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Abstract Introduction: Patients affected by the behavioral variant frontotemporal dementia (bvFTD)
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frequently experience, at a delayed onset, abnormal eating behavior involving increased food intake.
Although delusional food-related symptoms have attracted much attention, the behavioral and neural
features of food aversion manifestations in bvFTD remain poorly documented.
Methods: We describe the rare case of a patient with bvFTD presenting with lack of interoception for
swallowing and digestion, coupled with a dramatic food aversion at onset. We also compared his MRI
scan to 84 healthy individuals using a voxel-based morphometry approach.
Results: We found gray matter density reductions involving the postcentral gyrus bilaterally, insulae,
and right medial orbitofrontal cortex.
Discussion: Our results shed new light on the behavioral and neuroanatomical features of food aver-
sion and interoception deficits in bvFTD, suggesting that besides orbitofrontal cortex, also a distrib-
uted system associated with interoception might play a role in such behavioral manifestation.
� 2018 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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1. Introduction

Frontotemporal dementia (FTD) embraces a broad spec-
trum of behavioral disorders, categorized in three main phe-
notypes: a behavioral (bvFTD), semantic, and language
variants [1,2]. The bvFTD is one of the most common
manifestations of FTD, and according to the recently
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revised diagnostic criteria [3], at least three of six core symp-
toms should be present. There are some earlier manifesta-
tions concerning (1) behavioral disinhibition, (2) apathy or
inertia, (3) loss of sympathy or empathy, (4) perseverative
or compulsive behavior, and other later symptoms such as
(5) executive dysfunctions and (6) hyperorality or dietary
changes.

The phenomenology of eating disturbances in bvFTD is
complex and poorly documented. Patients with bvFTD
may show increased food intake with pathological sweet
preference, altered flavor processing, swallowing
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Table 1

Results of the neuropsychological and neuropsychiatric evaluations

Test MT’s score

Neuropsychological assessment

Mini-Mental State Examination 20*

Attentional Matrices 41

Trail Making Test

A 92*

B 324*

Digit Span

Forward 4

Backward 2*

Corsi Span 4

Phonemic fluency 5*

Semantic fluency 24

Naming Test 57

Free and Cued Selective Reminding

Immediate recall 10*

Delayed recall 3*

Sensibility index 0.92

Rey Complex Figure Copy

Copy 34

Delayed recall 3.5*

Neuropsychiatric Inventory

Delusions F 5 5; S 5 3; D 5 5

Agitation/aggression F 5 2; S 5 2; D 5 3

Depression/dysphoria F 5 2; S 5 2; D 5 3

Anxiety F 5 4; S 5 3; D 5 4

Apathy/indifference F 5 4; S 5 3; D 5 5

Motor disturbance F 5 2; S 5 2; D 5 3
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difficulties, and hyperphagia [4]. Marked hyperphagia is
specifically distinctive of bvFTD [5]. Such symptoms may
cause an increase in weight in patients with bvFTD, who pre-
sent with a higher body mass index compared with other
types of dementia [6]. Evidence on the neural correlates of
such symptoms is scarce. It has been shown that pathological
sweet preference and increased food consummation could be
associated with a right hemisphere dysfunctional networks
involving the insula and frontostriatal regions [5,7,8].

If on the one hand much attention has been paid to
“productive” food-seeking behaviors, food aversion with
weight loss have rarely been studied [4,9], and its neural
correlates are currently unknown. Thompson et al. [10]
have described two cases of food aversion in frontotemporal
lobar degeneration. Notably, their patients were affected by
semantic dementia, and food-related symptoms appeared at
a late stage of the pathology. Respectively at 7 and 5 years
from onset, the patients presented with symptoms-like
anorexia and bulimia nervosa. The neuroanatomical pattern
has not been reported.

Here, we describe an intriguing case of a patient with
bvFTD presenting with a food aversion at onset, involving
interoceptive self-awareness concerning food intake and
digestion, coupled with a dramatic weight loss. The case is
summarized, and possible neuroanatomical correlates
discussed [11].
Appetite/eating F 5 4; S 5 3; D 5 5

NOTE. For the Neuropsychiatric Inventory subscores, the F stands for

frequency, S for severity, and D for distress of the symptomatology.

*A clinical deficit.
2. Methods

2.1. Case report

MT is a 55 year-old man, with 13 years of education. In
March 2015, he was diagnosed with bvFTD. The patient
showed symptoms involving the cognitive (executive and
attentional dysfunctions) and affective-emotional domains
(diminished social interest, apathy, and low empathy). At
the neurological examination, no focal symptomswere found,
including no signs of dysphagia (Gugging Swallowing Screen
[GUSS]). At the neuropsychological assessment, MT showed
executive (cognitive flexibility, phonemic fluency, working
memory), attentional (both sustained and divided), episodic
(no hippocampal amnesic syndrome), and visuospatial mem-
ory deficits (see Table 1). At the Neuropsychiatric Inventory,
his wife indicated the presence of delusions, anxiety, agita-
tion, wandering, and appetite/eating disorders (see Table 1).
In particular, for the appetite/eating dimension, his wife re-
ported a loss of appetite and a severe weight loss. Intriguingly,
he claimed to be unable to perceive “food in his stomach,” and
therefore he supposed to be unaware of his sense of satiety.
Furthermore, MT referred a lack of self-perception of swal-
lowing and “digestion.” These behavioral signs were coupled
with severe anxiety and obsessive thoughts concerning food
and eating that caused the significant body weight loss. The
patient claimed: “I could not feel food in my stomach” or “It
does not seem to me that I have had lunch.” Besides, his
wife referred that he manifested with severe anxiety and
intense anticipatory fear regarding the subsequent lack of
perception for food digestion: “What if I cannot feel any-
thing?” or “What if I will not be able to swallow my meal?”
declaring “I am never hungry” to possibly avoid eating at
mealtime. The patient did not show abnormal eating behavior
such as putting too much food in his mouth at once, either a
change in food preference. He also did not develop eating be-
haviors such as eating the same types of food each day or
eating the food in the same order.

2.2. Neuroimaging

The patient underwent two high-resolution volumetric
MRI T1-weighed examinations (collected over 1-year
period). The MRI scans were performed on a 1.5-T GE Signa
scanner. A high-resolution T1-weighted anatomical scan was
acquired using a 3D-SPGR sequence (flip angle 5 20�,
TE 5 2.92 ms, TR 5 9.16 ms, acquisition matrix: 256 !
256; slice thickness 5 1 mm, interslice gap 5 0 mm, and
voxel size 5 1 ! 1 ! 1 mm). The volumetric MRI scans
included 150 slices acquired on oblique sections parallel to
the AC-PC line to cover the entire brain volume.

Data were analyzed using Statistical Parametric Mapping
(SPM8, http://www.fil.ion.ucl.ac.uk), with an optimized
voxel-based morphometry (VBM) protocol. The analyses
were based on segmented, modulated, 10 ! 10 ! 10 mm
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smoothed, gray matter scans. The patient’s MRIs were
compared to the data of 84 healthy controls (age range:
18–84; mean age: 38.4 years) scanned with the same MRI
protocol. A voxel-by-voxel comparison of gray matter den-
sity was performed using the t-statistics after removing the
effect of global gray matter estimates using proportional
scaling, the effect of the age of the participants being covar-
ied out. The two scans of the patient were modeled sepa-
rately in the design matrix. We describe only results
meeting either a voxel-level P , .05 family-wise error
rate–corrected threshold or a P, .001 uncorrected threshold
belonging to clusters significant at P, .05 family-wise error
rate corrected for their spatial extent.
3. Results

At a clinical level, the MRIs did not show any signs of
gray matter density alterations. We then analyzed the two
MRI scans using VBM. MT showed significant gray matter
density reductions involving the dorsal medial subdivision
of the postcentral gyrus bilaterally (X 5 212; Y 5 234;
Z 5 49; z-score 5 5.9; X 5 14; Y 5 222; Z 5 42;
z-score 5 4.2), the insulae (X 5 45; Y 5 3; Z 5 3;
z-score 5 4.9; X 5 244; Y 5 27; Z 5 7; z-score 5 4.7),
and right medial orbitofrontal cortex (X 5 10; Y 5 70;
Z 5 28; z-score 5 4.6) (see Fig. 1).
4. Discussion

Patients with bvFTD commonly experience productive
symptoms involving increase in appetite, binges, or overeats
Fig. 1. Areas of significant reduction of gray matter density (P, .05 cluster correc

averaged VBM gray matter template. The last two points of the data plots represe

points are derived from 84 healthy controls.
at mealtime [4]. As a consequence, superior calories intake
and weight increase in bvFTD compared with other types
of dementia have been reported [5]. These symptoms may
appear later with the evolution of the pathology and
progress at a higher rate four years after the onset [12]. To
our knowledge, this is the first case of lack of interoception
for swallowing and digestion with a decreased food intake
and weight loss at onset in a patient with bvFTD.

On the basis of the VBM results, one might speculate that
MT’s dramatic food-related behavioral signs are the result of
dysfunctions involving specific brain networks. We found
gray matter density reductions in the insula, a region
typically associated with the representation of the one’s
own body and interoceptive self-awareness [13,14].
Furthermore, reductions of the medial orbitofrontal cortex
may explain the patient food aversion. It has been
previously demonstrated that such brain area is involved in
food intake and food reward [15]. Finally, the lack of percep-
tion of food swallowing could be due to the selective atrophy
found in the postcentral gyri. Indeed, neural activity in the
dorsal medial somatosensory cortices, in stereotactic coordi-
nates almost identical to our foci of gray matter reduction,
has been reported during swallowing perception in an
fMRI study on healthy subjects [16].

So far, there are only a few available studies using the
VBM approach, which have specifically investigated only
delusional eating disturbances in FTD. Pathological sweet
preference and hyperphagia have been associated with atro-
phy of the posterolateral orbitofrontal cortex bilaterally,
right anterior insula, and anterolateral orbitofrontal cortex
bilaterally [7]. Another study has shown that overeating
ted; forming cluster threshold P, .001) overlapped on a 3D rendering of an

nt the data points of the two MRI examinations in MT. The preceding data
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behavior in six patients with FTD was associated with atro-
phy of the insular, and the orbitofrontal-striatal circuit in the
right hemisphere [8]. Only one recent study has demon-
strated that increased calories intake in patients with bvFTD
was correlated with a decrease in gray matter density in the
cingulate cortices, inferior temporal structures extending
posteriorly, the thalami, right hippocampus, right cere-
bellum, occipital cortex, and lingual gyrus [5]. In this back-
ground, we complemented previous findings confirming the
role of the insula and orbitofrontal cortex in eating distur-
bances in bvFTD.We further suggested that other brain areas
involved in interoception might play a role in bvFTD symp-
toms.

Interoception influences cognition more deeply than hith-
erto considered, and its role in the neurobiological changes
occurring in bvFTD has been recently discussed [17]. Van
den Stock and Kumfor [17] have proposed a multiple do-
mains deficit framework for bvFTD involving interoception,
emotion, and social cognition. The authors have hypothe-
sized that the degeneration of insular regions may underlie
the neuropsychological deficits at these cognitive domains,
usually present in patients with bvFTD. Interestingly, it
has also been demonstrated that patients with other variants
of FTD (e.g., semantic dementia) may present with the
inability to identify bodily sensations. Gan et al. [18] have
shown that somatic symptoms are misinterpreted in these pa-
tients, inducing a persistent concern about somatic sensa-
tions. Equally, in other pathological populations,
interoceptive awareness deficits were associated with diffi-
culties in recognizing emotions from internal bodily sensa-
tion (alexithymia) [19]. In this vein, the present case
provides further evidence for the multiple domains deficit
account, as MT presented with interoceptive and emotional
dysfunctions, with reduced gray matter in the insulae.
Together with the explicitly verbalized interoception defi-
cits, the patient was less affectionate and lacking in emotions
when compared with his usual self, and lost interest in
friends and family members. It is also interesting to note
that given the lack of interoception, onewould expect the pa-
tient to gain weight. In fact, although interoception deficits
have been found in both anorexia and obesity, they have
been recently demonstrated to negatively correlate with the
body mass index [20]. In our case, the patient lost weight
probably due to anticipatory anxiety and obsessive thoughts
related to the act of nutrition.

The origin of eating disturbances in bvFTD remains to be
clarified, and although limited to a single case study, our re-
sults add another piece to the puzzle, informing on possible
behavioral and neuroanatomical alterations in food aversion
symptoms in bvFTD.
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RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the litera-
ture using traditional (e.g., PubMed) sources and
meeting abstracts and presentations. Although food
aversion and interoception in patients affected by
the behavioral variant frontotemporal dementia
(bvFTD) are not yet as widely studied, like other as-
pects of FTD, there have been a few publications
describing food seeking in FTD. These relevant
works are appropriately cited.

2. Interpretation: Our results shed new lights on the
behavioral and neuroanatomical features of food
aversion and interoception deficits in bvFTD, sug-
gesting that besides orbitofrontal cortex, also a
distributed system associated with interoception
might play a role in such behavioral manifestation.

3. Future directions: The manuscript offers a frame-
work for conducting additional studies on the behav-
ioral and neural correlates of food aversion in
patients with bvFTD and the generation of new hy-
potheses on the origin of eating disturbances in
bvFTD, further emphasizing the role of interoceptive
deficits.
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