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ment correlated with gray matter atrophy in a posterior re-
gion of the right superior temporal sulcus (adjacent to the 
temporoparietal junction).  Conclusion:  These results con-
firm the role of the right temporoparietal cortex in the gen-
esis of anosognosia and suggest that, in clinical syndromes 
of the frontotemporal dementia spectrum, anosognosia is 
associated with the dysfunction of temporoparietal mecha-
nisms of self versus others knowledge. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Patients with dementia are frequently unaware of their 
cognitive and behavioral symptoms. In general, the in-
ability to recognize neurological symptoms has been 
termed as ‘loss of insight’  [1, 2]  or ‘anosognosia’    [3, 4] , a 
term originally used for unawareness of hemiplegia but 
now adopted to denote the lack of recognition of any dis-
ease-specific acquired symptom. Anosognosia for cogni-
tive and behavioral impairment occurring in dementia is 
clinically relevant and has important consequences on 
compliance with treatment and caregiver burden  [5] .

  Several studies on patients with Alzheimer disease 
(AD) have attempted to establish correlations between 
anosognosia for cognitive symptoms and neuropsycho-
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 Abstract 

  Background:  Patients with syndromes of the frontotempo-
ral dementia spectrum are frequently unaware of their be-
havioral changes.  Methods:  Seventy patients with a clinical 
diagnosis of behavioral variant frontotemporal dementia 
(bv-FTD, n = 27), aphasic variant frontotemporal dementia
(a-FTD, n = 12) and corticobasal syndrome (CBS, n = 31) par-
ticipated in the study. Anosognosia for behavioral distur-
bances was measured as discrepancy between caregiver’s 
and patient’s ratings on the Frontal Systems Behavior Scale 
for  present  and  premorbid  behavioral symptoms. Voxel-
based morphometry analysis of MRI data was performed to 
explore the association between anosognosia and gray mat-
ter loss.  Results:  Although behavioral symptoms were re-
ported in all the groups, the comparison between present 
and premorbid anosognosia revealed that bv-FTD patients 
not only underestimated their present behavioral distur-
bances compared to their caregivers, but also overestimated 
their premorbid   behavioral disturbances. Across all groups, 
the degree of anosognosia for present behavioral impair-
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logical or demographical variables. Although not consis-
tently, they demonstrated associations with dementia se-
verity  [6–8]  and neuropsychiatric symptoms such as apa-
thy and depression  [4, 9] . Among the neurodegenerative 
syndromes of the frontotemporal dementia spectrum, 
anosognosia has been investigated mainly in the behav-
ioral variant of frontotemporal dementia (bv-FTD) in 
comparison with AD  [10, 11] . Patients with bv-FTD 
showed greater anosognosia than patients with AD and 
differences were most evident in specific domains such as 
personality  [10] , language, executive functions and be-
havioral disturbances  [11] . Limited data are available re-
garding frequency and characteristics of anosognosia for 
behavioral disturbances in the aphasic variant (a-FTD) 
and in other neurodegenerative disorders that share clin-
ical, pathological, and genetic features with FTD, such as 
the corticobasal syndrome (CBS)  [2, 12] . Moreover, only 
a few studies have investigated which brain areas are as-
sociated with anosognosia in FTD  [1, 3] .

  Several studies on patients with stroke and brain in-
jury focused on the neuroanatomical correlates of anosog-
nosia for hemiplegia, showing the predominant role of 
the right prefrontal and temporoparietal regions  [13, 14] . 
At the same time, studies on AD patients showed correla-
tions between global anosognosia for cognitive impair-
ment and hypoperfusion of frontal  [7, 8, 15] , temporopa-
rietal  [4]  and temporo-occipital  [16]  regions. In bv-FTD 
patients, anosognosia has been correlated with hypoper-
fusion in the left temporal pole  [3]  and in right frontal 
regions  [1] . Although there is consensus that anosognosia 
is symptom specific, there is less agreement on whether 
certain brain regions have a common role in anosognosia 
for diverse neurological symptoms  [12] . In particular, ev-
idence from studies on brain-injured and dementia pa-
tients suggest the association either between anosognosia 
and the prefrontal cortex, or between anosognosia and 
the temporoparietal cortex. On one hand, it has been sug-
gested that anosognosia correlates with impairment of 
executive functions, which are associated – although not 
exclusively – with the prefrontal cortex  [17–19] . In addi-
tion, an association between anosognosia and the pre-
frontal cortex is supported by reports of patients with ac-
quired focal frontal lesions demonstrating lack of aware-
ness and overestimation of abilities  [20] . On the other 
hand, anosognosia has been linked to the temporopari-
etal cortex because damage to this area of the brain can 
produce a variety of disorders associated with body 
knowledge and perception (i.e. somatoparaphrenia and 
asomatognosia)  [21] . In addition, several functional neu-
roimaging studies have shown that temporoparietal re-

gions are part of the network that encompasses represen-
tation of the self and others  [22] . In particular, right tem-
poroparietal regions are activated when subjects are 
engaged in tasks in which they have to distinguish be-
tween self and others’ attributes  [22, 23] . Assuming that 
the self can only be conceptualized in the relationship 
with others, several authors have suggested that these re-
gions have a general role for self-awareness  [24] .

  The goal of our study was twofold: first, to characterize 
anosognosia for  present  and  premorbid  behavioral dystur-
bances in bv-FTD patients in which anosognosia has been 
largely reported, comparing the characteristics of bv-FTD 
patients with a-FTD and CBS patients who show overlap-
ping symptoms but in whom anosognosia for behavioral 
disturbances has not been as studied; second, to establish 
the neuroanatomical correlates of anosognosia for behav-
ioral disturbances and to determine, in patient groups 
known to have atrophy extending – at different degrees – 
from frontal to temporoparietal areas, whether anosog-
nosia is mainly associated with damage to the prefrontal 
cortex or temporoparietal regions. We measured anosog-
nosia for behavioral impairment as the discrepancy be-
tween patient self-report ratings and ratings provided by 
caregivers on the Frontal Systems Behavior Scale (FrSBe) 
 [25] . We focused on a measure of behavioral symptoms 
because these symptoms are easily detected and can occur 
in all the syndromes of the FTD spectrum including CBS. 
Then we used voxel-based morphometry (VBM) of MRI 
data to assess gray matter changes associated with the de-
rived discrepancy score. VBM has been successfully and 
reliably used to determine correlations between atrophy 
in specific areas and symptoms in patients with FTD
and other types of dementia  [26, 27]  but – to our knowl-
edge – has never been adopted to study anosognosia in 
neurodegenerative diseases. 

  Material and Methods 

 Subjects 
 Seventy patients with CBS or FTD participated in the study. 

They were referred by outside neurologists to the Cognitive Neu-
roscience Section of the National Institute of Neurological Disor-
ders and Stroke (NINDS). During a single 1-week visit to the NIH, 
patients received extensive clinical and neuropsychological eval-
uations, and their diagnosis was confirmed according to pub-
lished criteria  [28, 29] . Inclusion criteria were also the availability 
of patient’s and caregiver’s forms of the FrSBe  [25] . All patients 
assigned durable power of attorney prior to enrollment, and as-
signees gave written informed consent for the study, which was 
approved by the NINDS Institutional Review Board. Thirty-one 
patients were characterized clinically as having CBS, 27 as having 
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FTD with behavioral presentation (bv-FTD) and 12 as having 
FTD with aphasic presentation (a-FTD). Out of the 70 patients, 64 
(34 women; mean age 62.5 years; mean education 15.4 years; 26 
CBS, 26 bv-FTD, and 12 a-FTD) underwent brain MRI, whereas 
the remaining 6 (5 CBS,1 bv-FTD) were unable to perform or 
complete the examination. 

  For the imaging study, 14 age-matched healthy controls with 
no history of neurological and psychiatric disorders volunteered 
to participate in the study. They underwent a neurological ex-
amination by NIH staff neurologists, an extensive interview that 
covered medical, social, familial and psychiatric history and a 
brain MRI scan. They also received some of the neuropsycho-
logical evaluations given to the patients (Mattis Dementia Rating 
Scale, MDRS; Beck Depression Inventory III) but not those in-
tended to be filled out by caregivers since they had no caregivers. 
The healthy controls gave informed consent and were paid for 
their participation. Patients’ and controls’ characteristics are re-
ported in  table 1 .

  Neuropsychological Assessment 
 Behavioral disturbances were assessed using the FrSBe, which 

measures behavior before and after the onset of a neurological 
disorder. The questionnaire is completed by the patient (self-rat-
ing form) and by the patient’s caregiver (family-rating form). 

They have to rate how often the patient has engaged in each of 46 
different behaviors (i.e. ‘Does things impulsively’) on 5-point Lik-
ert scales (from 1 = almost never to 5 = almost always). Ratings 
are collected for 2 points in time: before the illness and at the pres-
ent time.

  To derive a measure of anosognosia, we subtracted the self 
FrSBe total score from the family FrSBe total score, obtaining a 
discrepancy score that ranged between negative (caregiver rating 
the subjects as less impaired in comparison with the subject’s self-
rating) to positive (caregiver rating the subject as more impaired 
in comparison with the subject’s self-rating). The use of patient-
caregiver discrepancy scores as a measure of anosognosia has 
been reliably adopted in dementia patients  [4, 9, 11, 12] . Using the 
standardized FrSBe total scores, discrepancy scores were calcu-
lated for the ‘before the illness’  (retrospective)  and ‘at the present 
time’  (present)  ratings. 

  As a part of the neuropsychological evaluation, the following 
tests were also performed: Neurobehavioral Rating Scale; Mattis 
Dementia Rating Scale, MDRS  [30] ; Beck Depression Inventory II 
 [31] ; Wechsler Memory Scale III  [32] ; Delis-Kaplan Executive 
Function System  [33] ; Token Tests  [34] , and Boston Naming Test 
 [35] . Among these, age- and education-matched scaled scores of 
the MDRS, a test of general cognitive function designed for pa-
tients with cognitive impairment, were used as measurement of 

Table 1. Demographics and neuropsychological characteristics of patients and controls

Demographic and behavioral 
characteristics

Controls All 
patients

CBS 
subgroup

bv-FTD 
subgroup

a-FTD 
subgroup

Subgroup 
comparison

Number 14 70 31 27 12 –
Gender M:F 7:7 36:34 17:14 16:11 3:9 n.s.
Age, years 60.5 (1.9) 63.0 (1.0) 65.8 (1.5) 60.1 (1.4) 62.3 (2.8) bv-FTD/CBS*
Years of education 16.8 (1.0) 15.6 (0.3) 14.7 (0.5) 16.5 (0.6) 16.0 (0.4) bv-FTD/CBS*
Years since symptom onsets – 4.3 (0.3) 4.2 (0.3) 4.6 (0.7) 3.8 (0.4) n.s.
FrSBe present discrepancy 

(family total – self total score)
– 11.1 (3.1) 4.4 (3.8) 24.5 (5.2) –1.8 (5.6) bv-FTD/CBS*

bv-FTD/a-FTD*
FrSBe retrospective discrepancy 

(family total – self total score)
– –4.0 (2.5) 1.7 (2.3) –12.5 (4.1) 0.3 (8.7) bv-FTD/CBS*

Family FrSBe present total score – 77.7 (2.9) 66.8 (3.5) 95.0 (3.9) 67.2 (7.1) bv-FTD/CBS***
bv-FTD/a-FTD**

Neurobehavioral Rating Scale – 46.2 (1.2) 45.1 (1.9) 46.7 (1.9) 47.4 (2.3) n.s.
MDRS (age-education-matched scaled scores)

normal range 9.8 (0.5) 4.3 (0.4) 4.8 (0.7) 4.3 (0.7) 3.0 (0.8) n.s.
Beck Depression Inventory 1.1 (0.4) 12.8 (1.3) 14.4 (2.1) 10.6 (1.9) 13.7 (2.5) n.s.
Wechsler Memory Scale III – 87.7 (2.2) 92.8 (3.2) 83.6 (3.4) 82.1 (6.3) n.s.
Delis-Kaplan Tower Tests – 6.8 (0.5) 6.5 (0.6) 6.3 (0.8) 8.2 (0.5) n.s.
Delis-Kaplan Trial Making – 6.2 (0.5) 5.5 (0.8) 6.5 (0.8) 7.3 (1.2) n.s.
Delis-Kaplan Free Sorting – 7.4 (0.4) 8.0 (0.6) 7.0 (0.5) 7.1 (0.7) n.s.
Delis-Kaplan Category Fluency – 5.5 (0.4) 6.4 (0.7) 5.0 (0.7) 4.1 (1.2) n.s.
Delis-Kaplan Letter Fluency – 5.5 (0.4) 5.1 (0.6) 5.9 (0.8) 5.4 (1.3) n.s.
Token Test – 88.8 (1.7) 92.0 (2.0) 88.7 (2.8) 81.2 (5.6) n.s.
Boston Naming Test – 42.9 (1.9) 47.6 (1.9) 47.3 (2.2) 21.2 (5.4) a-FTD/bv-FTD***

a-FTD/CBS***

Reported values are means with standard error values in parentheses. The last column on the right reports the results of the com-
parison (with post hoc Bonferroni-corrected p values) between the 3 patient subgroups; * p < 0.05, ** p < 0.001, *** p < 0.0005.
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dementia severity (scores of  6 9 denote intact cognitive function) 
and subsequently entered in the VBM analysis.

  Demographical and neuropsychological data were analyzed 
using SPSS 15.0 for PC (SPSS Inc., http://www.spss.com).

  Imaging 
 MRI images were obtained from a 1.5-tesla GE MRI scanner 

(GE Medical Systems, Milwaukee, Wisc., USA). A T 1 -weighted 
spoiled gradient echo sequence was used to generate 124 contigu-
ous 1.5-mm-thick axial slices (TR = 6.1 ms; TE = min. full; f lip 
angle = 20°; FOV = 240 mm; matrix size = 256  !  256  !  124).

  VBM: Processing and Analysis 
 VBM analysis of the data was performed with SPM5 (http://

www.fil.ion.ucl.ac.uk/spm/software/spm5) for Matlab version 
7.5.0. Images were registered and segmented using the DARTEL 
(diffeomorphic anatomical registration through exponentiated 
lie algebra) algorithm  [36] , normalized to the Montreal Neuro-
logical Institute (MNI) space, and smoothed with an 8-mm 
FWHM (full width at half maximum) filter. These preprocessing 
steps were carried out according to the DARTEL chapter of the 
SPM5 manual (http://www.fil.ion.ucl.ac.uk/spm/#intro). For the 
statistical analyses, an absolute threshold mask of 0.05 was used. 

  To identify gray matter changes correlated with anosognosia 
for  present  behavioral abnormalities, the pre-processed (namely, 
segmented, modulated, normalized and smoothed) images were 
entered in a correlational analysis (full factorial model) including 
the diagnostic group (CBS, bv-FTD and a-FTD) as between-
groups factor (independent measurements, equal variance not 
 assumed) and the  present  FrSBe discrepancy score as covariate 
of interest. In addition, age, gender, education, total intracra-
nial volume, and dementia severity (MDRS age- and educa -
tion-matched scaled score) were entered in the model as cova-
riates of no interest. The online supplementary figure 1 (www.
karger.com/doi/10.1159/000255141) depicts the final design ma-
trix. This design allowed us to analyze the relationship between 
anosognosia for present behavioral impairment and gray matter 
loss in each diagnostic group when assessing the covariate-by-
group interactions separately (i.e. the effect of anosognosia for 
behavioral impairment in CBS, in bv-FTD and in a-FTD). It also 
allowed us to analyze the overall effect of anosognosia for present 
behavioral impairment across all groups, when assessing the re-
lationship in all the 3 groups together. Importantly, all these anal-
yses were performed controlling for the effect of dementia sever-
ity, demographical variables and total intracranial volume. Simi-
lar ‘conditions and covariates’ analyses have been previously 
adopted in studies interested in the correlation between gray mat-
ter atrophy and a continuous variable across different diagnostic 
groups  [27] . The relationship between present anosognosia and 
gray matter atrophy was examined using one-tailed t tests, as-
suming that increasing severity of anosognosia would be associ-
ated with decreased tissue density, although we also tested the 
opposite relationship as recommended when performing VBM 
studies  [37] . The correlational analysis was performed in the 
whole brain at the uncorrected statistical threshold of p  !  0.001, 
and only results surviving the family-wise error correction for 
multiple comparisons were considered.

  Subsequently, to verify that the correlation between anosog-
nosia for present behavioral impairment and gray matter density 
was significant in brain areas affected by the illness, we restricted 

the same correlational analysis to regions of actual atrophy in pa-
tients as compared to healthy controls. More precisely, we first 
performed a full factorial VBM analysis in which we entered each 
patient group and a group of 14 age- and education-matched 
healthy controls as separate groups and included age, gender, ed-
ucation and total intracranial volume as confounding covariates. 
Then we used the regions resulting from the comparisons be-
tween each diagnostic group (as well as all groups together) with 
the control group as a mask for the correlational analysis (online 
suppl. table 1 for regions of significant difference between all pa-
tients and controls).

  Identification of brain regions and corresponding Brodmann 
areas were determined by using anatomical landmarks and by 
looking at the identified regions in original MNI space projected 
onto the MRIcron templates  [38] . 

  Results 

 Demographical and Neuropsychological 
Characteristics  
 Results from comparison between the diagnostic 

groups (CBS, bv-FTD and a-FTD) are reported in the last 
column on the right of  table 1 . The groups did not differ 
significantly in terms of gender and disease duration. 
There were differences in patient age and years of educa-
tion, with the bv-FTD patients being significantly young-
er and less educated than the CBS patients. Therefore, 
education and age, among other demographical vari-
ables, were included as covariates of no interest in the 
VBM model, allowing us to control for the effects they 
might have upon anosognosia.

  The diagnostic groups did not differ in dementia se-
verity, depression, memory impairment and executive 
functions. Importantly, the diagnostic groups did not sig-
nificantly differ in verbal comprehension either (Token 
Test), confirming that a-FTD patients included in the 
present study were able to understand the behavioral 
questionnaires. Instead, as expected, there were differ-
ences in oral language production (Boston Naming Test), 
with a-FTD patients being more impaired than both CBS 
and bv-FTD patients.

  As expected, bv-FTD patients showed more behavior-
al symptoms measured by the present FrSBe total care-
giver form. In particular, post hoc Bonferroni compari-
sons indicated that bv-FTD patients’ FrSBe scores were 
significantly higher than those of CBS patients and a-
FTD patients. Note that (although more prominent in bv-
FTD patients) behavioral symptoms were also reported 
by caregivers of CBS and a-FTD patients as indicated by 
the FrSBe total score, which is considered clinically sig-
nificant if higher than 60–65  [25] .
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  Analyses of Retrospective and Present Anosognosia 
Scores 
 FrSBe retrospective and present discrepancy scores in 

each diagnostic group measuring of anosognosia for be-
havioral impairment are also reported in  table 1 . Nega-
tive discrepancy scores meant that caregivers rated pa-
tients as less impaired in comparison with patients’ self-
ratings, positive discrepancy scores that caregivers rated 
patients as more impaired in comparison with patients’ 
self-ratings. There were no significant correlations be-
tween the present anosognosia score and scores on neu-
ropsychological tests assessing dementia severity (MDRS, 
r 70  = 0.05, n.s., one-tailed), overall behavioral impairment 
(Neurobehavioral Rating Scale, r 70  = 0.07, n.s., one-tailed), 
language comprehension and production (Token Test,
r 69  = 0.02, n.s., one-tailed; Boston Naming Test, r 69  =
–0.03, n.s., one-tailed), memory impairment (Wechsler 
Memory Scale III general memory index score, r 64  =
–0.19, n.s., one-tailed) and executive functions (Tower 
Test, Trial Making Test, Free Sorting, Category and Letter 
Fluency of the Delis-Kaplan battery, r s70   !  0.1, n.s., one-
tailed). There was a slightly significant negative correla-
tion with depression severity (Beck Depression Inventory 
II, r 70  = –0.21, p = 0.037, one-tailed) indicating that more 
anosognostic patients tend to be less depressed.

  To test whether there is an effect of diagnostic group 
and time on anosognosia for behavioral impairment, we 
performed a 2 � 3 repeated-measures analysis of variance 
(ANOVA) on the FrSBe discrepancy scores, with time 
(retrospective and present) as a within-subject factor and 
diagnostic group (bv-FTD, a-FTD and CBS) as a between-
subject factor. The ANOVA revealed no significant effect 
of the diagnostic group (F 2, 67   ! 1, n.s.), giving an addi-
tional reason for including all 3 patient groups in the 
same VBM analysis. Instead, there was a significant effect 
of time (F 1, 67  = 30.58, p  !  0.0005), indicating that retro-
spective discrepancy scores were significantly different 
from present discrepancy scores. The interaction be-
tween diagnostic group and time was also significant
(F 2, 67  = 35.34, p  !  0.0005), indicating that the retrospec-
tive/present directionality of anosognosia scores differed 
across diagnostic groups.  Figure 1  illustrates such a sig-
nificant interaction. Follow-up 1-way ANOVAs compar-
ing the 3 groups separately in the 2 time points (retro-
spective and present) showed that the interaction between 
diagnostic group and time was driven by the bv-FTD 
group. In the retrospective evaluation, bv-FTD patients 
showed discrepancy scores that were negative and sig-
nificantly lower than the discrepancy scores of CBS pa-
tients (as shown by post hoc Bonferroni comparisons,

p  !  0.05). In the present evaluation, bv-FTD patients had 
discrepancy scores that were positive and significantly 
higher than those of both the a-FTD (p  !  0.05) and CBS 
(p  !  0.05) patients (as shown by post hoc Bonferroni com-
parisons). The bv-FTD group had negative retrospective 
and positive present discrepancy scores ( fig. 1 ). This 
means that, in the retrospective evaluation, caregivers 
rated patients as less impaired than how patients rated 
themselves (t = –3.0, d.f. = 26, p = 0.005, two-tailed). In 
the present evaluation, however, caregivers rated patients 
as more impaired than how patients rated themselves
(t = 4.6, d.f. = 26, p  !  0.0005, two-tailed). To further ex-
plore whether the discrepancy score in bv-FTD was driv-
en by changes in the evaluation of caregivers, patients or 
both, we performed a follow-up 2 � 2 ANOVA on the FrSBe 
total scores (not on the calculated discrepancy) in the bv-
FTD group, with time (retrospective and present) and 
rater (patient and caregiver) as within-subject factors. 
This revealed no significant effect of the rater alone
(F 1, 26   ! 2, n.s.), but a significant effect of time (F 1, 26  = 
113.65, p  !  0.0005) and a significant interaction between 
rater and time (F 1, 26  = 122.16, p  !  0.0005). Therefore, 
 although both patients and caregivers had changed their 
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  Fig. 1.  Retrospective and present anosognosia for behavioral im-
pairment (measured by FrSBe discrepancy scores) as a function 
of diagnostic group (bv-FTD, a-FTD, CBS). The higher the dis-
crepancy scores, the more anosognosic the patients. In addition, 
negative scores indicate that caregivers rated the patients as less 
impaired than patients’ self-ratings; positive scores indicate that 
caregivers rated the patients as more impaired than patients’ self-
ratings. Note that the significant interaction between diagnostic 
group and time (retrospective, present) is driven by the bv-FTD 
group.  



 Anosognosia in FTD and CBS Dement Geriatr Cogn Disord 2010;29:88–96 93

evaluation from retrospective to present as shown by 
paired t tests between retrospective and present evalua-
tions in caregivers (t = –14.23, d.f. = 26, p = 0.005, two-
tailed) and patients (t = –3.18, d.f. = 26, p = 0.005, two-
tailed), the significant interaction indicated that, as
expected in the case of patients unaware of their dis-
turbances, caregivers had changed their judgment more 
than patients. 

  VBM Results 
 Across diagnostic groups, an increased degree of 

anosognosia for behavioral impairment was associated 
with gray matter loss in a single cluster (with 3 peaks) lo-
cated in the posterior part of the right superior temporal 
sulcus (pSTS; Brodmann areas 21/39, MNI coordinates of 
peak voxels: 61, –35, 2 and 59, –24, –4;  fig. 2 ), extending 
inferiorly to the inferior temporal gyrus (ITG; Brodmann 
area 20; MNI coordinates of peak voxel: 52, –37, –27; 
 fig. 2 ). This region survived both the cluster level and the 
family-wise error voxel level correction for multiple com-
parisons at p  !  0.05 (online suppl. fig. 2). When the same 
analysis was restricted to regions of significant difference 
between patients and controls, the same region extending 
from the pSTS to the ITG emerged, confirming that the 
correlation between atrophy and anosognosia was signif-
icant in regions of actual atrophy in the patient groups.

  The correlation between gray matter atrophy and 
anosognosia in each diagnostic group did not show any 
region surviving correction for multiple comparisons. In 
addition, there were no regions surviving the cluster or 
voxel level corrected thresholds in which anosognosia 
was associated with increased gray matter density. 

  Discussion 

 The present study investigated the characteristics and 
neural correlates of anosognosia for behavioral symp-
toms in patients with bv-FTD, a-FTD and CBS. We 
showed that the caregiver-patient discrepancy was sig-
nificantly different across the present and retrospective 
evaluations in the 3 patient groups. In addition, across all 
patients, increasing anosognosia for behavioral distur-
bances was associated with gray matter loss in the right 
posterior temporal lobe. 

  Behavioral results showed that bv-FTD patients show 
greater anosognosia for present behavior compared to 
CBS and a-FTD. Therefore, measuring anosognosia for 
behavioral disturbances is important for the differential 
diagnosis of bv-FTD. The presence of behavioral distur-
bances alone may not be sufficient to distinguish this 
clinical syndrome from a-FTD and CBS, in which behav-
ioral disturbances may occur as well. This is consistent 
with previous studies that showed greater anosognosia in 
bv-FTD compared to a-FTD  [12]  and AD  [10, 11] . Recent-
ly, the only study which compared anosognosia in pa-
tients with FTD, CBS and progressive supranuclear palsy 
failed to find significant differences in anosognosia mea-
sured with a composite score derived by caregiver-patient 
comparisons on several questionnaires, including the 
FrSBe  [2] . In that study, FTD patients were more impaired 
than CBS and progressive supranuclear palsy patients 
only in the ability to detect cognitive errors. The fact that 
the authors did not distinguish between behavioral and 
aphasic presentations of FTD and the different measure-
ment of anosognosia, which included behavioral but also 

y = –37

  Fig. 2.  Regions of reduced gray matter den-
sity associated with anosognosia across all 
diagnostic groups (color online only). Su-
perior temporal sulcus and inferior tem-
poral gyrus as parts of a unique cluster of 
1,568 voxels (voxel size 1.6 � 1.6 � 1.8 mm 3 ) 
are visualized at the p  !  0.001 uncorrected 
level (for display purposes). The same re-
gion also survived the whole-brain family-
wise-error- and false-discovery-rate-cor-
rected thresholds of p  !  0.05. Coordinates 
are in MNI space. 
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cognitive and motor domains, might explain the differ-
ences between their results and the results of the present 
study, in which we focused on anosognosia for behav-
ioral disturbances.

  Importantly, discrepancy scores were not significantly 
associated with dementia severity, overall behavioral im-
pairment or neuropsychological tests assessing specific 
cognitive domains, including executive functions. This 
suggests that anosognosia for behavioral disturbances in 
FTD syndromes can be dissociated from other aspects of 
cognitive or behavioral impairment. Accordingly, previ-
ous studies on FTD patients, although not focused on 
anosognosia for behavioral disturbances, did not find 
such an association  [2, 11] .

  The comparison between retrospective and present 
scores revealed – in agreement with previous studies  [3, 
10]  – that bv-FTD patients tend to underestimate behav-
ioral changes occurring after the illness onset. Interest-
ingly, we found that in bv-FTD patients the discrepancy 
from their caregivers’ judgment is not only due to under-
estimation of present behavioral changes, but also to 
overestimation of previous behavioral disturbances. 
More precisely, caregivers judged behavioral symptoms 
before the illness onset lower than the pathological 
threshold, whereas they judged present behavioral symp-
toms largely above the pathological threshold. Instead, 
bv-FTD patients judged their past behavior close to the 
pathological threshold, and their present behavior as 
slightly above this threshold, denoting not only the in-
ability to recognize correctly their present behavior, but 
also the tendency to exaggerate their previous behavior. 
Therefore, although both caregivers and patients judged 
present behavioral symptoms more impaired than before 
the illness, their relationship inverted from the retrospec-
tive to the present evaluation. This finding (which was 
not observed in the a-FTD and CBS groups) cannot be 
explained by memory impairment, since the diagnostic 
groups did not differ on neuropsychological evaluation 
of memory and other cognitive domains such as cogni-
tive functions. The findings of a discrepancy in the as-
sessment of premorbid behavior raises important ques-
tions regarding the mechanisms underlying anosognosia 
in bv-FTD: Does the exaggeration of previous behavioral 
disturbances indicate that patients confabulate to mini-
mize current behavior abnormalities? Does anosognosia 
also include a failure of past personal knowledge? Future 
research is needed to address these questions.

  The VBM analysis demonstrated that gray matter loss 
in a region extending from the right pSTS to the ITG is 
correlated with increasing anosognosia for behavioral 

disturbances. The prominent involvement of the tempo-
ral lobe differs from previous reports on FTD  [1]  and AD 
 [7, 8, 15] , in which anosognosia was associated with fron-
tal hypoperfusion. The fact that these analyses were re-
stricted to frontal regions of interest  [7, 8]  or did not in-
clude confounding covariates such as dementia severity 
and demographical differences  [15]  might account for the 
differences. In agreement with the present study, other 
studies conducted on bv-FTD  [39]  and AD  [4]  patients, 
which controlled for the effect of several confounding 
variables, found that anosognosia measured with patient-
caregiver discrepancies is associated with decreased per-
fusion in temporal regions (temporal pole and temporo-
parietal junction, respectively). Therefore, although we 
focused on a specific domain of anosognosia (namely 
anosognosia for behavioral disturbances), we believe that 
our results may be generalized to support the hypothesis 
that the temporoparietal regions, as opposed to frontal 
regions, are more relevant for anosognosia in FTD and 
CBS patients. In addition, consistently with previous 
studies  [13, 14] , our results confirm the predominant role 
of the right hemisphere in determining anosognosia 
 [40] .

  A number of functional neuroimaging studies have 
shown that the right pSTS and the adjacent right tempo-
roparietal junction are associated with a variety of low-
level and high-level cognitive tasks, from biological mo-
tion processing to perspective-taking, from attention re-
orienting to theory of mind and empathy [for a review, 
see  41 ]. In addition, in a VBM study, gray matter loss in 
the pSTS has been associated with the impaired social 
abilities observed in autism  [42] . These studies have led 
to the hypothesis that this region is specialized for pro-
cessing information regarding the mental and emotional 
states of others and, consequently, for self-awareness  [22, 
24] . Therefore, our results support the argument that, in 
dementia patients, anosognosia for behavioral distur-
bances might be due to their inability to empathically 
evaluate and understand the others’ reaction to their be-
havior.

  We included different diagnostic groups in our VBM 
analysis that are usually more or less associated with be-
havioral symptoms. These different disorders are also as-
sociated with different patterns of brain atrophy and may 
present with other symptoms that are usually considered 
more disease specific (e.g. alien limb in CBS or a naming 
impairment in a-FTD) than behavioral disturbances. 
However, the correlational nature of the VBM analysis 
permits such a grouping, and previous VBM studies have 
found valid results from performing an analysis of a 
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group formed from patients with different diagnoses  [27] . 
The current study showed that patients who are gener-
ally unaware of their behavioral impairment have, in 
pSTS and ITG, greater atrophy relative to patients who 
are more aware of their behavioral impairment, regard-
less of the diagnosis, of the overall distribution of atrophy, 
of the dementia severity and of the potential co-occur-
rence of other disease-specific symptoms. Further stud-
ies are needed to investigate whether these same regions 
are also associated with anosognosia for more disease-
specific symptoms that may be present in FTD or CBS.

  In conclusion, we demonstrated that increasing 
anosognosia for behavioral impairment is associated 
with increasing atrophy in a posterior and lateral region 
of the right temporal lobe including the right superior 
temporal sulcus/temporoparietal junction. This suggests 

that, in patients with syndromes of the FTD spectrum, 
anosognosia for behavioral disurbances may be a conse-
quence of their inability to evaluate the response of others 
to their own inappropriate behavior, reflecting a dys-
function of basic mechanisms involved in self/others 
knowledge. 
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