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Abstract: Loss in insight is a major feature of frontotemporal dementia (FTD) but has been investigated
relatively little. More importantly, the neural basis of insight loss is still poorly understood. The current study
investigated insight deficit profiles across a large cohort of neurodegenerative patients (n ¼ 81), including
FTD and Alzheimer’s disease (AD) patients. We employed a novel insight questionnaire, which tapped into
changes across different domains: social interaction, emotion, diagnosis/treatment, language, and motivation.
FTD subtypes varied considerably for insight loss, with the behavioral variant worst and the progressive non-
fluent variant least affected. All other subtypes and AD showed milder but consistent insight loss. Voxel-
based morphometry analysis revealed that overall insight loss correlated with ventromedial and frontopolar
prefrontal atrophy, with exception of social interaction and emotion insight loss, which additionally correlated
with lateral temporal and amygdala atrophy, respectively. Our results show that patients with neurodegener-
ative conditions show variable loss of insight, with ventromedial and frontopolar cortex regions appearing to
be particularly important for insight. Hum Brain Mapp 35:616–626, 2014. VC 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Loss of insight is defined as a lack of awareness of men-
tal symptoms due to frank denial or unconcern for their
consequences and is a major feature of frontotemporal de-
mentia (FTD). Over three quarters of FTD cases present
with insight loss (Neary et al., 1998; Piguet et al., 2009;
Rascovsky et al., 2011), yet insight is little understood and
virtually no studies to date have attempted to establish
neural markers of insight deficits in FTD.

Studies using semi-structured clinician interviews (Evers
et al., 2007), patient-caregiver discrepancies on rating-
scales (Eslinger et al., 2005a; Salmon et al., 2008b), and
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comparisons of patient predicted- versus actual- perform-
ance (O’Keeffe et al., 2007; Williamson et al., 2010) have
revealed overall insight impairment in FTD which may
affect insight into cognitive and behavioral domains differ-
entially. For example, Eslinger and colleagues (2005b),
compared patient and caregiver ratings of social and be-
havioral changes, and found more severe insight impair-
ment in FTD than Alzheimer’s disease (AD) when patient
perception of executive function, memory, attention, motiva-
tion, initiation, and empathy declines were explored. Using a
similar method, Salmon et al. (2008a) detected equivalent
AD-FTD differences in insight concerning executive function
and behavioral domains but failed to identify differences for
memory or attention domains, suggesting that insight may
vary across these domains even where comparable assess-
ment formats are used. Comparisons of patient-predicted test
performance with actual performance studies compliment
these findings. While both AD and FTD patients overesti-
mated their performance, compared with healthy controls,
on everyday functions (e.g., paying a bill) and cognitive tasks
(e.g., memory), FTD patients were more inaccurate in their
evaluations than AD patients (Williamson et al., 2010). These
results suggest that insight domains can be differentially
affected in FTD. Evers et al. (2007) explored this further by
investigating insight in FTD patients with a semi-structured
clinical interviews to assess state awareness (i.e., perception
of impairments, recognition that they are problems), disease
awareness (i.e., insight into fact that impairments are symp-
toms of illness), and medical awareness (i.e., insight into fact
that altered state is due to FTD). The majority of FTD patients
showed no state, illness or medical awareness.

Compared with behavioral variant FTD (bvFTD) little is
known about insight in patients with the language subtypes
of FTD; progressive non-fluent aphasia (PNFA) and semantic
dementia (SD). Only three studies so far have attempted to
split the behavioral variant from the progressive aphasic sub-
types for insight evaluation. Banks and Weintraub (2009)
conducted two studies, which both confirmed the clinical
impression that insight deficits are particularly pronounced
in bvFTD compared with the language variants and to AD. A
similar study by Eslinger et al., (2005a) showed insight defi-
cits in bvFTD, with an overestimation of the patients own
ability across most domains, including self-monitoring, em-
pathy, attention, memory, planning, initiation, flexibility, and
apathy. Importantly, Eslinger et al. split the language patients
into PNFA and SD subtypes; both variants had significant
discrepancy scores with carers for apathy, while SD patients
showed less insight into changes in perspective taking and
empathy than PNFA patients.

Recently, a third variant of PPA, logopenic progressive
aphasia (LPA) has been identified that is characterized by
anomia, word finding pause, variable phonological errors,
and a marked deficit in sentence repetition in association
with atrophy and hypometabolism of the left inferior parie-
tal-superior temporal (angular gyrus) region (Gorno-Tem-
pini et al., 2008; Leyton et al., 2011a; Rohrer et al., 2009).
Importantly the pathological basis of LPA appears to be

Alzheimer’s rather than one of the variants of FTD based on
a small number of autopsied cases and a recent PET study
using the b-amyloid ligand PiB (Leyton et al., 2011a). From
the perspective of our investigation, there have been no
reports of insight in LPA which we hypothesize might be
more similar to that seen in patients with AD.

The neural correlates of loss of insight are virtually unex-
plored. To our knowledge, only two studies has attempted
to investigate the functional neural correlates of insight in
FTD using FDG-PET and SPECT (McMurtray et al., 2006;
Ruby et al., 2007). Ruby et al. showed that lack of insight into
social impairments was associated with decreased metabolic
activity in the left temporal pole in bvFTD. No neural corre-
lates were detected, however, for insight impairments in
other domains examined (i.e. changes in personality, empa-
thy, behavior), although the accompanying questionnaire
showed insight deficits across all those domains. The SPECT
study by McMurtray et al. found instead that overall loss of
insight was associated with hypoperfusion in right frontal
lobe regions. This frontal involvement is also seen in func-
tional neuroimaging studies in healthy, young participants,
who show consistent activations of the ventromedial prefron-
tal cortex regions during self-evaluation or self-judgment
tasks (van der Meer et al., 2010). The same region is known to
be affected in bvFTD from an early disease stage (Seeley
et al., 2008) and has been implicated in other behavioral dis-
turbances in bvFTD, notably disinhibition (Hornberger et al.,
2011). Surprisingly, however, no study to date as addressed
whether specific grey matter atrophy region in neurodege-
nerative conditions are related to insight loss. Identification
of such atrophy regions would have large implications for
clinical and diagnostic purposes, in particular in conditions
such as FTD with prevailing insight loss.

This study aimed to address several outstanding issues by:
(1) employing a novel insight questionnaire, which encom-
passes social, emotional, cognitive and disease domains; (2)
comparing insight across a large number of FTD patients
with different subtypes (bvFTD, SD, PNFA); (3) comparing
the FTD patients insight deficit with two related conditions
(AD, LPA); and (4) exploring the grey matter correlates of the
different insight domains using voxel-based morphometry.
Our predictions were that, similar to previous studies, FTD
patients would show different profiles of insight deficits
across domains, with bvFTD showing the most severe defi-
cits. On current evidence it is likely that SD would also show
deficits, while PNFA patients should have virtually no loss of
insight, once LPA patients are excluded from this group.
Finally, we hypothesized that ventromedial prefrontal cortex
atrophy would correlate with insight deficits, mirroring func-
tional neuroimaging studies in the healthy.

METHODS

Case Selection

A total of 81 patients participated comprising of 24
bvFTD, 18 SD, 13 PNFA, 15 AD, and 11 LPA patients.

r Neural Correlates of Insight in FTD and AD r

r 617 r



Patients were sourced from the FRONTIER Dementia
Clinic (Sydney, Australia) and INECO Dementia and
Memory Clinic (Buenos Aires, Argentina) databases. FTD
patients met current consensus FTD criteria with insidious
onset, decline in social behavior and personal conduct, emo-
tional blunting and loss of insight (Neary et al., 1998; Ras-
covsky et al., 2011), while AD patients fulfilled NINCDS-
ADRDA criteria for probable AD (Tierney et al., 1988). All
patients underwent general cognitive screening with the
Addenbrooke’s Cognitive Examination (ACE-R) (Mathura-
nath et al., 2000, Mioshi et al., 2006) to determine their over-
all cognitive functioning. The ACE-R is a 100 point
evaluation that assesses five cognitive domains: attention/
orientation, memory, fluency, language and visuospatial.
Behavioral disturbances in the patients were assessed via
the Cambridge Behavioral Inventory Revised (CBI-R). The
CBI-R is an 81 item questionnaire that assesses cognitive,
behavioral and affective symptoms as well as activities of
daily living and evaluates various functional/behavioral
domains using a five-point rating scale (Wear et al., 2008).
The research study was approved by the Human Ethics
Committees of the Central and South Eastern Sydney Area
Health Services and The Universities of Sydney and New
South Wales and complies with the statement on human
experimentation in the Declaration of Helsinki.

Insight Questionnaire

All patients completed a 28-item insight questionnaire
while their primary caregiver completed a complimentary
version (i.e., with items rephrased to reflect carer rather
than patient perspective). The 28-items were divided into
five subscales: social interaction, emotion, diagnosis/treat-
ment, language and motivation/organization. Those spe-
cific subscales were selected on the typical impairment in
FTD patients and thus the questionnaire differs from pre-
viously established insight questionnaire for other demen-
tia. The social interaction sub-items were inquiring about
social interaction in general, as well as saying or doing
inappropriate things, thus tapping into social appropriate-
ness and inhibitory functioning. The emotion subscale tar-
geted in particular empathy by asking whether there were
any problems with sympathizing with other people or
understanding other people’s emotions. The diagnosis/
treatment section asked specifically whether there is a
brain condition and whether this warrants seeing a medi-
cal professional. The language subsection asked about dif-
ficulties of expressing oneself but also finding the right
words and understanding other people. Finally, motiva-
tion/organization inquired about how motivated, organ-
ized, and well planned people are. Each item requiring a
yes/no (i.e., agreement/disagreement) response to a given
statement (e.g. ‘‘I believe I have a brain condition’’).

The insight questionnaire was validated using Rasch
analysis (Bond and Fox, 2007). To verify construct validity,
items were included if they fit the recommended limits of

infit and outfit values (MNSQ 0.60 to 1.49 and Z 2 to 2).
Mean infit statistics (M ¼ 0.99; Z ¼ �0.1, SD ¼ 1.0) and
outfit statistics (M ¼ 1.04; Z ¼ 0.2, SD ¼ 0.41) confirmed
that, overall, this choice of items produced a smooth con-
tinuum without outliers. To verify unidimensionality,
which is a trait that assures that the scale is measuring
one construct only, in this case insight, a principal compo-
nent analysis (PCA) of the residuals was performed. This
produced good Eigen values for the five contrasts (1.2–
3.0). The raw variance explained was 38.54%, which was
very close to the desired 50%. Further comparison of posi-
tive and negative loaded variables confirmed the unidi-
mensionality of the scale. Test consistency was 0.94,
virtually reaching the desirable Cronbach < 0.95. The item
separation index of the scale was 4.05, which was close to
the desired level of 3.0. Concurrent validity was done via
comparison of insight discrepancy scores with discrepancy
scores (carer-patient) on the CBI-R, which showed great
relationship (r ¼ 0.984; P < 0.001).

Discrepancy scores were calculated by subtracting the
caregiver’s scores (i.e., overall and for each subscale) from
those of the patient resulting in three types of scores: (1) neg-
ative (i.e., caregiver perceives greater deficits in the patient
than the patient themself); (2) neutral (i.e., patient and care-
giver agree on presence/absence of impairments); and (3)
positive (i.e., patient perceives greater impairments than
caregiver). Thus, if a patient response was actually accurate
(e.g., if the patient claimed their social interaction was normal
because there was in fact no impairment), the carer’s
response would presumably agree (i.e., the carer would also
describe patient social interaction as normal) and a 0 discrep-
ancy score would be awarded, indicating intact insight. Sub-
scores for each of the five subscales were calculated by
adding all answers for each subscale. The overall insight
scores is the sum of all subscale discrepancy scores.

Imaging Acquisition

A subgroup of 50 Sydney based patients underwent
structural neuroimaging, which comprised 13 bvFTD, nine
SD, eight PNFA, 13 AD, and seven LPA patients All
patients underwent the same imaging protocol with
whole-brain T1 and DTI-weighted images using a 3T Phi-
lips MRI scanner with standard quadrature head coil
(eight channels). The 3D T1-weighted sequences were
acquired as follows: coronal orientation, matrix 256 � 256,
200 slices, 1 � 1 mm2 in-plane resolution, slice thickness 1
mm, TE/TR ¼ 2.6/5.8 ms. Importantly, the neuroimaging
cohort did not differ significantly from the main cohort (n
¼ 81) on any demographic or insight measures.

Voxel-Based Morphometry (VBM) Analysis

3D T1-weighted sequences were analyzed with FSL-
VBM, a voxel-based morphometry analysis (Ashburner
and Friston, 2000; Good et al., 2001) which is part of the
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FSL software package http://www.fmrib.ox.ac.uk/fsl/
fslvbm/index.html (Smith et al., 2004). First, tissue seg-
mentation was carried out using FMRIB’s Automatic
Segmentation Tool (FAST) (Zhang et al., 2001) from brain
extracted images. This resulted in tissue segmentation of
(i) grey matter, (ii) white matter, and (iii) CSF via a hidden
Markov random field model and an associated Expecta-
tion-Maximization algorithm. The FAST algorithm also
corrected for spatial intensity variations such as bias field
or radio-frequency inhomogeneities in the scans, resulting
in partial volume maps of the scans. The resulting gray
matter partial volume maps were then aligned to the Mon-
treal Neurological Institute standard space (MNI152) using
the nonlinear registration approach using FNIRT (Ander-
sson et al., 2007a,b), which uses a b-spline representation
of the registration warp field (Rueckert, et al., 1999). The
registered partial volume maps were then modulated (to
correct for local expansion or contraction) by dividing
them by the Jacobian of the warp field. The modulated

images were then smoothed with an isotropic Gaussian
kernel with a standard deviation of 3 mm (FWHM: 8 mm).
Finally, the statistical analysis was performed by employ-
ing a voxel-wise general linear model. Significant clusters
were formed by employing the threshold-free cluster
enhancement (TFCE) method (Smith and Nichols, 2009).
The TFCE method is a cluster-based thresholding method
which does not require the setting of an arbitrary cluster
forming threshold (e.g. t,z < 4), instead it takes a raw statis-
tics image and produces an output image in which the
voxel-wise values represent the amount of cluster-like local
spatial support. The TFCE image is then turned into voxel-
wise P-values via permutation testing. We employed a per-
mutation-based non-parametric testing with 5,000 permuta-
tions (Nichols and Holmes, 2002). We build a regression
model with the performance on the insight questionnaire as
the explanatory variable of main interest and disease
severity (CDR) and total intracranial volume (TIV) as cova-
riates. A covariate only statistical model with a [1 0 0] t-

TABLE I. Mean scores (SD) for bvFTD, SD, PNFA, AD and LPA patients on demographics, behavior, and general

cognitive tests

Demographics and
cognitive tests bvFTD SD PNFA AD LPA F

N 24 18 13 15 11 –
Age 63.13 (10.78) 64.11 (9.19) 63.64 (8.43) 64.27 (9.10) 63.64 (8.43) n.s.
Education 11.83 (3.34) 13.10 (3.80) 14.88 (4.27) 12.87 (3.20) 12.82 (3.08) n.s.
Sex (M/F) 18/6 13/5 9/4 12/3 4/7 –
ACE (100) 73.84 (12.60) 60.88 (9.25) 77.64 (10.58) 67.53 (23.20) 61.27 (10.05) **
MMSE (30) 25.55 (3.69) 24.06 (2.51) 26.09 (2.90) 22.07 (7.62) 22.18 (3.54) *
CBI 58.73 (18.81) 45.50 (21.57) 19.33 (11.45) 46.27 (32.89) 33.64 (19.54) ***
CDR 3.53 (2.39) 2.28 (1.77) 1.14 (1.32) 4.83 (2.39) 2.56 (1.40) ***

Note: F values indicate differences across diagnostic groups. n.s. ¼ non significant; *** ¼ P < 0.001; ** ¼ P < 0.01; * ¼ P < 0.05.

Figure 1.

Mean insight discrepancy scores for each insight domain across diagnostic groups. AD ¼ Alzhei-

mer’s disease; bvFTD ¼ behavioral variant frontotemporal dementia; LPA ¼ LPA progressive

aphasia; PNFA ¼ progressive non-fluent aphasia; SD ¼ semantic dementia. Error bars denote

standard error of the mean.
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contrast was used, providing an index of association between
decreasing grey matter volume and lower scores on the
insight measure while taking disease severity and TIV across
patients into account. Differences in grey matter intensity
were considered significant at P < 0.001, False discovery rate
(FDR) corrected for each voxel. In addition, we applied a
threshold of at least 20 contiguous voxels for each significant
cluster to reduce the likelihood of false positive voxels.

Statistics

Using SPSS17.0 (SPSS, Chicago, IL), one-way ANOVA’s
were conducted to compare demographic (i.e. age and
education) and neuropsychological data across diagnostic
groups. A priori, variables were plotted and checked for
normality of distribution by Kolmogorov-Smirnov tests.

Variables revealing non-normal distributions were log
transformed and the appropriate log values were used in
the analyses. Variables showing non-parametric distribu-
tion after log transformation were analyzed via Chi-
square, Kruskal-Wallis and Mann-Whitney U tests. To
account for significant differences in severity, CDR was
entered as a covariate before analyzing insight scores and
performing Tukey post-hoc tests.

RESULTS

Demographics

No significant differences of age, gender and education
were found (P > 0.1). On general cognitive (ACE-R) and
behavioral (CBI) scores group differences were present across

Figure 2.

Voxel-based morphometry analysis showing brain areas which correlate with the overall insight

discrepancy score across patient groups. Clusters are overlaid on the MNI standard brain (t ¼
2.41). Colored voxels show regions that were significant in the analyses for P < 0 .001 FDR cor-

rected and a voxel threshold of 20 contiguous voxels.

TABLE II. Mean discrepancy scores (SD) for carer vs. patient insight evaluation across patient groups (bvFTD, SD,

PNFA, AD and LPA)

Questionnaire subscale bvFTD SD PNFA AD LPA F value across all groups

Social Interaction �1.50 (.28) �.94 (.29) �.11 (.37) �.51 (.36) �.60 (.37) **
Motivation/Organisation �1.97 (.28) �.85 (.28) �.41 (.36) �1.06 (.36) �.71 (.36) **
Emotion �.69 (.20) �.65 (0.20) �.16 (.26) �.48 (.25) �31 (.26) *
Diagnosis/Treatment �.55 (.16) �.16 (.17) �.20 (.21) .07 (.21) �.58 (.21) n.s.
Language �1.05 (.33) �.89 (.33) �.07 (.43) �.67 (.42) �.58 (.43) n.s.
Overall insight �5.75 (.69) �3.48 (.69) �.95 (.88) �2.64 (.87) �2.78 (.89) ***

Note. F values indicate differences across diagnostic groups. *** ¼ P < .001; ** ¼ P < 0.01; * ¼ P < 0.05.
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all tests (all P’s < .05) (Table I). Post-hoc analyses shows that
ACE-R scores differed significantly between bvFTD and SD
(P < 0.05), PNFA and SD (P < 0.05) and PNFA and LPA (P <
0.05) groups, indicating the low scores on this test in the SD
and LPA groups. By contrast, on the CBI, PNFA patients had
the lowest incidence of behavioral dysfunction compared to
all other groups (P’s < 0.01), except for the LPA patient
group. Finally, scores on the CDR revealed the highest level
impairment for AD patients, which differed significantly to
LPA, PNFA, and SD groups (all P’s < 0.05) but not bvFTD (P
> 0.1). The CDR score was therefore employed as a covariate
in all remaining behavioral and imaging analysis to account
for these group differences.

Insight Questionnaire

Mean discrepancy scores for diagnostic groups, shown
in Figure 1 and Table II, were significantly different across

all insight domains. A repeated measures ANOVA
employing the factors of group (bvFTD, SD, PNFA, AD,
LPA), insight domain (social interaction, emotion, diagno-
sis/treatment, language, and motivation/organization,
overall insight), as well as CDR total as a covariate,
revealed a significant interaction of group by domain (P <
0.001). Post-hoc tests showed that groups differed signifi-
cantly for social interaction, emotion, motivation/organiza-
tion and overall insight (all P’s < 0.05) but not the
language and diagnosis/treatment domains. Not surpris-
ingly, bvFTD patients differed on the overall insight score
in comparison to all other patient groups (all P’s < 0.05).
PNFA patients were also significantly less impaired than
SD patients (P < 0.05) but similar to AD and LPA.

More specific group comparisons revealed that bvFTD
patients showed significantly less insight for social interac-
tion in comparison to PNFA and AD patients (all P’s <
0.05) and a statistical trend compared with the LPA group
(P ¼ 0.059). There was no significant difference between
bvFTD and SD patients for this domain. For motivation/
organization, bvFTD patients performed lower than all
groups (P < 0.01), except AD. There were no significant
group differences for the emotion insight domain.

Voxel-Based Morphometry (VBM)

The insight discrepancy scores were entered as covari-
ates in a VBM analysis to reveal areas of brain atrophy
related to their insight performance. In a first analysis,
entering the overall insight score revealed that bilateral
orbitofrontal cortex, as well as right frontopolar cortex at-
rophy covarying with overall insight (Figs. 2 and 3, Table
III).

The overall insight VBM analysis was followed up by
separate VBM analyses using the domains for which there
were significant group differences (social interaction, moti-
vation/organization and emotion). Social interaction
insight covaried with left orbitofrontal cortex, left parahip-
pocampus, right middle temporal gyrus, bilateral insula,
and right amygdala atrophy (Fig. 4 and Table IV). Simi-
larly, motivation/organization insight correlated with
bilateral orbitofrontal, left anterior cingulate, and right
frontopolar atrophy (Fig. 4 and Table V). Deficits in emo-
tion insight were related to bilateral frontopolar atrophy,
right dorsolateral prefrontal cortex, SMA, bilateral anterior
cingulate, and left amygdala (Fig. 4 and Table VI).

In a final analysis, we analyzed all patient groups sepa-
rately across all the domains. However, this analysis
resulted in no significant results.

DISCUSSION

We have shown that insight in FTD patients relates pri-
marily to the degree of atrophy of the ventromedial and
frontopolar prefrontal cortices, with additional contribu-
tions of lateral temporal and amygdala pathology to

Figure 3.

Scatterplot of grey matter (GM) intensity values at (i) orbito-

frontal and (ii) frontopolar peak voxels and overall insight scores

across all imaging participants. Black line indicates a best-fit

linear regression of scores; dashed lines indicate the 95%

confidence intervals of the best-fit linear regression.
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insight deficits in the social interaction and emotion
domains. The degree of insight also varies considerably
across FTD subtypes, with bvFTD patients being the most
and PNFA patients being the least affected. As predicted,
insight deficits in LPA mirrored those in the AD group.

Insight deficits were investigated across groups for the
domains of social interaction, emotion, and motivation/or-
ganization. Overall, the bvFTD patients showed the least
insight into their symptoms across all domains, with social
interaction and motivation/organization revealing the
strongest discrepancies from the evaluations of their
carers. This replicates previous findings in that bvFTD
patients have the most severe insight problems across the
FTD subtypes, as well as compared with AD (Bathgate
et al., 2001; Eslinger et al., 2005a; Rankin et al., 2005). The
largest discrepancies between patient and carer evalua-
tions were for motivation (i.e. apathy) and social interac-
tion. Interestingly, patients retained insight into language
problems which contrasts with a previous report (Salmon
et al., 2008b). For insight into emotional changes, we found
marginal effects.

By contrast, PNFA patients showed the greatest insight.
Indeed, for most domains PNFA patients and their carers
rated symptoms similarly, indicating concordance in the
symptom evaluation. The only prominent negative dis-
crepancy score was observed for the motivation/organiza-
tion domain. Only one prior study has reported insight in
PNFA, which produced similar results in that PNFA
patients showed an insight deficit for the apathy domain
only (Eslinger et al., 2005b). Importantly, previous studies
investigating the language variants of FTD predated the
identification of the LPA syndrome so that an admixture
of PNFA and LPA cases might have affected the insight
deficits in the language FTD patients.

The SD, LPA, and AD groups showed insight discrep-
ancy scores intermediate between the two extremes exhib-
ited by bvFTD and PNFA groups. Interestingly, SD
patients showed the least discrepancy for the diagnosis/
treatment domain, indicating that they were relatively well
aware of their brain condition. They also retained insight
into their most profound deficit (i.e., language and com-
munication) providing strong evidence for the fractiona-
tion of insight. Patients with AD also retained insight into
their diagnosis and rated their need for treatment as high
as their carers. Overall, the level of insight deficit demon-

strated by AD patients was comparable to a previous
report (Eslinger et al., 2005b). Insight in LPA has not been
investigated previously. Overall, the LPA group showed
mild deficits at a level almost identical to that of the AD
group, a finding in accord with recent amyloid ligand PET
imaging has confirmed previous suggestions that LPA rep-
resents a form of focal AD (Leyton et al., 2011b).

Turning to the neural basis of insight, the degree of ven-
tromedial and frontopolar prefrontal cortical atrophy was
shown to be strongly correlated to insight discrepancies
between patients and their carers. At covariance analysis
for overall insight showed a large bilateral cluster in ven-
tromedial/orbitofrontal cortex as well as the left frontopo-
lar region. Similar findings were found for the
motivation/organization insight domain. A potential rea-
son for the latter finding might be that the motivation/or-
ganization discrepancy scores were one of the largest
contributors to the overall insight scores which could

Figure 4.

Voxel-based morphometry analysis showing brain areas which

correlate with the social interaction, motivation/organization and

emotion insight domain scores across patient groups. Clusters are

overlaid on the MNI standard brain (t ¼ 2.41). Colored voxels

show regions that were significant in the analyses for P < 0 .001

FDR corrected and a voxel-threshold of 20 contiguous voxels.

TABLE III. Grey matter atrophy regions correlating with overall insight

Region(s)
Hemisphere

(L/R/B)

MNI coordinates

T-score
(peak voxel)

P-value
(cluster level)X Y Z No. of Voxels

Orbitofrontal Cortex L �16 12 �20 381 2.96 0.998
Orbitofrontal Cortex R 16 20 �20 120 2.96 0.996
Frontal Pole L �6 70 4 20 2.72 0.998
Frontal Pole L �22 70 4 20 2.72 0.994
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therefore have driven the atrophy correlates. Interestingly,
for emotion and social interaction domains only the social
interaction condition correlated with the degree of ventro-
medial prefrontal cortex atrophy. More importantly, the
social interaction condition was related to the lateral tem-
poral lobe which is similar to the FDG–PET findings
reported by Ruby et al. (2007). Emotion insight correlates
revealed an association with bilateral amygdala as well as
more substantial bilateral frontopolar atrophy regions.

Most of these finding can be understood from the stand-
point of what is known about the neural architecture of
self-reflective processes. The ventromedial prefrontal cor-
tex has been implicated across a range of studies in self-
evaluation and insight processing (van der Meer et al.,
2010). For example, functional MRI (fMRI) studies in
healthy and ageing population have revealed that this
region is consistently activated during judgments of self-
performance (Beer et al., 2010; Feyers et al., 2010; Modinos
et al., 2011). Crucially, activity in this region has been
found to correlate with overconfidence in self-evaluations,
indicating that a dysfunction in this region should lead to
an overestimation of abilities (Beer and Hughes, 2010).
Impaired insight in psychiatric populations, and in partic-
ular schizophrenia, has been shown to relate to orbitofron-
tal cortex dysfunction (for a review see Shad et al., 2006).
Similarly, in neurodegenerative conditions, atrophy in
right ventromedial prefrontal cortex has been associated
with poorer self-evaluation (Rankin et al., 2004). The find-
ing also links directly to the theory of mind deficits in
bvFTD patients (Gregory et al., 2002; Lough et al., 2006),
which require the evaluation of intent, feelings and emo-
tional state of another person. Importantly, the ventrome-
dial prefrontal cortex is known to be consistently affected

early in the course of bvFTD (Seeley et al., 2008) which
explains the pervasive insight deficits in this FTD sub-
group. Interestingly, SD and AD patients can also show
ventromedial damage, though to a much lesser degree
than bvFTD, which is reflected in their milder but consist-
ent insight deficits. Finally, PNFA patients have virtually
no ventromedial damage, making them least susceptible to
insight deficits.

Atrophy of the frontopolar cortex was closely related to
virtually all insight domains. The specific function of fron-
topolar cortex is still controversially discussed, as it has
been shown to be involved across a multitude of tasks
(Burgess 2011; Tsujimoto et al., 2011). Nevertheless, activ-
ity in this region has been linked to functional imaging
studies of self-evaluation tasks (Beer et al., 2010) and a
recent study in FTD patients showed that prosocial senti-
ments, such as guilt and embarrassment, correlated with
glucose uptake on FDG-PET in frontopolar cortex (Moll
et al., 2011).

In contrast to these regions which were almost consis-
tently affected across insight domains, two other brain
regions were specifically related to certain insight
domains. Amygdala atrophy was related to emotion
insight deficits but not other insight domains. It has been
known for a long time that the intactness of the amygdala
is crucial for emotion processing (Pessoa and Adolphs,
2010) and that this region is consistently affected in bvFTD
and in SD (Fernandez-Duque and Black, 2005; Rosen et al.,
2002; Snowden et al., 2008). It is less clear why atrophy in
this region would affect emotion insight specifically. This
region may be important for reflecting on emotions by
reinstating emotional states, which is defective in FTD.
Clearly this needs to be further investigated in the future.

TABLE IV. Grey matter atrophy regions correlating with social interaction insight

Region(s)
Hemisphere

(L/R/B)

MNI Coordinates

T-score
(peak voxel)

P-value
(cluster level)X Y Z No. of Voxels

Parahippocampal Gyrus L �28 �8 �36 215 2.72 0.998
Orbitofrontal Cortex L �16 10 �18 145 2.96 0.998
Temporal Gyrus L �44 �58 �6 128 2.96 0.998
Insular Cortex L �46 �12 2 127 2.96 0.998
Temporal Gyrus R 64 �12 �34 118 2.72 0.998
Amygdala R 34 �2 �18 86 2.96 0.998
Occipital Cortex R 28 �58 34 64 2.96 0.998

TABLE V. Grey matter atrophy regions correlating with motivation insight

Region(s)
Hemisphere

(L/R/B)

MNI Coordinates

T-score
(peak voxel)

P-value
(cluster level)X Y Z No. of Voxels

Orbitofrontal Cortex B �10 24 �28 1536 2.96 0.998
Anterior cingulate L �6 44 18 40 2.72 0.996
Frontal Pole R 32 58 4 30 2.57 0.998
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The second region was the lateral temporal lobe which
correlated with social interaction insight deficits specifi-
cally. It is currently unclear what potential contribution of
this region might have to insight problems. Gross changes
in behavior are seen as part of the Klüver-Bucy syndrome
caused bilateral temporal damage (for a review see Olson
et al., 2007) and a recent neuroimaging study linked disin-
hibition to this temporal regions (Hornberger et al., 2011).
A growing body of functional imaging literature suggests
that lateral temporal areas are involved in theory of mind
processing (Saxe and Kanwisher, 2003), which requires
participants to reflect on other people’s intentions (Frith
and Frith, 2010). Our results suggest that these regions are
also engaged for self-evaluation or insight.

In summary, loss of insight varies considerably across
FTD subtypes and insight domains, with bvFTD patients
showing overall the least insight and PNFA patients being
virtually intact. Patients show a fractionation of insight
with least insight into changes in social interaction, moti-
vation, and emotion yet retain insight into language defi-
cits and the fact that they suffer from a brain disease.
Importantly, LPA patients show similar level of insight as
seen in typical AD patients further substantiating the evi-
dence that they belong to the AD spectrum disorders.
Finally, atrophy in ventromedial prefrontal cortex, as well
as frontopolar cortex appear responsible for a loss of
insight in FTD, which complements fMRI findings. More
importantly, there was a fractionation at a neural level
with two regions (ventromedial, frontopolar) being consis-
tently related to insight deficits, whereas two other regions
(amygdala, lateral temporal lobe) were specific for only
certain insight deficits. It is possible to measure insight
and to predict on the basis of brain atrophy patterns
whether insight is likely to be lost or retained. Further
investigations into the role of the non-frontal regions, nota-
bly the amygdala and temporal regions are needed. Longi-
tudinal changes and the impact of disease modifying
therapies will be of considerable interest.
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