagnosis of Prodromal Dementia With Lewy Bodies,” Neurology 94
(2020): 743-755, https://doi.org/10.1212/WNL.0000000000009323.

5. H. Kanemoto, Y. Satake, T. Suehiro, et al., “Characteristics of Very
Late-Onset Schizophrenia-Like Psychosis as Prodromal Dementia With
Lewy Bodies: A Cross-Sectional Study,” Alzheimer's Research & Therapy
14 (2022): 137, https://doi.org/10.1186/s13195-022-01080-x.

6. M. Ricci, S. V. Guidoni, M. Sepe-Monti, et al., “Clinical Findings,
Functional Abilities and Caregiver Distress in the Early Stage of De-
mentia With Lewy Bodies (DLB) and Alzheimer's Disease (AD),” Ar-
chives of Gerontology and Geriatrics 49 (2009): €101, https://doi.org/10.
1016/j.archger.2008.10.001.

7. H. Kanemoto, S. Sato, Y. Satake, et al., “Impact of Behavioral and Psy-
chological Symptoms on Caregiver Burden in Patients With Dementia
With Lewy Bodies,” Frontiers in Psychiatry 12 (2021): 753864, https://
doi.org/10.3389/fpsyt.2021.753864.

8. 1. G. McKeith, B. F. Boeve, D. W. Dickson, et al., “Diagnosis and Man-
agement of Dementia With Lewy Bodies: Fourth Consensus Report of
the DLB Consortium,” Neurology 89 (2017): 88-100, https://doi.org/10.
1212/WNL.0000000000004058.

9. T. Imamura, K. Ishii, N. Hirono, et al., “Visual Hallucinations and
Regional Cerebral Metabolism in Dementia With Lewy Bodies (DLB),”
Neuroreport 10 (1999): 1903-1907, https://doi.org/10.1097/00001756-
199906230-00020.

10. J. T. O'Brien, M. J. Firbank, U. P. Mosimann, D. J. Burn, and I. G.
McKeith, “Change in Perfusion, Hallucinations and Fluctuations in
Consciousness in Dementia With Lewy Bodies,” Psychiatry Research
139 (2005): 79-88, https://doi.org/10.1016/j.pscychresns.2005.04.002.

11. R. Perneczky, A. Drzezga, H. Boecker, H. Forstl, A. Kurz, and P.
Hiussermann, “Cerebral Metabolic Dysfunction in Patients With De-
mentia With Lewy Bodies and Visual Hallucinations,” Dementia and
Geriatric Cognitive Disorders 25 (2008): 531-538, https://doi.org/10.
1159/000132084.

12. N. Tsunoda, M. Hashimoto, T. Ishikawa, et al., “Clinical Features of
Auditory Hallucinations in Patients With Dementia With Lewy Bodies:
A Soundtrack of Visual Hallucinations,” Journal of Clinical Psychiatry
79 (2018): 17m11623, https://doi.org/10.4088/JCP.17m11623.

13.F. J. Jiménez-jiménez, M. Orti-pareja, T. Gasalla, A. Tallon-
Barranco, F. Cabrera-Valdivia, and A. Fernandez-Lliria, “Cenesthetic
Hallucinations in a Patient With Parkinson's Disease,” Journal of Neu-
rology, Neurosurgery, and Psychiatry 63, no. 1 (1997): 120, https://doi.
0rg/10.1136/jnnp.63.1.120.

14. G. Fénelon, S. Thobois, A. M. Bonnet, E. Broussolle, and F. Tison,
“Tactile Hallucinations in Parkinson's Disease,” Journal of Neurology
249 (2002): 1699-1703, https://doi.org/10.1007/s00415-002-0908-9.

15. H. Kataoka and S. Ueno, “A Review of Tactile Hallucinations in Par-
kinsons Disease,” Neuropsychiatry 07 (2017): 224-227, https://doi.org/
10.4172/Neuropsychiatry.1000202.

16. K. Ukai, “Tactile Hallucinations in Dementia With Lewy Bodies,”
Psychogeriatrics 19 (2019): 435-439, https://doi.org/10.1111/psyg.12407.

17. D. Taomoto, H. Kanemoto, Y. Satake, et al., “Case Report: Delusional
Infestation in Dementia With Lewy Bodies,” Frontiers in Psychiatry 13
(2022): 1051067, https://doi.org/10.3389/fpsyt.2022.1051067.

18. R. C. Petersen, “Mild Cognitive Impairment as a Diagnostic Entity,”
Journal of Internal Medicine 256 (2004): 183-194, https://doi.org/10.
1111/j.1365-2796.2004.01388.x.

19.J. C. Morris, “The Clinical Dementia Rating (CDR): Current Version
and Scoring Rules,” Neurology 43 (1993): 2412-2414, https://doi.org/10.
1212/wnl.43.11.2412-a.

20. M. F. Folstein, S. E. Folstein, and P. R. McHugh, “Mini-Mental
State,” Journal of Psychiatric Research 12 (1975): 189-198, https://doi.
0rg/10.1016/0022-3956(75)90026-6.

21. E. Mori, M. Ikeda, K. Kosaka, and Donepezil-DLB Study Investi-
gators, “Donepezil for Dementia With Lewy Bodies: A Randomized,
Placebo-Controlled Trial,” Annals of Neurology 72 (2012): 41-52, https://
doi.org/10.1002/ana.23557.

22.J. L. Cummings, “The Neuropsychiatric Inventory: Assessing Psy-
chopathology in Dementia Patients,” Neurology 48 (1997): S10-S16,
https://doi.org/10.1212/wnl.48.5_suppl_6.10s.

23.S. Minoshima, K. A. Frey, R. A. Koeppe, N. L. Foster, and D. E.
Kuhl, “A Diagnostic Approach in Alzheimer's Disease Using Three-
Dimensional Stereotactic Surface Projections of Fluorine-18-FDG PET,”
Journal of Nuclear Medicine 36 (1995): 1238-1248.

24. XK. Frei and D. D. Truong, “Hallucinations and the Spectrum of Psy-
chosis in Parkinson's Disease,” Journal of the Neurological Sciences 374
(2017): 56-62, https://doi.org/10.1016/j.jns.2017.01.014.

25.D. Aarsland, C. Ballard, J. P. Larsen, and I. McKeith, “A Comparative
Study of Psychiatric Symptoms in Dementia With Lewy Bodies and Par-
kinson's Disease With and Without Dementia,” International Journal of
Geriatric Psychiatry 16 (2001): 528-536, https://doi.org/10.1002/gps.389.

26. C. G. Goetz, G. T. Stebbins, and B. Ouyang, “Visual Plus Nonvisual
Hallucinations in Parkinson's Disease: Development and Evolution
Over 10Years,” Movement Disorders 26 (2011): 2196-2200, https://doi.
0rg/10.1002/mds.23835.

27. H. Kataoka, N. Sawa, K. Sugie, and S. Ueno, “Can Dopamine Ago-
nists Trigger Tactile Hallucinations in Patients With Parkinson's Dis-
ease?,” Journal of the Neurological Sciences 347 (2014): 361-363, https://
doi.org/10.1016/j.jns.2014.10.014.

28. E. C. Wolters, “Intrinsic and Extrinsic Psychosis in Parkinson's Dis-
ease,” Journal of Neurology 248 (2001): 11122-I1127, https://doi.org/10.
1007/pl00007822.

29. R. Dudley, C. Aynsworth, U. Mosimann, et al., “A Comparison of Vi-
sual Hallucinations Across Disorders,” Psychiatry Research 272 (2019):
86-92, https://doi.org/10.1016/j.psychres.2018.12.052.

30. K. Friston, “The Free-Energy Principle: A Unified Brain Theory?,”
Nature Reviews. Neuroscience 11 (2010): 127-138, https://doi.org/10.
1038/nrn2787.

31.D. G. Cogan, “Visual Hallucinations as Release Phenomena,” Al-
brechtvon Graefes Archiv fiir Klinische und Experimentelle Ophthalmol-
ogie 188 (1973): 139-150, https://doi.org/10.1007/BF00407835.

32.R. Carter and D. H. Ffytche, “On Visual Hallucinations and Cor-
tical Networks: A Trans-Diagnostic Review,” Journal of Neurology 262
(2015): 1780-1790, https://doi.org/10.1007/s00415-015-7687-6.

33. W. Penfield and E. Boldrey, “Somatic Motor and Sensory Represen-
tation in the Cerebral Cortex of Man as Studied by Electrical Stimula-
tion,” Brain 60 (1937): 389-443, https://doi.org/10.1093/brain/60.4.389.

34. M. Catani, “A Little Man of Some Importance,” Brain 140 (2017):
3055-3061, https://doi.org/10.1093/brain/awx270.

35. F. E. Roux, . Djidjeli, and J. B. Durand, “Functional Architecture of
the Somatosensory Homunculus Detected by Electrostimulation,” Jour-
nal of Physiology 596 (2018): 941-956, https://doi.org/10.1113/JP275243.

36. G. T. Stebbins, C. G. Goetz, M. C. Carrillo, et al., “Altered Cortical
Visual Processing in PD With Hallucinations: An fMRI Study,” Neurol-
ogy 63 (2004): 1409-1416, https://doi.org/10.1212/01.wnl.0000141853.
27081.bd.

90f9

5US01 SUOWILLIOD SAIIERID) 3|ed1dde 3y} AQ PouIBA0B 212 SO WO ‘38N J0 S9N 10} AIRIGIT SUIIUO ABIM UO (SUO1IPUCO-PUE-SWLBILIC" A3 AIRIGIRUIIUO//SANY) SUONIPUOD PUE SWB 1 341 39S *[5202/60/T0] U0 A1 8UIIUO AB1IM 'B5eSO JO AISAIN aY L AQ 28002 BASH/TTTT'0T/10p/LIco 8| Akeiq 1 pUI|uo//:SdIY W0 POpeojumoq ‘S 'S202 ‘TOE86LYT


https://doi.org/10.1371/journal.pone.0161092
https://doi.org/10.1371/journal.pone.0161092
https://doi.org/10.1212/WNL.0000000000009323
https://doi.org/10.1186/s13195-022-01080-x
https://doi.org/10.1016/j.archger.2008.10.001
https://doi.org/10.1016/j.archger.2008.10.001
https://doi.org/10.3389/fpsyt.2021.753864
https://doi.org/10.3389/fpsyt.2021.753864
https://doi.org/10.1212/WNL.0000000000004058
https://doi.org/10.1212/WNL.0000000000004058
https://doi.org/10.1097/00001756-199906230-00020
https://doi.org/10.1097/00001756-199906230-00020
https://doi.org/10.1016/j.pscychresns.2005.04.002
https://doi.org/10.1159/000132084
https://doi.org/10.1159/000132084
https://doi.org/10.4088/JCP.17m11623
https://doi.org/10.1136/jnnp.63.1.120
https://doi.org/10.1136/jnnp.63.1.120
https://doi.org/10.1007/s00415-002-0908-9
https://doi.org/10.4172/Neuropsychiatry.1000202
https://doi.org/10.4172/Neuropsychiatry.1000202
https://doi.org/10.1111/psyg.12407
https://doi.org/10.3389/fpsyt.2022.1051067
https://doi.org/10.1111/j.1365-2796.2004.01388.x
https://doi.org/10.1111/j.1365-2796.2004.01388.x
https://doi.org/10.1212/wnl.43.11.2412-a
https://doi.org/10.1212/wnl.43.11.2412-a
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1002/ana.23557
https://doi.org/10.1002/ana.23557
https://doi.org/10.1212/wnl.48.5_suppl_6.10s
https://doi.org/10.1016/j.jns.2017.01.014
https://doi.org/10.1002/gps.389
https://doi.org/10.1002/mds.23835
https://doi.org/10.1002/mds.23835
https://doi.org/10.1016/j.jns.2014.10.014
https://doi.org/10.1016/j.jns.2014.10.014
https://doi.org/10.1007/pl00007822
https://doi.org/10.1007/pl00007822
https://doi.org/10.1016/j.psychres.2018.12.052
https://doi.org/10.1038/nrn2787
https://doi.org/10.1038/nrn2787
https://doi.org/10.1007/BF00407835
https://doi.org/10.1007/s00415-015-7687-6
https://doi.org/10.1093/brain/60.4.389
https://doi.org/10.1093/brain/awx270
https://doi.org/10.1113/JP275243
https://doi.org/10.1212/01.wnl.0000141853.27081.bd
https://doi.org/10.1212/01.wnl.0000141853.27081.bd

	Clinical and Neuroimaging Features of Tactile Hallucinations in Patients With Dementia With Lewy Bodies: A Cross-Sectional Study
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Study Design
	2.2   |   Participants
	2.3   |   Assessment of Clinical Features
	2.4   |   MRI Acquisition and Preprocessing
	2.5   |   SPECT Imaging Acquisition

	3   |   Statistical Analyses
	4   |   Results
	4.1   |   Clinical Characteristics
	4.2   |   Neuroimaging Analysis

	5   |   Discussion
	Acknowledgements
	Ethics Statement
	Consent
	Conflicts of Interest
	Data Availability Statement
	References


