Tisserand et al. Alzheimer's Research & Therapy (2024) 16:85 Alzheimer's Research &
https://doi.org/10.1186/513195-024-01447-2 Thera py

Who am [ with my Lewy bodies? The insula as 2
a core region of the self-concept networks

Alice Tisserand'?", Frédéric Blanc'?, Mary Mondino', Candice Muller?, Héléne Durand?, Catherine Demuynck?,
Paulo Loureiro de Sousa', Alix Ravier?, Léa Sanna?, Anne Botzung? and Nathalie Philippi'

Abstract

Background Dementia with Lewy bodies (DLB) is characterized by insular atrophy, which occurs at the early
stage of the disease. Damage to the insula has been associated with disorders reflecting impairments of the most
fundamental components of the self, such as anosognosia, which is a frequently reported symptom in patients
with Lewy bodies (LB). The purpose of this study was to investigate modifications of the self-concept (SC), another
component of the self, and to identify neuroanatomical correlates, in prodromal to mild DLB.

Methods Twenty patients with prodromal to mild DLB were selected to participate in this exploratory study along
with 20 healthy control subjects matched in terms of age, gender, and level of education. The Twenty Statements Test
(TST) was used to assess the SC. Behavioral performances were compared between LB patients and control subjects.
Three-dimensional magnetic resonance images (MRI) were acquired for all participants and correlational analyses
were performed using voxel-based morphometry (VBM) in whole brain and using a mask for the insula.

Results The behavioral results on the TST showed significantly impaired performances in LB patients in comparison
with control subjects (p <.0001). Correlational analyses using VBM revealed positive correlations between the TST and
grey matter volume within insular cortex, right supplementary motor area, bilateral inferior temporal gyri, right inferior
frontal gyrus, and left lingual gyrus, using a threshold of p=.001 uncorrected, including total intracranial volume (TIV),
age, and MMSE as nuisance covariates. Additionally, correlational analysis using a mask for the insula revealed positive
correlation with grey matter volume within bilateral insular cortex, using a threshold of p=.005.

Conclusions The behavioral results confirm the existence of SC impairments in LB patients from the prodromal
stage of the disease, compared to matched healthy controls. As we expected, VBM analyses revealed involvement
of the insula, among that of other brain regions, already known to be involved in other self-components. While this
study is exploratory, our findings provide important insights regarding the involvement of the insula within the self,
confirming the insula as a core region of the self-networks, including for high-order self-representations such as the
SC.
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Introduction

Dementia with Lewy bodies (DLB) is the second most
common form of cognitive neurodegenerative disease
after Alzheimer’s disease (AD), with prevalence rates of
up to 5% in the elderly population and up to around 20%
of all cases of dementia [1, 2]. While visual hallucinations
are frequently present in patients with Lewy bodies (LB),
other behavioral disturbances such as anosognosia also
frequently occur (Calil et al., 2021) and could be related
to an alteration of the self-consciousness. DLB is charac-
terized by insular atrophy, occurring from the early stage
of the disease [3—6], the insula being a core region for the
self [7].

The insula is indeed involved in a wide variety of pro-
cesses related to the self, from the most internal bodily
states, such as interoception [8, 9] to high-order pro-
cesses such as knowledge about oneself [10], that belong
to the self-concept (SC). The SC encompasses different
types of self-knowledge, such as attributes, traits, beliefs,
values, social status, roles, physical characteristics or
even personal preferences [11, 12]. It is made up of a body
of autobiographical knowledge and refers to the way we
internally represent who we are, determining what sort of
person we are. The SC is closely linked to autobiographi-
cal memory, and particularly to its semanticized form,
which contributes to the formation and maintenance of
mental representation of the self in the present moment
and across time [13—-20]. Thus, behavioral and neuroim-
aging studies are increasingly addressing tasks related to
the SC, through methods exploring personal identity. In
a study investigating reflective self-referential processes,
healthy subjects were asked to think intensely on how
they would describe their own personality traits and
physical appearance. Self-referential conditions (person-
ality traits and physical appearance) induced activation in
various cortical midline structures (CMS), including the
medial prefrontal cortex (MPFC), the anterior cingulate
cortex, the supplementary motor area (SMA), and the
precuneus, when compared to non-self-referential con-
ditions (i.e., thoughts about a famous person, the Danish
Queen) [21]. Another study explored brain activity whilst
subjects were reflecting upon their own personal quali-
ties as compared to those of an acquaintance. For both
conditions, researchers found activations in the ACC,
MPFC, SMA, and superior temporal gyrus, with signifi-
cantly greater activations in the self condition. Interest-
ingly, the insula showed unique activity associated with
self-reflection, highlighting a key role for the insula in
self-referential processes [10].

Hence, the aim of the present study was to better
understand the impact of neurodegeneration on the SC
in patients with prodromal to mild DLB, and to explore
the underlying structural mechanisms, with a particular
focus on the link between SC and the insula. Regarding
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this relationship, our team has previously highlighted the
existence of modifications of the SC in LB patients from
the prodromal stage, in an experiment on personal tastes.
By means of a questionnaire, we demonstrated that LB
patients presented significant changes in tastes in both
food and non-food domains, independently of the exis-
tence of anosmia or agueusia. Moreover, we found that
these changes were associated with grey matter atrophy
in the insula [22], suggesting a role for the insula in sup-
porting personal tastes as self-concepts. Based on the fact
that the insula is a key region for the self and given that
this region is atrophied at an early stage in LB patients,
we posit that impairments of the SC would be observed
in LB patients, and would be correlated to insular atro-
phy, among other regions involved in self-concept.

Methods

Study population

Twenty prodromal to mild DLB patients and 20 healthy
control subjects matched for age, gender and level of
education (with a minimum of 9 years) were enrolled in
the present study between January 2021 and February
2023. A description of the study population is presented
in Table 1. Patients were recruited from the tertiary
memory clinic of Strasbourg University Hospital, France,
including the Geriatrics and Neurology Departments.
Control subjects were recruited among friends and rela-
tives of the patients, via the listing of controls of the local
clinical investigation center and from the control group
of the AlphalewyMA cohort (http://clinicaltrials.gov/
ct2/show/NCTO01876459).

The LB group comprised 14 men and 6 women aged
from 60 to 80 years (mean=71.95, standard devia-
tion [SD]=7.99). Diagnosis of prodromal and mild DLB
patients was based on core clinical features [23, 24].
Some of the patients had also benefited from biomarkers
during their clinical follow-up. Indeed a dopamine trans-
porter SPECT (DAT) scan was realized when parkinson-
ism was doubtful, and cerebrospinal fluid (CSF) analysis
was realized when an amnestic syndrome of hippocampal
type suggested a possible Alzheimer’s disease, to ensure
that there was no co-pathology. Patients with prodromal
DLB were defined as having mild cognitive impairment if
they had a Mini-Mental State Examination (MMSE) [25]
score>26, had preservation of independence as assessed
by the Instrumental Activities of Daily Living [26], and
fulfilled both the DSM-5 criteria of mild neurocognitive
disorder [27] and McKeith’s criteria for the diagnosis of
prodromal DLB [23]. Patients were defined as having
mild DLB if they had an MMSE score between 20 and 25
and were diagnosed as having probable DLB according to
the current DLB criteria [24]. Thus, 13 of the 20 patients
were in the prodromal stage of DLB and the remaining
seven were in the mild stage of the disease. Dopamine
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transporter SPECT (DAT) scan was available to support
the diagnosis in approximately a quarter of the patients.
CSF analysis was available to confirm that there was not
associated Alzheimer’s disease in approximately half
of the patients. All participants benefited from a classic
medical examination, which notably included evaluation
of the features of parkinsonism using the Unified Par-
kinson’s Disease Rating Scale (part 3): akinesia, rigidity,
and tremor at rest (rated from 0 for no symptoms to 4
for serious symptoms). The LB group underwent further
clinical examination of DLB core criteria, among which
fluctuations were assessed with the Mayo Clinic Fluctua-
tions scale [28] and the Newcastle upon Tyne Clinician
Assessment of Fluctuation scale [29]. The Parkinson’s
disease-associated psychotic symptoms questionnaire
[30] was used to evaluate the presence of hallucinations.
Rapid eye movement sleep behavior disorder (RBD)
was evaluated using a sleep questionnaire on RBD [31],
simplified into four questions each for the patient and
the caregiver: one concerning movements during sleep,
the second concerning vivid dreams and nightmares.
Among the 20 LB patients, 85% presented fluctuations,
60% presented hallucinations or illusions, and 60% pre-
sented RBD. Concerning parkinsonism features, akinesia
was observed in 80% of LB patients, rigidity in 70% of LB
patients, and tremor at rest in only one patient (5%) (see
Table 1).

Participants with history of alcohol/substance abuse,
significant visual or auditory disabilities, relevant neu-
rological of psychiatric comorbidities, or the presence
of other severe or unstable medical illnesses were not

Table 1 Demographic and clinical characteristics of the LB
group and the control group

Characteristic LB group Control Student’s t
(n=20) group test or chi-
(n=20) squared test
Age (years) 719(79)  712(76) t=028,p=.778
Years of education 12.2(2.2) 148 (4.1) t=-254,p<.05
Sex, M/F 14/6 12/8 x2=0.44,
p=.507
MMSE score (/30) 263239 288(10) t=-432
p<.001
Handedness, R/L 19/1 20/0 ¥2=1.03,p=
311
Fluctuations (%) 17/20 (85) N/A
Hallucinations/illusions 12/20 (60) N/A
RBD 12/20 (60) N/A
Parkinsonism
Akinesia (%) 16/20 (80) N/A
Rigidity (9) 14/20 (70)  N/A
Tremor at rest (%) 1/20 (5) N/A

LB Lewy bodies, M male, F female, MMSE Mini-Mental State Examination, R right,
L left, RBD rapid eye movement sleep behavior disorder, N/A not applicable

Standard deviations for age and years of education are shown in parentheses.
Significant p and x2 values are in italics
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enrolled in the study. Participants with an abnormal
neurological examination — except for parkinsonism in
the case of patients —, depression symptoms (mini-GDS
[32]), , or a significant cerebral vascular burden (Modi-
fied Hachinski Ischemic Score scale>7 [33]), were not
enrolled. Participants with CSF biomarkers in favor of
an Alzheimer’s disease (i.e. abnormal AB42/AB40 ratio,
t-Tau, phospho-Taul81) were not enrolled. Finally, par-
ticipants with claustrophobia or contraindications to
MRI were not enrolled. All participants provided written
informed consent for the study, in accordance with the
Declaration of Helsinki, and the study was approved by
the local Ethics committee (Sud Méditerranée III).

Behavioral study

All participants underwent an evaluation of the SC. We
also assessed general cognitive functioning and verbal
fluency in LB patients.

General cognitive functioning
General cognitive functioning was assessed with the
MMSE, and the maximum score was 30 points.

Verbal fluency

Verbal fluency was assessed with a task in which patients
had two min to generate as many words as they could
beginning with the letter P. Proper nouns and variations
on words (e.g., “photograph” and “photography”) were
not allowed. The score was the number of correctly gen-
erated words.

Twenty statements test

The assessment of the SC was performed with the
Twenty Statements Test (TST; [34]). The TST requires
the subjects to make up to 20 statements in response
to the question “Who am I?” They were asked to write
down each of the statements by completing the sentence
“I am...”” To avoid any potential limitations due to impair-
ment in generative strategies, cues indicating different
possible categories of responses among five domains of
identity (i.e., personal, family, social, moral, and physical)
were given to the two groups of participants, as well as
examples for each possible category of response. Instruc-
tions and cues were written down on the response sheet
and an oral administration of the test was used for DLB
patients in order to facilitate responses. For the purposes
of this study, we only considered the number of responses
provided by the participant, regardless of the category.
Repeated responses and responses that did not answer
the question of interest were not considered.

Statistical analyses for the behavioural study
Student’s ¢ test was used to compare intergroup differ-
ences between LB patients and control subjects for both
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demographic and behavioral quantitative data. For the
behavioral data, a one-tailed ¢ test was used, since we
hypothesized that LB patients would have lower scores
than control subjects due to impairment of the SC. We
also analyzed correlations using Pearson’s test, between
the TST and MMSE scores, and between the TST and
verbal fluency scores.

A chi-squared test was used to compare the sex ratio
between groups. A threshold of p<.05 was used to deter-
mine statistical significance.

Neuroimaging study

Each participant underwent a high-resolution anatomi-
cal MRI scan within a maximum of 12 weeks after tak-
ing the TST. T1-weighted three-dimensional anatomical
images were obtained using a 3T MRI scanner (Verio
32-channel Tim Siemens scanner; Siemens, Erlan-
gen, Germany) using a volumetric magnetization-pre-
pared rapid acquisition with gradient-echo (MPRAGE)
sequence (FOV=256%256 mm, image matrix=256x256,
slice thickness=1 mm, repetition time=1900 ms, echo
time=2.52 ms, flip angle=9°).

Voxel-based morphometry analyses

We used voxel-based morphometry (VBM) to investigate
differences in grey matter volume between the healthy
controls and the LB patients, and to examine the neu-
roanatomical correlates of the SC in both the healthy
controls and LB patients. VBM analyses included image
preprocessing and statistical analyses. These steps were
carried out using the SPM12 software package (Well-
come Department of Imaging Neuroscience, London;
http://www.fil.ion.ucl.ac.uk/) running on Matlab R2017b
(MathWorks, Natick, MA, USA). Anatomical MRI
images were spatially preprocessed using standard proce-
dures [35]. All T1-weighted structural images were first
segmented, bias-corrected, and spatially normalized to
the Montreal Neurological Institute space using an exten-
sion of the unified segmentation procedure that includes
six classes of tissue [36]. The DARTEL registration tool-
box was then used to build a study-specific template and
to bring into alignment all of the segmentation images.
The VBM analysis was done on modulated grey matter
(GM) images; that is, the GM value in each voxel was
multiplied by the Jacobian determinant derived from the
spatial normalization. This procedure preserves the total
amount of GM from the original images. These modu-
lated GM images were smoothed with a Gaussian kernel
(full width at half maximum [FWHM]: 8 mm). Between-
group voxel-based comparisons were displayed after cor-
recting for multiple comparisons with false discovery rate
(FDR; p<.05). To map the regions of atrophy related to
disorders of the SC, we tested the correlation between
the GM volume at a voxel level and the total score on the
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TST using the general linear model. Correlation analysis
between behavioral data and GM volume was performed
using a threshold of p=.001 uncorrected, including total
intracranial volume (TIV) and age as nuisance covari-
ates. MMSE was also considered as an additional covari-
ate to investigate the potential impact of disease severity.
A cluster spatial extent of 50 voxels was used to avoid
irrelevant and isolated detections. The software Xjview
(http://www.alivelearn.net/xjview8/) allowed us to char-
acterize each cluster.

Moreover, to ensure that finding the insula was not a
spurious result, when considering the number of covari-
ates and that we did not use correction for multiple com-
parison, we completed the VBM analyses in whole brain,
with a VBM analysis using a mask for the insula. The GM
images were smoothed at 4 mm to increase specificity in
order to discriminate true effect from random noise. We
used a threshold of p <.005, including the same covariates
as for the whole brain analyses.

Results

Behavioral study

The behavioral results indicated that the LB group had
significantly decreased performances for the total score
on the TST compared to the healthy controls (mean 9.7,
SD 4.5 vs. 19.05, SD 3.36, t=7.38, p<.0001). We com-
pleted correlational analyses in the LB group by exam-
ining correlations between the TST and MMSE scores,
which revealed significant correlations (r=.49, p<.05).
We also analyzed correlations between the TST and ver-
bal fluency scores, which showed significant correlations
(r=.55, p<.05).

Neuroimaging study

Voxel-based analysis comparing grey matter volume
in LB patients versus healthy controls is presented in
supplementary material. Analysis included TIV and age
as nuisance covariates, and revealed patterns of cere-
bral atrophy typically reported in LB patients [4], with
grey matter volume in insular, temporal, occipital, fron-
tal, cingular cortices and to a lesser extent parietal cor-
tex (p<.05, FDR corrected), in LB patients compared to
healthy controls.

In the LB group, correlational analysis for the SC
revealed positive correlations with GM volume within
right insular cortex (see Fig. 1), right SMA (see Fig. 2),
right inferior frontal gyrus, left lingual gyrus and bilat-
eral inferior temporal gyri (see Fig. 3), using a threshold
of p=.001 uncorrected, including TIV, age, and MMSE
as nuisance covariates, with a minimum cluster size of
k=50 (Table 2). Correlational analysis for the SC, using a
mask for the insula revealed positive correlation with GM
volume within bilateral insular cortex (see Fig. 4), using a
threshold of p=.005 uncorrected, including TIV, age, and
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Fig. 1 VBM analyses for self-concept in the Lewy bodies group.Grey matter volumes within right insular cortex positively correlated with the total score
on the TST questionnaire (self-concept), using a threshold of p=.001 uncorrected, including age, TIV.and MMSE score as nuisance covariates, k=50

Fig.2 VBM analyses for self-concept in the Lewy bodies group.Grey matter volumes within right supplementary motor area positively correlated with the
total score on the TST questionnaire, using a threshold of p=.001 uncorrected, including age, TIV, and MMSE score as nuisance covariates, k=50

MMSE as nuisance covariates. The correlational analyses
did not reveal any correlation in the healthy controls.

Discussion

This study is the first to examine SC in LB patients by
using a standardized measure. In summary, the find-
ings indicate the existence of significant impairments
of the SC in LB patients from the early stage of the
disease, compared to age-matched healthy controls.
Concordant with our hypothesis, imaging analyses con-
firmed the involvement of insular cortex atrophy in SC
impairments, among other brain regions such as the
SMA. These results bring new insight into the role of
the insular cortex in the conception of oneself, among
other brain regions more widely associated with classic
self-networks.

We focused in particular on the role of the insula in
the SC, with the hypothesis that insular atrophy could
explain alterations of the self in LB patients. The insu-
lar cortex is commonly associated with interoceptive
awareness [37] and socio-emotional processes [9]. It
has also been associated with self-reflection upon per-
sonal qualities [10] and with self-esteem, two abilities
that are related to the SC [38]. Regarding LB patients,
our study is the first to highlight a diminished SC in rela-
tion to the insular atrophy that occurs early in the course

of the disease [3—6]. SC impairments have already been
linked to the atrophy of this structure in DLB, regard-
ing modifications of personal tastes [22]. However, from
the perspective of cognitive models of the self, personal
preferences also imply the subjective sense of self, since
liking or disliking an object is inherent to the subject in
the present moment. In our study, to measure the SC in
isolation from the subjective sense of self, we asked the
participants to simply answer the question “who am 1?7
which refers to the overall representation of oneself. In
the present study, we found that both the posterior and
anterior part of the insular cortex are involved in SC. The
insular cortex is known to be topographically organized
with a degree of complexity increasing along a posterior-
anterior axis [8]. Whereas the posterior insular cortex is
reported to be involved in processing a variety of bodily
sensations and also in higher order somatosensory func-
tion, such as the subjective sense of body ownership and
agency [39-42], the anterior insular cortex contains the
representations of bodily reactions in response to affec-
tive feeling states (i.e., somatic markers) [43], sustains
visual self-recognition [44, 45], and is involved in meta-
cognitive processes [46]. Considering the involvement of
the posterior insular cortex, our results suggest that this
region supports conceptual aspects of the self, in addi-
tion to the most elementary aspects of subjective sense
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Fig. 3 VBM analyses for self-concept in the Lewy bodies group. Grey matter volumes within right insular cortex, right SMA, bilateral inferior temporal gyri,
and left lingual gyrus positively correlated with the total score on the TST questionnaire, using a threshold of p=.001 uncorrected, including age, TIV, and

MMSE score as nuisance covariates, k=50

Table 2 VBM results for the total score on the Twenty Statements Test in the Lewy bodies group

VBM Side BA k X y z T
Posterior insula R 13/21/22 91/333 45 -4.5 -6 3.92
Anterior insula R 47 35/64 39 19.5 -12 43
Supplementary motor area R 6 506/599 3 -3 58.5 643
Fusiform gyrus R 37 133/185 48 -45 -22.5 4.7
Inferior frontal gyrus R 47 64/64 40.5 18 -16.5 4.29
Lingual gyrus L 18 155/160 -7.5 -81 -13.5 4.55
Inferior temporal gyrus L 37 107/207 -43.5 -64.5 -3 392

L left, Rright, BA Brodmann area, k cluster size in voxels (specific region’s volume/cluster’s global volume), x, y, z Talairach coordinates, T T-value

of self. One could hypothesize that the alteration of the
subjective sense of self could lead to impairments of the
other high order self-components such as SC, through
a global collapse of the self. We posit that such damage
could disrupt the feeling of what belongs to the self or to
the non-self, thus making difficult the access to specific
knowledge about the self. Nevertheless, since we did not

focus on the subjective sense of self in the present work,
our study does not confirm this hypothesis. However, it is
concordant with the fact that hypoperfusion in the insula
has been associated with Capgras syndrome in DLB [47],
which consists of the loss of familiarity toward relatives,
who are logically integrated by extension in one’s self.
Concerning the anterior insular cortex, based on its role
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Fig. 4 VBM analyses for self-concept in Lewy bodies group, using a mask for the insula.Grey matter volumes within bilateral insular cortex, using a thresh-
old of p=.005 uncorrected, including age, TIV, and MMSE score as nuisance covariates

in self representations [10, 22, 38] and its involvement
in metacognition [48], it appears as a main region in the
conceptualization of the self. Thus, dysfunction of the
anterior insular cortex could disturb the conception we
have built of who we are and therefore reduce the ability
to answer the question “who am I ?”.

Our second main finding concerns the relationship
between CMS and the SC. In line with previous stud-
ies [49-51], we found that self-referential processes
are associated with medial cortical regions, notably the
right SMA. The SMA is not classically associated with
the CMS as described by Georg Northoff. This area is
responsible for planning of complex movements [52] and
would sustain the sense of agency [53]. The SMA is well
known to entail mirror neurons [54], described in the
context of social cognition, rather than in self-cognition.
Indeed, mirror neurons are visuomotor neurons dis-
charging when we are executing a motor act or when we
observe someone executing a similar motor act [55, 56].
Based on similar mechanisms, the mirror neuron system
fires for feelings, such as empathy [57], and is consid-
ered to underlie theory of mind [58], which is the ability
to infer and reason about another person’s mental states
[59]. Theory of mind would be based on areas involved in
the self brain network, such as the MPFC and the precu-
neus, and could be supported by representations of the
self [60, 61]. Yet, the self-component associated with the
SMA would rather pertain to the domain of the subjec-
tive sense of self, notably the sense of agency (e.g., when
initiating a movement), whereas our study focuses on
the conceptual representations of the self. From the per-
spective of embodied cognition, we can hypothesize that
such a region able to simulate our motricity could also
support high-order representations of the physical self,
actually pertaining to the SC. These findings illustrate the
concept of embodied cognition, as described by Binder
and Desai for general semantic memory [62]. Indeed, the
authors demonstrated that modality-specific systems are
recruited when integrating supramodal representations,

depending on the categories of representation (e.g. action
words referring to face, arm, or leg activate frontocen-
tral motor areas according to a somatotopic organization
[63]). Concordant with this hypothesis, it has been dem-
onstrated that mirror-neuron areas are engaged in tasks
of self-face recognition [64] and would enable physical
other-to-self mapping [65]. Thus, these specific neurons
could play a major role in identification and representa-
tion of the physical self, which is part of the SC.

Aside from the involvement of insula and CMS, we
also found correlations between impairments of the SC
and diminished grey matter volume in bilateral inferior
temporal gyri — including right fusiform gyrus —, left
lingual gyrus and right inferior frontal gyrus. Interest-
ingly, it has been proposed that the inferior temporal
gyri, notably the anterior part, might play a key role in
semantic memory [66]. In our study, we found correla-
tions in the posterior part, in LB patients, which could be
associated with the personal aspects of semantic knowl-
edge. More specifically, the right fusiform gyrus is known
to be specialized in face perception [67, 68]. Addition-
ally, Kircher et al. found involvement of the left fusiform
gyrus in personality-traits describing the self and percep-
tion of own face [45], suggesting a strong involvement
of this region in self-processing. Regarding the lingual
gyrus, it is a region essential for visual perception [69]
and visual memory [70]. Likewise, the lingual gyrus plays
a central role in divergent thinking [71], which refers to
the processes allowing one to generate creative ideas by
exploring different possibilities. We could speculate that
divergent thinking is involved in the creation of oneself
prototype. Interestingly, we found diminished grey mat-
ter volume in the right inferior frontal gyrus, which has
been related to verbal fluency [72]. Yet, the TST score
and verbal fluency were positively correlated in our study
and could reflect research strategies in memory. Another
ability that is necessary to describe one’s own SC is intro-
spection, which has been associated with inferior fron-
tal gyrus by means of multiband functional MRI during
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structured real-time conversations, in which the partici-
pant verbalized introspected thought and feeling [73].
Impairments in self-introspection could explain a poorer
SC, and even be linked to impairments in introspection
of consciousness, related to anosognosia. Indeed, intro-
spection is closely linked to metacognition which is part
of the subjective sense of self [18]. Subjective sense of self
and SC are two interrelated concepts and distinguishing
between them represents a real experimental challenge.

Overall, our study has some limitations. First, the sam-
ple sizes were relatively small (N=20 in each group) with
a high number of covariates and the results for the VBM
analyses were uncorrected. These preliminary results
should therefore be interpreted carefully and be con-
firmed with additional studies, involving a larger cohort
of DLB patients. Moreover, comparing the SC across dif-
ferent clinical populations (e.g. fronto-temporal lobar
degeneration, AD) at the same stage would highlight
the impact of different neurodegenerative processes on
the SC. Second, it would have been useful to assess and
integrate other components of the self, such as subjective
sense of self and autobiographical semantic memory, as
additional covariates, in order to better isolate the SC.
Therefore, our future work aims to investigate the rela-
tionship between the subjective sense of self, the SC, and
autobiographical memory in both DLB and AD, with
a special focus on the insula’s role within the different
components.

Conclusions

Our work on the SC in DLB has both clinical and theo-
retical interest. First, it is the first study to demonstrate
the existence of SC impairments in LB patients. Concor-
dant with our hypothesis, these difficulties are related to
insular atrophy, which occurs early in the course of the
disease. Moreover, our study confirms the involvement of
the SMA in the self, and notably suggest a role for mirror
neurons. Finally, we found that bilateral inferior tempo-
ral gyri, right inferior frontal gyrus and left lingual gyrus
also play a role in the SC. This finding brings new insights
regarding the implication of the insula in the different
aspects of the self. Our results show that the SC relies on
the insula and other brain regions involved in the other
components of the self, such as the subjective sense of
self. These findings suggest that conceptual representa-
tions of the self could arise from the primary phenom-
enological levels.
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CSF Cerebrospinal fluid

MMSE  Mini-Mental State Examination

RBD Rapid eye movement sleep behavior disorder
TST Twenty Statements Test

VBM Voxel-based morphometry

GM Grey matter

FDR False discovery rate

TV Total intracranial volume

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/513195-024-01447-2.

[ Supplementary Material 1 J

Acknowledgements

The authors are grateful for financial support provided by the Association
France Alzheimer et Maladies Apparentées, the Association Vaincre Alzheimer
and the Strasbourg University Foundation. We are also indebted to the
Clinical Investigation Center of Strasbourg for its support in the recruitment of
participants. We warmly thank all the patients, the controls, and their relatives
for participating in this study. We also thank Nick Barton for language editing.

Author contributions

Study conception and design (N.P, F.B, AT) and study coordination (N.P,

FB. AT, AB.); acquisition of clinical data (AT, N.P, FB, CM, HD, CD, AR);
acquisition of MRI data (AT, P. L. S.); extraction of clinical data (L.S.); manuscript
preparation (AT, N.P); critical revision of the manuscript (N.P, F.B.); imaging
and statistical analysis (AT, M.M.). All authors reviewed and approved the final
manuscript.

Funding
Association France Alzheimer et Maladie Apparentées, Association Vaincre
Alzheimer, Strasbourg University Foundation.

Data availability
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate

The local ethics committee approved the study protocol ("Comité de
Protection des Personnes Sud Méditerranée III”; approval number 2020-
A02475-34). All participants provided written informed consent.

Consent for publication
Not applicable.

Received: 4 July 2023 / Accepted: 1 April 2024
Published online: 19 April 2024

References

1. McKeith IG, Dickson DW, Lowe J, Emre M, O'Brien JT, Feldman H, et al. Diag-
nosis and management of dementia with Lewy bodies: third report of the
DLB consortium. Neurology. 2005,65:1863-72. https://doi.org/10.1212/01.
wnl.0000187889.17253.b1.

2. ZaccaiJ,McCracken C, Brayne C. A systematic review of prevalence and
incidence studies of dementia with Lewy bodies. Age Ageing. 2005;34:561-6.
https://doi.org/10.1093/ageing/afi190.


https://doi.org/10.1186/s13195-024-01447-2
https://doi.org/10.1186/s13195-024-01447-2
https://doi.org/10.1212/01.wnl.0000187889.17253.b1
https://doi.org/10.1212/01.wnl.0000187889.17253.b1
https://doi.org/10.1093/ageing/afi190

Tisserand et al. Alzheimer's Research & Therapy

20.

21

22.

23.

24,

25,

(2024) 16:85

Blanc F, Noblet V, Philippi N, Cretin B, Foucher J, Armspach J-P, et al. Right
anterior insula: Core Region of Hallucinations in Cognitive Neurodegenera-
tive diseases. PLoS ONE. 2014,9:e114774. https://doi.org/10.1371/journal.
pone.0114774.

Blanc F, Colloby SJ, Philippi N, de Pétigny X, Jung B, Demuynck C, et al. Corti-
cal thickness in dementia with Lewy Bodies and Alzheimer’s Disease: a com-
parison of Prodromal and Dementia stages. PLoS ONE. 2015;10:¢0127396.
https://doi.org/10.1371/journal.pone.0127396.

Blanc F, Colloby SJ, Cretin B, de Sousa PL, Demuynck C, O'Brien JT, et al.

Grey matter atrophy in prodromal stage of dementia with Lewy bodies and
Alzheimer's disease. Alzheimers Res Ther. 2016;8:31. https://doi.org/10.1186/
$13195-016-0198-6.

Roquet D, Noblet V, Anthony P, Philippi N, Demuynck C, Cretin B, et al.
Insular atrophy at the prodromal stage of dementia with Lewy bod-

ies: a VBM DARTEL study. Sci Rep. 2017,7:9437. https://doi.org/10.1038/
s41598-017-08667-7.

Tisserand A, Philippi N, Botzung A, Blanc F, Me. Myself and my insula: an
Oasis in the forefront of self-consciousness. Biology. 2023;12:599. https://doi.
0rg/10.3390/biology12040599.

Craig AD. How do you feel-now? The anterior insula and human awareness.
Nat Rev Neurosci. 2009;10:59-70. https://doi.org/10.1038/nrn2555.

Damasio A. Feelings of emotion and the self. Ann N Acad Sci. 2003;1001:253-
61. https://doi.org/10.1196/annals.1279.014.

Modinos G, Ormel J, Aleman A. Activation of anterior insula during self-reflec-
tion. PLoS ONE. 2009;4:4618. https://doi.org/10.1371/journal.pone.0004618.
Carver CS. Self-awareness. In: Leary MR, Tangney JP, editors. Handb. Self
Identity. New-York, NY: Guilford Press; 2012.

Morin A, Everett J. Inner speech as a mediator of self-awareness, self-
consciousness, and self-knowledge: an hypothesis. New Ideas Psychol.
1990,8:337-56.

Addis DR, McIntosh AR, Moscovitch M, Crawley AP, McAndrews MP. Charac-
terizing spatial and temporal features of autobiographical memory retrieval
networks: a partial least squares approach. Neurolmage. 2004;23:1460-71.
https://doi.org/10.1016/j.neuroimage.2004.08.007.

Addis DR, Tippett LJ. The contributions of autobiographical memory to the
content and continuity of self: a social-cognitive neuro-science approach. In:
Fabio S, editor. Self-Contin. Individ. Collect. Perspect. New-York, NY: Psychol-
0gy; 2008. pp. 71-84.

Conway MA, Singer JA, Tagini A. The self and autobiographical memory: cor-
respondence and coherence. Soc Cogn. 2004;22:491-529.

Kihlstrom JF, Beer JS, Klein SB. Self and identity as memory. In: Leary MR,
Tangney JP, editors. Handb. Self Identity. New-York, NY: Guilford Press; 2003.
pp. 68-90.

Klein SB, Loftus J. The mental representation of trait and autobiographical
knowledge about the self. In: Srull TK, Wyer RS, editors. Adv. Soc. Cogn., vol. 5,
Hillsdale, NJ: Erlbaum; 1993.

Prebble SC, Addis DR, Tippett LJ. Autobiographical memory and sense of self.
Psychol Bull. 2013;139:815-40. https://doi.org/10.1037/a0030146.

Rathbone CJ, Moulin CJ, Conway MA. Self-centered memories: the remi-
niscence bump and the self. Mem Cogn. 2008;36:1403-14. https://doi.
0rg/10.3758/MC.36.8.1403.

Wilson AE, Ross M. The identity function of autobiographical memory: time is
on our side. Memory. 2003;11:137-49. https://doi.org/10.1080/741938210.
Kjaer TW, Nowak M, Lou HC. Reflective self-awareness and Conscious States:
PET evidence for a common midline Parietofrontal Core. Neurolmage.
2002;17:1080-6. https://doi.org/10.1006/nimg.2002.1230.

Philippi N, Noblet V, Hamdaoui M, Soulier D, Botzung A, Ehrhard E, et al.

The insula, a grey matter of tastes: a volumetric MRI study in dementia with
Lewy bodies. Alzheimers Res Ther. 2020;12:79. https://doi.org/10.1186/
$13195-020-00645-y.

McKeith IG, Ferman TJ, Thomas AJ, Blanc F, Boeve BF, Fujishiro H, et

al. Research criteria for the diagnosis of prodromal dementia with

Lewy bodies. Neurology. 2020;94:743-55. https://doi.org/10.1212/
WNL.0000000000009323.

McKeith IG, Boeve BF, Dickson DW, Halliday G, Taylor J-P, Weintraub D, et al.
Diagnosis and management of dementia with Lewy bodies: fourth consen-
sus report of the DLB Consortium. Neurology. 2017;89:88-100. https://doi.
0rg/10.1212/WNL.0000000000004058.

Folstein MF, Folstein SE, McHugh PR. Mini-mental state. J Psychiatr Res.
1975;12:189-98. https://doi.org/10.1016/0022-3956(75)90026-6.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

Page 9 of 10

Lawton MP, Brody EM. Assessment of Older people: self-maintaining and
instrumental activities of Daily Living. Gerontologist. 1969,9:179-86. https://
doi.org/10.1093/geront/9.3_Part_1.179.

American Psychiatric Association, American Psychiatric Association, editors.
Diagnostic and statistical manual of mental disorders: DSM-5. 5th ed. Wash-
ington, D.C: American Psychiatric Association; 2013.

Ferman TJ, Smith GE, Boeve BF, lvnik RJ, Petersen RC, Knopman D, et al. DLB
fluctuations: specific features that reliably differentiate DLB from AD and nor-
mal aging. Neurology. 2004;62:181-7. https://doi.org/10.1212/WNL.62.2.181.
Walker MP, Ayre GA, Cummings JL, Wesnes K, McKeith IG, O'Brien JT, et al. The
Clinician Assessment of fluctuation and the one day fluctuation Assessment
Scale: two methods to assess fluctuating confusion in dementia. Br J Psychia-
try. 2000;177:252-6. https://doi.org/10.1192/bjp.177.3.252.

Fénelon G, Soulas T, Zenasni F, de Langavant LC. The changing face of Parkin-
son’s disease-associated psychosis: a cross-sectional study based on the new
NINDS-NIMH criteria. Mov Disord. 2010;25:763-6. https://doi.org/10.1002/
mds.22839.

Gjerstad MD, Boeve B, Wentzel-Larsen T, Aarsland D, Larsen JP. Occurrence
and clinical correlates of REM sleep behaviour disorder in patients with
Parkinson’s disease over time. J Neurol Neurosurg Psychiatry. 2008,79:387-91.
https://doi.org/10.1136/jnnp.2007.116830.

Clément JP, Nassif RF, Léger JM, Marchan F. [Development and contribution
to the validation of a brief French version of the Yesavage Geriatric Depres-
sion Scale]. LEncephale. 1997;23:91-9.

Hachinski VC, Iliff LD, Zilhka E, Du Boulay GH, McAllister VL, Marshall J, et al.
Cerebral blood flow in dementia. Arch Neurol. 1975;32:632-7. https://doi.
0rg/10.1001/archneur.1975.00490510088009.

Kuhn MH, McPartland TS. An empirical investigation of self-attitudes. Am
Sociol Rev. 1954;19:68. https://doi.org/10.2307/2088175.

Good CD, Johnsrude IS, Ashburner J, Henson RNA, Friston KJ, Frackowiak RSJ.
A voxel-based morphometric study of Ageing in 465 normal adult human
brains. Neurolmage. 2001;14:21-36. https://doi.org/10.1006/nimg.2001.0786.
Ashburner J, Friston KJ. Unified segmentation. Neurolmage. 2005;26:839-51.
https://doi.org/10.1016/j.neuroimage.2005.02.018.

Craig AD. Interoception: the sense of the physiological condition of

the body. Curr Opin Neurobiol. 2003;13:500-5. https://doi.org/10.1016/
50959-4388(03)00090-4.

Eisenberger NI, Inagaki TK, Muscatell KA, Byrne Haltom KE, Leary MR.The
neural sociometer: brain mechanisms underlying state self-esteem. J Cogn
Neurosci. 2011;23:3448-55. https://doi.org/10.1162/jocn_a_00027.

Farrer C, Franck N, Georgieff N, Frith CD, Decety J, Jeannerod M. Modulating
the experience of agency: a positron emission tomography study. Neurolm-
age. 2003;18:324-33. https://doi.org/10.1016/51053-8119(02)00041-1.
Schulz SM. Neural correlates of heart-focused interoception: a functional
magnetic resonance imaging meta-analysis. Philos Trans R Soc Lond B Biol
Sci. 2016;371. https://doi.org/10.1098/rstb.2016.0018.

Stephan E, Pardo JV, Faris PL, Hartman BK, Kim SW, Ivanov EH, et al. Functional
neuroimaging of gastric distention. J Gastrointest Surg. 2003;7:740-9. https.//
doi.org/10.1016/51091-255x(03)00071-4.

Tsakiris M, Hesse MD, Boy C, Haggard P, Fink GR. Neural signatures of body
ownership: a sensory network for bodily self-consciousness. Cereb Cortex.
2007;17:2235-44. https://doi.org/10.1093/cercor/bhl131.

Damasio A. Descartes' error: emotion, reason, and the human brain. Putnam,
NY: G.P. Putnam; 1993.

Devue C, Collette F, Balteau E, Degueldre C, Luxen A, Maquet P, et al. Here |
am: the cortical correlates of visual self-recognition. Brain Res. 2007;1143:169—
82. https://doi.org/10.1016/.brainres.2007.01.055.

Kircher TT, Senior C, Phillips ML, Benson PJ, Bullmore ET, Brammer M, et al.
Towards a functional neuroanatomy of self processing: effects of faces and
words. Brain Res Cogn Brain Res. 2000;10:133-44. https://doi.org/10.1016/
50926-6410(00)00036-7.

Fleming SM, Dolan RJ. The neural basis of metacognitive ability. Philos Trans R
Soc B Biol Sci. 2012,367:1338-49. https://doi.org/10.1098/rstb.2011.0417.
Nagahama Y, Okina T, Suzuki N, Matsuda M. Neural correlates of psychotic
symptoms in dementia with Lewy bodies. Brain. 2010;133:557-67. https:.//
doi.org/10.1093/brain/awp295.

Sinanaj I, Cojan Y, Vuilleumier P. Inter-individual variability in metacognitive
ability for visuomotor performance and underlying brain structures. Con-
scious Cogn. 2015;36:327-37. https://doi.org/10.1016/j.concog.2015.07.012.
D’Argembeau A, Ruby P, Collette F, Degueldre C, Balteau E, Luxen A, et

al. Distinct regions of the medial prefrontal cortex are associated with


https://doi.org/10.1371/journal.pone.0114774
https://doi.org/10.1371/journal.pone.0114774
https://doi.org/10.1371/journal.pone.0127396
https://doi.org/10.1186/s13195-016-0198-6
https://doi.org/10.1186/s13195-016-0198-6
https://doi.org/10.1038/s41598-017-08667-7
https://doi.org/10.1038/s41598-017-08667-7
https://doi.org/10.3390/biology12040599
https://doi.org/10.3390/biology12040599
https://doi.org/10.1038/nrn2555
https://doi.org/10.1196/annals.1279.014
https://doi.org/10.1371/journal.pone.0004618
https://doi.org/10.1016/j.neuroimage.2004.08.007
https://doi.org/10.1037/a0030146
https://doi.org/10.3758/MC.36.8.1403
https://doi.org/10.3758/MC.36.8.1403
https://doi.org/10.1080/741938210
https://doi.org/10.1006/nimg.2002.1230
https://doi.org/10.1186/s13195-020-00645-y
https://doi.org/10.1186/s13195-020-00645-y
https://doi.org/10.1212/WNL.0000000000009323
https://doi.org/10.1212/WNL.0000000000009323
https://doi.org/10.1212/WNL.0000000000004058
https://doi.org/10.1212/WNL.0000000000004058
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1093/geront/9.3_Part_1.179
https://doi.org/10.1093/geront/9.3_Part_1.179
https://doi.org/10.1212/WNL.62.2.181
https://doi.org/10.1192/bjp.177.3.252
https://doi.org/10.1002/mds.22839
https://doi.org/10.1002/mds.22839
https://doi.org/10.1136/jnnp.2007.116830
https://doi.org/10.1001/archneur.1975.00490510088009
https://doi.org/10.1001/archneur.1975.00490510088009
https://doi.org/10.2307/2088175
https://doi.org/10.1006/nimg.2001.0786
https://doi.org/10.1016/j.neuroimage.2005.02.018
https://doi.org/10.1016/s0959-4388(03)00090-4
https://doi.org/10.1016/s0959-4388(03)00090-4
https://doi.org/10.1162/jocn_a_00027
https://doi.org/10.1016/S1053-8119(02)00041-1
https://doi.org/10.1098/rstb.2016.0018
https://doi.org/10.1016/s1091-255x(03)00071-4
https://doi.org/10.1016/s1091-255x(03)00071-4
https://doi.org/10.1093/cercor/bhl131
https://doi.org/10.1016/j.brainres.2007.01.055
https://doi.org/10.1016/s0926-6410(00)00036-7
https://doi.org/10.1016/s0926-6410(00)00036-7
https://doi.org/10.1098/rstb.2011.0417
https://doi.org/10.1093/brain/awp295
https://doi.org/10.1093/brain/awp295
https://doi.org/10.1016/j.concog.2015.07.012

Tisserand et al. Alzheimer's Research & Therapy

50.

52.

53.

54.

55.
56.
57.
58.
59.
60.
61.
62.

63.

64.

(2024) 16:85

self-referential processing and perspective taking. J Cogn Neurosci.
2007;19:935-44. https://doi.org/10.1162/jocn.2007.19.6.935.

D'Argembeau A, Stawarczyk D, Majerus S, Collette F, Van der Linden M,
Salmon E. Modulation of medial prefrontal and inferior parietal cortices when

thinking about past, present, and future selves. Soc Neurosci. 2010;5:187-200.

https://doi.org/10.1080/17470910903233562.

Northoff G, Bermpohl F. Cortical midline structures and the self. Trends Cogn
Sci. 2004;8:102-7. https://doi.org/10.1016/j.tics.2004.01.004.

Deiber M-P, Passingham RE, Colebatch JG, Friston KJ, Nixon PD, Frackowiak
RSJ. Cortical areas and the selection of movement: a study with positron
emission tomography. Exp Brain Res. 1991;84. https://doi.org/10.1007/
BF00231461.

Moore JW, Ruge D, Wenke D, Rothwell J, Haggard P. Disrupting the experi-
ence of control in the human brain: pre-supplementary motor area contrib-
utes to the sense of agency. Proc R Soc B Biol Sci. 2010;277:2503-9. https.//
doi.org/10.1098/rspb.2010.0404.

Mukamel R, Ekstrom AD, Kaplan J, lacoboni M, Fried I. Single-neuron
responses in humans during execution and Observation of actions. Curr Biol.
2010;20:750-6. https://doi.org/10.1016/j.cub.2010.02.045.

Jacob P, Jeannerod M. The motor theory of social cognition: a critique. Trends
Cogn Sci. 2005;9:21-5. https://doi.org/10.1016/.tics.2004.11.003.

Rizzolatti G, Craighero L, THE MIRROR-NEURON, SYSTEM. Annu Rev Neurosci.
2004;27:169-92. https://doi.org/10.1146/annurev.neuro.27.070203.144230.
lacoboni M. Neural mechanisms of imitation. Curr Opin Neurobiol.
2005;15:632-7. https://doi.org/10.1016/j.conb.2005.10.010.

Siegal M, Varley R. Neural systems involved in theory of mind. Nat Rev Neuro-
sci. 2002;3:463-71. https;//doi.org/10.1038/nrn844.

Premack D, Woodruff G. Does the chimpanzee have a theory of mind? Behav
Brain Sci. 1978;1:515-26. https://doi.org/10.1017/50140525X00076512.
Happé F. Theory of mind and the self. Ann N'Y Acad Sci. 2003;1001:134-44.
https://doi.org/10.1196/annals.1279.008.

Saxe R. Theory of Mind (Neural Basis). Encycl. Conscious,, Elsevier; 2009, pp.
401-9. https://doi.org/10.1016/B978-012373873-8.00078-5.

Binder JR, Desai RH. The neurobiology of semantic memory. Trends Cogn Sci.
2011;15:527-36. https://doi.org/10.1016/j.tics.2011.10.001.

Hauk O, Johnsrude I, Pulvermiiller F. Somatotopic Representation of Action
Words in Human Motor and Premotor Cortex. Neuron. 2004;41:301-7.
https://doi.org/10.1016/50896-6273(03)00838-9.

Uddin LQ, Kaplan JT, Molnar-Szakacs |, Zaidel E, lacoboni M. Self-face rec-
ognition activates a frontoparietal mirror network in the right hemisphere:

65.

66.

67.

68.

69.

70.

71.

72.

73.

Page 10 of 10

an event-related fMRI study. Neurolmage. 2005,25:926-35. https://doi.
0rg/10.1016/j.neuroimage.2004.12.018.

Uddin LQ, lacoboni M, Lange C, Keenan JP. The self and social cognition:

the role of cortical midline structures and mirror neurons. Trends Cogn Sci.
2007;11:153-7. https://doi.org/10.1016/j.tics.2007.01.001.

Chan D, Fox NC, Scahill RI, Crum WR, Whitwell JL, Leschziner G, et al. Patterns
of temporal lobe atrophy in semantic dementia and Alzheimer’s disease. Ann
Neurol. 2001;49:433-42. https://doi.org/10.1002/ana.92.

Bruce V, Young A. Understanding face recognition. Br J Psychol. 1986;77:305-
27. https://doi.org/10.1111/].2044-8295.1986.tb02199.x.

Kanwisher N, McDermott J, Chun MM. The Fusiform Face Area: A Module

in Human Extrastriate Cortex Specialized for Face Perception. J Neurosci.
1997;17:4302-11. https://doi.org/10.1523/JNEUROSCI.17-11-04302.1997.
Yang Y, Deng H, Xing G, Xia X, Li H. Brain functional network connectivity
based on a visual task: visual information processing-related brain regions
are significantly activated in the task state. Neural Regen Res. 2015;10:298.
https://doi.org/10.4103/1673-5374.152386.

Bogousslavsky J, Miklossy J, Deruaz JP, Assal G, Regli F. Lingual and fusiform
gyriin visual processing: a clinico-pathologic study of superior altitudinal
hemianopia. J Neurol Neurosurg Psychiatry. 1987;50:607-14. https://doi.
0rg/10.1136/jnnp.50.5.607.

Zhang L, Qiao L, Chen Q, Yang W, Xu M, Yao X, et al. Gray Matter volume of
the Lingual Gyrus mediates the relationship between inhibition function
and divergent thinking. Front Psychol. 2016;7. https://doi.org/10.3389/
fpsyg.2016.01532.

Katzorke A, Zeller JBM, Muller LD, Lauer M, Polak T, Reif A, et al. Reduced
activity in the right Inferior Frontal Gyrus in Elderly APOE-E4 carriers during a
Verbal Fluency Task. Front Hum Neurosci. 2017;11. https://doi.org/10.3389/
fnhum.2017.00046.

Yoshioka A, Tanabe HC, Nakagawa E, Sumiya M, Koike T, Sadato N. The role of
the Left Inferior Frontal Gyrus in Introspection during Verbal Communication.
Brain Sci. 2023;13:111. https://doi.org/10.3390/brainsci13010111.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1162/jocn.2007.19.6.935
https://doi.org/10.1080/17470910903233562
https://doi.org/10.1016/j.tics.2004.01.004
https://doi.org/10.1007/BF00231461
https://doi.org/10.1007/BF00231461
https://doi.org/10.1098/rspb.2010.0404
https://doi.org/10.1098/rspb.2010.0404
https://doi.org/10.1016/j.cub.2010.02.045
https://doi.org/10.1016/j.tics.2004.11.003
https://doi.org/10.1146/annurev.neuro.27.070203.144230
https://doi.org/10.1016/j.conb.2005.10.010
https://doi.org/10.1038/nrn844
https://doi.org/10.1017/S0140525X00076512
https://doi.org/10.1196/annals.1279.008
https://doi.org/10.1016/B978-012373873-8.00078-5
https://doi.org/10.1016/j.tics.2011.10.001
https://doi.org/10.1016/S0896-6273(03)00838-9
https://doi.org/10.1016/j.neuroimage.2004.12.018
https://doi.org/10.1016/j.neuroimage.2004.12.018
https://doi.org/10.1016/j.tics.2007.01.001
https://doi.org/10.1002/ana.92
https://doi.org/10.1111/j.2044-8295.1986.tb02199.x
https://doi.org/10.1523/JNEUROSCI.17-11-04302.1997
https://doi.org/10.4103/1673-5374.152386
https://doi.org/10.1136/jnnp.50.5.607
https://doi.org/10.1136/jnnp.50.5.607
https://doi.org/10.3389/fpsyg.2016.01532
https://doi.org/10.3389/fpsyg.2016.01532
https://doi.org/10.3389/fnhum.2017.00046
https://doi.org/10.3389/fnhum.2017.00046
https://doi.org/10.3390/brainsci13010111

	﻿Who am I with my Lewy bodies? The insula as a core region of the self-concept networks
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study population
	﻿Behavioral study
	﻿General cognitive functioning
	﻿Verbal fluency
	﻿Twenty statements test
	﻿Statistical analyses for the behavioural study
	﻿Neuroimaging study
	﻿Voxel-based morphometry analyses

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


