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Abstract

Objective Behavioral variant frontotemporal dementia (bvFTD) and theory of mind (ToM) have common neuroanatomical
aspects. This pilot study analyzed the qualitative features of ToM relatively to the site of prefrontal atrophy, aiming to identify
a neurobehavioral pattern of bvFTD.

Method Fourteen bvFTD patients were compared with 14 healthy subjects with similar age, years of schooling, gender distri-
bution, and social background. The faux pas task (FPT) measured the recognition and comprehension of faux pas (FP) and
awareness of the factual details on 20 stories. Magnetic resonance assessed prefrontal atrophy.

Results The bvFTD patients were significantly impaired in FP recognition and comprehension and in attribution of non-existent
FP. Qualitative analysis revealed five types of errors: misidentification of characters, misidentification of emotions, excessive
cohesiveness to the factual context, delusional interpretations, and non-responses. The FPT recognition and comprehension
scores were unrelated to story factual details or other neuropsychological performance. Conversely, the FP comprehension scores
related to disease duration, the delusional errors to disease duration and prefrontal orbital atrophy, and the cohesiveness errors to
age and prefrontal dorsolateral atrophy.

Conclusions In bvFTD, ToM is characterized by misinterpretation of mental states and concrete thinking, which is related to
disease severity and distinct areas of prefrontal atrophy. This neurobehavioral pattern may be a marker for bvFDT.
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ability contributes to predictions of others’ behavior and to
maintaining appropriate flexible social conduct [20, 21].
Therefore, it is likely that impaired ToM explains changes in
personality and behavior in bvFTD or other neurodegenera-
tive disorders [22]. The components of ToM are distinguished
into the recognition of affective and epistemic mental states
(e.g., knowledge, opinions, desires, and intentions) [23] . The
amygdala [24, 25], prefrontal medial and inferior cortex [26,
27], orbital cortex [27, 28], superior temporal sulcus,
temporoparietal junction [29], basal ganglia [30], and cerebel-
lum [31] are linked to ToM, although the role played by each
region remains unclear.

Compared with AD patients, bvFTD patients showed im-
pairments at first- and second-order false beliefs, faux pas (FP)
recognition, and eye reading, relating to frontal medial and
dorsolateral atrophy, psychopathological symptoms, and per-
severations [32]. Compared with healthy subjects, they were
impaired at eye reading and FP tests involving emotion recog-
nition [33] or at cartoon ToM tests [34], while, in comparison
with primary aphasia patients, they were impaired in lie and
joke-related tests, and these deficits correlated with social di-
lemma recognition [35]. In patients with bvFTD, ToM revealed
consistent defects across different tasks and patient groups [19]
and it was unrelated to other cognitive defects [36]. However,
some neuroimaging and clinical analyses showed no associa-
tion between ToM impairment and bvFTD [6]. Previous studies
also suggested that ToM involves intelligence [37], memory
[38], language [39], and executive functions [40] (i.e., working
memory, maintaining crucial information online until the rep-
resentation or interpretation of a mental state has been complet-
ed, and the inhibition of interference caused by reality and one’s
own perspective) [37, 38, 41-43], but, in patients with amyg-
dala [24, 44] or frontal lobe damage [26, 28, 45], it was inde-
pendent of executive deficits. Task content and demand may
affect the performance, as the faux pas task (FPT) [28, 32, 46] is
more difficult than other tests, while the use of shortened ver-
sions or summary scores in bvETD patients means that some of
ToM aspects are missed [32, 33].

In sum, bvFTD and ToM have common neuroanatomical
substrates but the level of ToM, as expressed by task scores,
showed inconsistent relationships with frontal lobe atrophy
and did not clarify the epistemic and affective components
or qualitative features of ToM. Still open questions include
which components of ToM may be affected in bvFTD relating
to particular areas of frontal lobe atrophy. This pilot study was
aimed at determining qualitative features, analyzing the errors
characterizing ToM impairment. Secondarily, we explored the
relationship between these features and disease progression,
the severity of dementia, and areas of prefrontal atrophy. We
hypothesized that damage to the orbital cortex would impair
the comprehension of mental states, while damage to the dor-
solateral cortex would impair the ability to disengage one’s
own perspective from the factual context. ToM would be
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independent from other cognitive functions but is related to
disease progression.

Method
Subjects

Fourteen patients with bvFTD [1, 4] were selected on the basis
of concordant magnetic resonance imaging (MRI) findings
[7], the absence of aphasia and psychiatric or brain-related
disturbances, and an ability to cooperate in performing the
tests. The Clinical Dementia Rating (CDR) [47] indicated var-
ious degrees of dementia. Fourteen healthy subjects with sim-
ilar age (#=0.042, p = 0.96), years of schooling (= 0.054,p =
0.95), gender, and social background (urban, rural) were en-
rolled from the hospital visitors (Table 1).

Imaging

The signs of bvFTD on MRI were asymmetric frontal lobe
atrophy in the ventromedial and dorsolateral prefrontal cortex,
extending into the anterior-superior temporal lobe; atrophy of
the anterior cingulated gyrus; atrophy of the head of the cau-
date nuclei (enlargement of the frontal horn of the lateral ven-
tricle); and abnormal signal intensity in the subcortical white
matter of the frontal and temporal lobes [7]. In accordance
with Galton et al. [32] and Gregory et al. [48], all of the images
were evaluated by visual analysis assigning a score of 0—4
proportional to the volume of the prefrontal cortical areas.
The radiologist was unaware of the clinical diagnosis. The
anatomical landmarks of the cortical areas were identified in
accordance with Tamraz and Comair’s guidelines [49]. The
evaluation of the orbital area was made on MRI coronal cuts
parallel to the posterior commissural-obex line,
comprehended from the frontal pole to the level of the optic
channel, and included the rectus and orbital gyri. The dorso-
lateral area was evaluated on sagittal cuts passing through the
sylvian fissure, extending to the surface of the frontal lobe and
insula; the posterior border of this region was the precentral
sulcus and the cuts included the inferior, middle, and superior
frontal gyri (Fig. 1).

Theory of mind assessment

The FPT [28] requires the recognition of FP in 20 stories,
assessing competences that are usually demonstrated success-
fully by age 9-10 [28, 32]. It is more comprehensive than
other tests because it requires distinguishing intentional and
non-intentional actions and multiple perspectives, thus mak-
ing it possible to determine the appreciation of false beliefs,
emotional states, and intentions and the exclusion of false
recognitions. Impaired attention and working memory could
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Table 1 Subjects” demographic

and clinical characteristics bvFTD patients Healthy subjects
Females/males 6/8 6/8
Schooling (years) 11.14 + 3.37 (8-17) 11.07 + 3.58 (8-17)
Age 56.79 + 14.92 (23-75) 56.57 + 12.05 (29-73)

Disease duration (years)
Clinical Dementia Rating

271 + 1.64 (1-7) -
1.68 + 0.53 (1-3) -

Ranges appear in parentheses

bvFTD, behavioral variant frontotemporal dementia

interfere with patients’ ability to hold a large amount of infor-
mation in mind, while poor mental flexibility and excessive
cohesiveness to the physical details of the story could under-
mine their ability to take another’s perspective and to

a

v
Fig. 1 Magnetic resonance aspects of behavioral variant frontotemporal
dementia. a Coronal fluid—attenuated inversion. Recovery (FLAIR) im-
age at the level of the orbital frontal area shows cortical atrophy and mild
abnormal signal intensity more pronounced in the rectus and orbital gyri
on the left side. b Sagittal T1-weighted image at the level of the prefrontal

dorsolateral region shows severe cortical atrophy in the inferior and mid-
dle frontal gyri

appreciate the social relations. For these reasons, we deviated
from a prior synthetic FP approach that indicated the severity
of the deficits but did not account for the possible effect of
poor recall of contextual information, false recognitions, and
the type of errors that may be revealed by detailed analysis of
all comprehension responses [32, 33].

Each story was read aloud by the examiner, while the text
remained in front of the subject who could read it again when-
ever necessary. After reading, the subjects were asked the
recognition question: “Did anyone say something they
shouldn’t have said?” If they answered “yes,” they were
asked four comprehension questions (“Who said something
they shouldn’t have said?”, “Why shouldn’t he/she have said
what he/she did?”, “Why did he/she say that?”, “How did he/
she feel?”) to assess their identifying the character making the
FP, judging the behavioral inadequacy, distinguishing inten-
tional behavior, and recognizing emotions. A control question
was asked at the end of each story check in order to verify that
the subject had understood the factual details. The FPT pro-
vided separate scores for recognition of the presence or ab-
sence of a FP, response to the comprehension questions, and
awareness of the factual details; each score ranged from 0 to
10 (1 point attributed to each correct response); a total com-
prehension score was also computed.

The errors made by the bvFTD patients on the FPT stories
were determined by evaluating their responses to the compre-
hension questions. Different errors were defined with reference
to behavior aspects: poor comprehension, initiative and mental
flexibility, flat affectivity, scarce or no adherence to reality, and
paranoid-like inference such as self-projection into a story, sus-
picious comments, attribution of mental states that have no
basis in reality, and cohesiveness to factual or physical details.

Other neuropsychological tests

The Digit and Corsi’s Blocks span, short story, Token, phone-
mic and semantic word fluency, Raven’s Colored Progressive
Matrices, Tower of London, Weigl’s Sorting, Trail Making B,
and Attentive Matrices tests assessed verbal and visuospatial
memory span, episodic memory, verbal comprehension, ini-
tiative and fluency, abstract reasoning, planning, set shifting,
and attention [7].
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Data analysis

Given the exploratory nature of the study and necessity to look
at the FPT in its entirety, all items were considered for exam-
ination of the study hypotheses. In order to determine the
specificity of ToM performances, different analyses were
used. The influence of the working memory was directly ad-
dressed by assessing the responses to the FPT control ques-
tions and comparing patients with normal (one or no incorrect
response) or impaired control scores. The correlations be-
tween ToM and other cognitive functions were assessed by
Spearman tests. Separate Mann-Whitney tests compared pa-
tients” and controls” FPT scores, setting the significance limit
for six pairwise comparisons at p < 0.008 (Bonferroni’s cor-
rection), and the other test scores, setting the significance limit
for 11 pairwise comparisons at p < 0.004. The consistency of
different errors with the FPT scores was assessed by the
Spearman correlation. The demographic (age, schooling, gen-
der) and disease-related variables (disease duration, CDR
score, orbital and dorsolateral prefrontal atrophy) related to
ToM were assessed by Spearman tests.

Results
Comparisons of neuropsychological performance

Compared with the controls, the bvFTD patients were signif-
icantly impaired at the neuropsychological tests, except for
Digit span (Table 2).

With respect to the controls, the bvFTD patients were sig-
nificantly impaired in FP recognition, comprehension of false
beliefs, emotional mental states, and intentions and non-FP

exclusion, and had lower FP and non-FP control scores
(Table 3).

Correlations between theory of mind and other
cognitive functions

In the bvFTD patients, the FP recognition and non-FP
exclusion scores negatively correlated (rho=—-0.65, p=
0.012), whereas they showed no correlation with the com-
prehension scores. Mann-Whitney tests (U =19 to 24,
p>0.50) confirmed the lack of a difference in ToM be-
tween the patients with normal FTP control scores (FP
recognition 7.71 £ 2.21, first question 4.86 £ 2.41, second
question 3.86 * 2.54, third question 2.57 £ 2.22, fourth
question 3.57 £ 2.99, non-FP exclusion 4.71 £ 3.40) and
those with low FPT control scores (FP recognition
8.29 £ 1.38, first question 5.29 £ 2.69, second question
4.57 £ 2.52, third question 3.14 £ 3.43, fourth question
3.71 £ 2.98, non-FP exclusion: 6.00 £ 3.41). None of the
FPT recognition or comprehension scores correlated with
the control question scores (tho=0.06 to 0.32, p>0.50).
There was a mild correlation between the second (rho =
0.61, p=0.021) and fourth comprehension scores (rho =
0.57, p=0.034) and semantic word fluency, and between
the third comprehension score and short story (rho =0.55,
p=0.043).

In the healthy control subjects, the FP recognition scores
significantly correlated with the first (tho=1, p <0.001),
second (rtho=0.74, p=0.002), and fourth comprehension
scores (rho=0.63, p=0.015), while the non-FP exclusion
score had no significant correlation with the Digit span
(rho =0.55, p=0.028) and Attentive Matrices scores (tho =
0.61, p=0.02).

Table 2 Mean
neuropsychological test scores in

behavioral variant frontotemporal
dementia patients and healthy
subjects

Neuropsychological tests bvFTD patients Healthy subjects ~ Mann-Whitney tests
Raven’s Colored Progressive Matrices (0-36)  22.57 + 5.01 3121 +435 U=20, p<0.001
Weigl’s Sorting test (0—15) 5.50 +2.63 11.36 +2.24 U=38.5, p<0.001
Tower of London (0-36) 13.70 + 6.05 26.00 + 4.03 U=1, p<0.001
Trail Making test B 385.64+188.72  112.00+46.71 U=13.5,p<0.001
Attentive Matrices (0—69) 4393 +10.52 5536 +4.71 U=25,p=0.001
Word fluency (phonemic) 17.93 +10.41 36.14 + 12.34 U=20, p<0.001
Word fluency (semantic) 22.14 +9.55 40.50 + 6.12 U=11, p<0.001
Token test (0-36) 30.46 + 4.32 34.29 + 1.54 U=40, p=0.007
Digit span 529 +0.99 6.07 + 1.07 NS

Corsi's Blocks span 4.07 +1.07 5.57+0.85 U=28, p=0.001
Short story (0-28) 7.35 + 4.88 15.71 + 3.86 U=28, p<0.001

The neuropsychological tests column reports the score ranges (in parentheses) except for the tests that have no
established maximum scores. Higher scores indicate better performances, except for Trail Making Tests A and B

bvFTD, behavioral variant frontotemporal dementia
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Table 3  Mean faux pas task scores in behavioral variant frontotemporal dementia patients and healthy subjects

FPT performances bvFTD patients Healthy subjects Mann-Whitney tests
FP recognitions 8.00 + 1.79 9.71 + 0.46 U=40, p=0.004
Non-FP exclusions 536 +3.34 9.79 + 0.57 U=18.5,p<0.001
Comprehension question 1 “Who said something they should not have said?” 5.07 +2.46 9.71 + 0.46 U=4,p<0.001
Comprehension question 2 “Why should not he/she have said what he/she did?” 421 +2.60 9.57 + 0.64 U=3.5, p<0.001
Comprehension question 3 “Why did he/she say that?” 2.86 +2.79 893 +1.38 U=17.5, p<0.001
Comprehension question 4 “How did he/she feel?” 3.64 +2.87 9.50 + 0.51 U=3.5, p<0.001
FP control questions 8.50 + 1.91 10 + 0.00 U=42,p=0.001
Non-FP control questions 8.79 + 1.62 10 + 0.00 U=35,p=0.001

bvFTD, behavioral variant frontotemporal dementia; FP, faux pas; FPT, faux pas task

Error analysis

The bvFTD patients correctly recognized an FP in 113
(81%) of the 140 FP stories and incorrectly attributed an
FP (false recognition) in 53 (46%) of the 140 non-FP stories.
The comprehension questions asked after presentation of
these 166 stories identified the following errors: (a) non-
response or incorrect person identification at the first ques-
tion (“Who said something they shouldn’t have said?”)
(e.g., an offense was attributed to the victim of the FP); (b)
non-response or cohesiveness-related (i.e., an explanation
based on factual or physical details, in the absence of atten-
tion to the social context) or delusional responses (i.e., re-
dundant or abnormal interpretation of the events, with attri-
bution of mental states in the absence of a basis in reality,
such as attribution of non-existent bad intentions or fiendish
aims) to the second (“Why shouldn’t he/she have said what
he/she did?”) and third question (“Why did he/she say
that?”); and (c) non-response or incorrect identification of
emotions in reply to the fourth question (“How did he/she
feel?”). The errors tallied by the examiner during the eval-
uation were blindly checked by another neuropsychologist,
with 95% inter-rater agreement. The appendix presents
some typical errors. Table 4 summarizes the distribution of
different errors from the 113 FP stories.

There was high consistency, as an index of structural va-
lidity, between the qualitative errors and the FPT recognition

Table 4  Percentage of various error types committed by the behavioral
variant frontotemporal dementia patients

Error types FP stories Non-FP stories
Incorrect person identification 41 100
Cohesiveness related 71 61

Delusional 48 46
Non-response 32 84

Incorrect emotion identification 59 100

FP, faux pas

and comprehension scores. Incorrect person identifications
negatively correlated with three comprehension scores (first
rho =—0.66, p =0.009; second rho =—0.57, p = 0.03; fourth;
rho =—0.65, p =0.01), the delusional responses to the second
question with the second (tho =—0.54, p =0.047) and fourth
question scores (tho=—0.53, p =0.05), the non-responses to
the third question with all question scores (first tho =—0.68,
p=0.007; second tho=—0.65, p=0.01; third tho=-0.72,
p=0.003; fourth rho=-0.66, p=0.01), and the non-
responses to the fourth question with the fourth question score
(tho=—0.53, p=0.05).

The non-FP exclusion score was negatively associated with
the number of incorrect person identifications (tho=—0.98,
p <0.001). On the contrary, no type of FP error was associated
with the FPT control question scores or other neuropsycho-
logical test scores.

Correlations of ToM impairments

Among the patients, the FPT recognition, exclusion, compre-
hension, and control scores did not show any relationship to
the demographic or clinical variables, except for the first com-
prehension score which was negatively associated with dis-
ease duration (tho=—0.55, p =0.043).

For the FP stories, the number of delusional responses to
the second question correlated with the degree of orbital pre-
frontal atrophy (rho=0.64, p=0.015) and disease duration
(rho=0.54, p=0.044). For the FP and non-FP stories, the
number of delusional responses to the third question correlat-
ed with the degree of orbital prefrontal atrophy (rtho=0.57,
p=0.032).

The number of cohesiveness-related responses to the sec-
ond question correlated with age (rho=0.66, p=0.01) for
the FP stories and with the degree of dorsolateral prefrontal
(tho=0.60, p=0.025) for the non-FP stories. The total
number of cohesiveness-related responses significantly cor-
related with the degree of dorsolateral prefrontal atrophy
(tho =0.60, p =0.0023).
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Discussion

This study analyzed the qualitative features of mental state
attribution in bvFTD. The results suggest that ToM impair-
ments represent a specific dysfunction related to disease
progression.

ToM was marked by the attribution of non-existent mental
states and altered comprehension of intentionality. Unlike
healthy subjects, these patients showed no association be-
tween recognition and comprehension of mental states,
highlighting that, even when they accurately recognized a
FP, they could not appreciate intentionality, unintentionality,
behavioral appropriateness, or affective tonality within a so-
cial context.

Qualitative analysis showing delusional and cohesiveness-
related errors, person misidentification, and altered emotional
state recognition, which are congruent with bvFTD-related
behavior, may reflect different mechanisms. The delusional
beliefs may indicate the attribution of mental states in the
absence of a factual basis in reality or confusion between one’s
own and others’ mental states, as these patients often projected
the story contents into their own personal experience.
Incorrect person identification reveals confusion about mental
states and interpersonal relations. Impaired emotional states
identification may reflect either an impairment in the general
capacity to understand mental states or an alteration of emo-
tion processing [25, 27]. These aspects are in keeping with the
random interpretation of mental states in real-life contexts,
self-centeredness, lack of attention concerning the situation
of others, and poor social tact, which, especially in the early
stages of bvFTD, may mistakenly lead to psychiatric diagno-
sis [6].

The cohesiveness-related errors may indicate poor ideation,
abstraction, or mental flexibility, as they were closely related
to the factual or physical aspects of the stories. Clinically,
these patients often did not understand information as distinct
from the immediate context or directly reacted to the external
stimuli. This type of failure may correspond to an impaired
disengagement from concrete situations, also expressed by
compulsive utilization actions in the overt bvFTD stages.
Therefore, the delusional responses appear to pertain to ToM
and can be distinguished from the cohesiveness-related re-
sponses that more likely pertain to the executive domain.
The non-responses may reflect specific ToM alterations or
scarce initiative.

The delusional responses and altered identification of char-
acters in the FP stories related to disease duration, suggesting a
relationship between ToM impairment and disease progres-
sion. The delusional responses also related to the degree of
orbital prefrontal atrophy, but showed no association with the
dorsolateral prefrontal atrophy, strengthening the role played
by the orbital prefrontal cortex in ToM [27, 28]. Moreover, our
data specify that the orbital prefrontal cortex is important to
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one ToM competence: understanding if others’ mental states
correspond to reality. The cohesiveness-related responses cor-
related with the atrophy of the dorsolateral prefrontal cortex
and age that are relevant to executive functions [38, 50].

Patients with and without difficulties in keeping in mind
factual details of the FPT stories showed similar ToM impair-
ments, suggesting that their attribution of mental states was
independent from the working memory. Moreover, no type of
ToM error or FPT scores related to the control question or
other neuropsychological test scores indicated limited or no
influence for set shifting, divided attention, planning, lan-
guage, and memory on ToM. On the contrary, there was high
consistency between the errors and the FP recognition and
comprehension. These results provide evidence that ToM is
a specific domain, as observed in Asperger’s syndrome or
amygdala or frontal lobe damage [24, 26, 28, 44, 45].

Given the problems inherent in testing multiple associa-
tions in a small patient sample, a number of chance results
could be expected as false positives. This was addressed by
strict selection criteria, non-parametric statistics, and adjusting
the significance level in relation to the number of variables.
Findings were reinforced by the use of matched controls and
error analysis involving a large number of items. Strict diag-
nostic criteria and prototypical cerebral atrophy provided a
reliable basis for brain-behavior correlations, cooperating to
define ToM in typical bvFTD cases. A pathological control
group (e.g., AD) could extend the qualitative analysis of ToM.

To conclude, in bvFTD, impaired ToM is multifaceted and
proportional to disease progression. Being in line with clinical
hallmarks, the results of error analysis expands the ToM pat-
tern of this disorder. The qualitative analysis used in this study,
showing aspects related to prefrontal atrophy, may be a basis
to develop a neurocognitive model to be employed in patients
with neurodegenerative disorders in which ToM impairment
can occur.
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