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Abstract

Background Eating abnormalities are one of the core symptoms of frontotemporal dementia (FTD), especially for behavioral
variant FTD (bvFTD), and semantic variant primary progressive aphasia (svPPA).

Methods A group of FTD patients (43 bvFTD, 29 svPPA) underwent single-photon emission CT (SPECT) to measure the region
cerebral blood flow (rCBF). The Cambridge Behavioral Inventory (CBI) was used to measure the eating abnormalities. A whole-
brain voxel-based correlation between eating abnormalities and rCBF was investigated.

Results In bvFTD, the sweet preference was correlated with decreased rCBF in the bilateral gyrus rectus and temporal pole, and
cating the same food was correlated with the left ventral anterior cingulate cortex. In svPPA, decreased rCBF in the left inferior
temporal gyrus was correlated with eating the same food.

Conclusions These findings showed that either different symptoms in the same subtype or the same symptom in different
subtypes of FTD may be correlated with different regions, indicating different neural mechanisms behind them.
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Introduction

Frontotemporal dementia (FTD), also called frontotemporal
lobar degeneration (FTLD), represents a heterogeneous clini-
cal, genetic, and pathological neurodegenerative entity, espe-
cially common in early-onset dementia patients. Behavioral
variant FTD (bvFTD), semantic variant primary progressive
aphasia (svPPA), and nonfluent/agrammatic variant primary
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progressive aphasia (nfvPPA) represent the most frequently
recognized clinical syndromes [1, 2].

Eating abnormalities include alterations in food preference
(especially eating only a particular type of food or sweet food),
appetite, and eating behaviors [3, 4]. Alterations in eating
behavior have previously been observed in 60% of FTD pa-
tients and are one of the core symptoms for the diagnosis of
bvFTD [5, 6]. Although most previous studies focused on
bvFTD, similar symptoms, such as stereotype eating behavior
and increased appetite, have also increasingly been reported in
svPPA patients [7, 8].

As a neurodegenerative disorder mainly affects the behav-
ior, FTLD is a good model to investigate the mechanism of
eating abnormalities, providing insights into the mechanism
of eating abnormalities in other conditions. Previous neuroim-
aging studies have identified a number of areas correlating
with eating abnormalities in FTD. For instance, eating disor-
ders in bvFTD are predominantly correlated with areas of the
frontal lobe, insular cortex, striatum, and hypothalamus [4,
9-12].

Single-photon emission CT (SPECT) is a well-established
functional neuroimaging technique that provides information
on regional cerebral blood flow (rCBF) [13]. The rCBF is
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coupled with regional metabolism. The intensity of neuronal
activity determines the amount of oxygen and glucose which
are provided to each region according to the metabolic activ-
ity. As the rCBF can reflect the neuronal activity, SPECT is
widely used in evaluating the mechanisms of neurological
disorders [14]. Sometimes, the SPECT can be more sensitive
than structural neuroimaging techniques such as magnetic res-
onance imaging (MRI), because functional changes often pre-
cede structural changes. Until now, most neuroimaging stud-
ies have used structural MRI to assess the relationship be-
tween brain structural changes and eating abnormalities. To
our knowledge, no studies have used rCBF to investigate the
association.

Moreover, despite numerous neuroimaging studies on the re-
lationship between eating abnormalities and brain changes, there
have been limited studies clarifying the contribution of rCBF
changes to each component of eating abnormalities [8]. In this
study, we aimed to investigate the correlation between eating
abnormalities and rCBF in bvFTD and svPPA patients using
SPECT with voxel-based whole-brain quantitative analysis.

Methods
Subjects

Forty-seven subjects (43 with bvFTD, 29 with svPPA) were
recruited from memory disorder clinics of China-Japan
Friendship Hospital between 2013 and 2018. All subjects
met current clinical diagnostic criteria for probable bvFTD
and svPPA [2, 5]. The exclusion criteria were as follows:
previous stroke, cerebrovascular disorders, intracranial mass,
or normal pressure hydrocephalus shown by MRI or CT; other
psychiatric disorders including bipolar disorder, schizophre-
nia, or mental retardation meeting the criteria of the DSM-1V;
other significant medical problems (i.e., chronic heart failure
and chronic respiratory insufficiency) potentially leading to
encephalopathy.

Neuropsychological assessment

Subjects were evaluated by a series of neuropsychological
assessments. Cognition was evaluated by the Mini-Mental
State Examination (MMSE) and the Montreal Cognitive
Assessment (MoCA), which focuses more on executive func-
tion than the MMSE [15]. The FTD-specific clinical dementia
rating (FTD-CDR) sum of boxes score was used to evaluate
disease severity. Compared with standard CDR, the FTD-
CDR has improved its sensitivity for FTD due to its inclusion
of the behavior and language domains [16].

Eating abnormalities were measured using a caregiver-
based questionnaire: the Cambridge Behavioral Inventory
(CBI). The CBI measures the frequency of a number of
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different everyday activities and was initially developed to
detect unique behavior abnormalities, including eating habits
[17]. The questions related to eating behavior in CBI include
four items: sweet preference (prefers sweet foods more than
before), eating same food (wants to eat the same foods repeat-
edly), overeating (her/his appetite is greater, she/he eats more
than before), and declined table manners (table manners are
declining, e.g., stuffing food into mouth.) Each item is scored
on a 5-point scale by identifying the frequency of each specific
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behavior (“never”, “a few times per month”, “a few times per
week”, “daily”, “constantly”).

This study was approved by the China-Japan Friendship
Hospital, and study procedures were followed in accordance
with the ethical standards of the hospital. Written informed
consent was obtained from all of the subjects prior to any

study procedures.

SPECT scan

SPECT scans were performed 20 min after an intravenous
injection of 30 mCi of 99mTc-ECD, and patients were placed
at rest with their eyes closed. SPECT images were acquired by
a double-headed rotating y-camera (Symbia, Siemens,
Germany) equipped with a low-energy fan-beam collimator.
The images covered a total of 360° and were taken in 6° steps
at a rate of 25 s per frame. The images were displayed in a
128 x 128 matrix (pixel size =3.9 x 3.9 x 3.9 mm, slice thick-
ness =3.9 mm). Then the continuous transaxial images were
reconstructed, followed by a back projection with a
Butterworth filter (cutoff, 0.4 cycle/pixel; order 5). The atten-
uation correction was done with Chang’s attenuation correc-
tion method.

SPECT analysis

The spatial preprocessing and statistical analysis of all SPECT
images were performed using SPM12 (Wellcome Department
of Cognitive Neurology, Institute of Neurology http://www.
fil.ion.ucl.ac.uk/spm) implemented in the MATLAB version
R2018a (MathWorks Inc., Sherborn, MA). All SPECT images
were spatially normalized with the Montreal Neurological
Institute (MNI) template and reformatted to a voxel size of
2 x 2 x 2 mm. To control the individual variation, the cerebel-
lar cortex was chosen as the reference region for the intensity
normalization. The images were smoothed using a Gaussian
filter (12-mm full width at half maximum [FWHMY]) prior to
statistical analysis, in order to increase the signal-to-noise ratio
and minimize the individual anatomical variations.

The unbiased whole-brain voxel-based correlations were
analyzed using a general linear model (GLM) method in the
bvFTD and SD groups separately. The score of each CBI
subscale was entered in a multiple regression model to
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Table 1 Demographics, clinical scores, and CBI results

Characteristic bvFTD (N=43) svPPA (N=29) P

Age at evaluation, years 70.63 +1.60 69.66 + 1.58 0.6789
Disease duration, years 3.12+0.39 3.38+0.47 0.6684
Gender, male % 27, 62.8% 11, 37.9% 0.0544
Education, years 11.28 +0.66 11.55+0.76 0.7887
MMSE 21.42+0.83 19.59+£0.90 0.1477
FTD-CDR, sum 8.81+0.75 7.45+£0.98 0.2640
CBI eating abnormalities, total 7.12+0.61 5.86+0.83 0.2168
Sweet preference 2(1,4) 1(0,3) 0.0258
Eating same food 2(0,3) 2(0,4) >0.9999
Overeating 1(0,3) 0(0,4) 0.5859
Declined table manners 0(0,3) 1(0,2) >0.9999

bvFTD behavioral variant frontotemporal dementia, svPPA semantic variant primary progressive aphasia, MMSE Mini-Mental State Examination, F7D-
CDR frontotemporal dementia specific clinical dementia rating. CB/ Cambridge Behavioral Inventory

identify the brain areas correlated with rCBF. Age, gender,
and disease duration were included as nuisance variables.

Statistical analysis

Statistical analyses were performed using SPSS (v. 17.0,
Chicago, IL, USA). Kolmogorov-Smirnov tests were used to
determine the suitability of variables for parametric analyses.
Normally distributed continuous variables were expressed as
means + standard deviation (SD). Medians (interquartile
range) were used for abnormally distributed continuous vari-
ables. For normally distributed variables, group comparisons
were performed using Student’s ¢ test for continuous variables
and the chi-square test for categorical variables. Due to their
non-normal distribution, group differences in CBI scores in
each subdomain were analyzed using nonparametric the
Mann—Whitney test (p < 0.05 was regarded as significant).

In voxel-based analysis by SPM, the results were consid-
ered statistically significant at peak-level threshold p < 0.001
and corrected for multiple comparisons on the voxel level
(p <0.05, family-wise error), in conjunction with a cluster
filter of 50 voxels. All significant results were listed with the
cluster size, brain regions, the Brodmann area (BA) involved,
the MNI coordinates, the peak ¢ and z values, and the FWE-
corrected p value. The significant clusters were overlaid on the
Montreal Neurological Institute standard T1-weighted MRI
using MRIcroGL (http://www.mccauslandcenter.sc.edu/
mricrogl/).

Results
Table 1 shows the demographic data, neuropsychological test

results, and CBI eating behavior scores of the bvFTD and
svPPA groups. The bvFTD and svPPA groups were

comparable in age, gender, disease duration, education, and
general cognitive assessment, but bvFTD patients had a sig-
nificantly higher score on the NPI. The bvFTD group had a
higher score in preference for sweets than the svPPA group.
However, no significant difference in the total CBI score or
subdomain scores was found between the two groups.

The results of voxel-based correlation analysis of SPECT
images are shown in Table 2 and Fig. 1. We found a negative
correlation between rCBF and the preference for sweet food
and same food in a number of cortical and subcortical areas.
The areas that were significantly correlated with the sweet
preference included the bilateral gyrus rectus and temporal
pole (Fig. 1A). In bvFTD, the preference for the same food
was negatively related with the rCBF in the left ventral ante-
rior cingulate cortex (ACC; Fig. 1B). The left inferior tempo-
ral gyrus was found to be negatively correlated with the pref-
erence for the same food in svPPA (Fig. 1B). No positive
correlation was found. Our analysis did not show any signif-
icant cluster correlated with the other domains of the CBIL.

Discussion

In this exploratory study, we described the characteristics of
eating abnormalities in bvFTD and svPPA and provided an
insight into the related rCBF change. Eating abnormality is
considered an important behavior symptom in FTD [7, 8,
18-20]. In our study, both bvFTD and svPPA patients showed
prominent eating abnormalities, such as sweet preference and
stereotypic eating. Sweet preference was the most prominent
change in bvFTD, while stereotypic eating was the prominent
change in svPPA. No significant differences in increased ap-
petite or abnormal table manners were found between the
bvFTD and svPPA patients.
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Table 2 Significant clusters of negative correlation between CBI score and rCBF
Region Peak location MNI Cluster size 7 max Zmax p (FWE-corr)
coordinate
X y V4
bvFTD Sweet preference Left temporal pole (BA 38) -38 18 -36 165 4.839 4245 0.0097
Bilateral rectus gyrus (BA 11) 6 26 -28 96 4.614 4.085 0.0166
Right temporal pole (BA 38) 46 14 -26 195 4305 3.861 0.0330
Eating same food Left anterior corona radiate —18 22 26 245 4.726 4.165 0.0143
left ventral anterior cingulate cortex (BA 24)
svPPA  Eating same food Left inferior temporal gyrus (BA 20) -50 —24 -32 184 5.735 4.508 0.0066

p (FWE-corr) family-wise error corrected p value at voxel level, BA Brodmann area, bvFTD behavioral variant frontotemporal dementia, svPPA semantic

variant primary progressive aphasia

Most previous studies used the Neuropsychiatric Inventory
(NPI) or Frontal Behavioral Inventory (FBI) to conduct an
overall assessment of eating abnormalities; however, they
did not specifically characterize the different components of
eating behavior [19-22]. The CBI, which includes four spe-
cific components of eating disorder, is considered a suitable
short screening questionnaire for detecting specific eating ab-
normalities. It has to be noted that as caregiver questionnaires
might be limited by overestimates or underestimates, an ob-
jective and reliable method for quantifying eating abnormali-
ties is needed in the future.

In the voxel-based morphometry (VBM) correlation
analysis, we found that the hypoperfusion in a number of
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€

Fig. 1 Significant clusters of the negative correlation between rCBF and
each CBI score. (A) The areas significantly correlated with sweet
preference in bvFTD included the bilateral temporal pole (BA 38) and
bilateral gyrus rectus (BA 11) (red). (B) The areas significantly correlated
with eating the same food in bvFTD included the left ventral ACC (BA
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cortical and subcortical regions correlated with eating ab-
normalities. For bvFTD, we identified a link between
sweet preference and the decreased rCBF in bilateral gyrus
rectus and temporal pole, which was consistent with pre-
vious structural studies [10, 11]. The orbital frontal cortex
(OFC), including the gyrus rectus, was reported to be re-
lated to processing of rewards and disinhibition [23, 24].
The sweet preference in bvFTD may suggest that there is
either an increase in the rewarding value of sweet food or
an increase in the impulsiveness for sweet food. Moreover,
as the temporal lobe is associated with semantic process-
ing, the sweet preference in bvFTD may be related to the
impaired semantic processing.

24) and left anterior corona radiata. Red and blue indicate bvFTD and
svPPA, respectively. rCBF regional cerebral blood flow, CBI Cambridge
behavior index, bvFTD behavioral variant frontotemporal dementia,
svPPA semantic variant primary progressive aphasia, L left, R right
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Interestingly, when it comes to the preference for the same
food, the related regions were different between the bvFTD
and svPPA groups, suggesting different mechanisms behind
the same symptoms in different subtypes. The right ventral
ACC was found to be involved in bvFTD. A previous study
suggested that the OFC and ACC play an important role in the
emotional behavior, leading to obsessive—compulsive disorder
[25]. Though we did not find an association between the OFC
and eating the same food, the bilateral OFC would be involved
with a less strict threshold (p < 0.005, uncorrected). In the
svPPA, eating the same food was found to be correlated with
the left temporal pole, which is the key region of semantic
processing. It can thus be suggested that stereotyped eating
might be related to stereotyped or compulsive behavior in
bvFTD and related to semantic impairment in svPPA.
However, as the sample size of the svPPA group was small,
the conclusions need to be interpreted with caution.

In contrast to previous findings, we did not find any asso-
ciation between changed rCBF and increased appetite. This
inconsistency may be partly due to the differences in specific
tests used to measure eating abnormalities. Compared with
quantitative methods for measuring eating abnormalities, the
5-point scale CBI questionnaire makes neuroimaging analysis
more difficult [7]. Additionally, the mechanisms of eating ab-
normalities in FTD might be multifactorial. It is possible that
some components of eating abnormalities are more sensitive
to the reduction of rCBF than others, which suggests the pos-
sibility of a different neural mechanism correlated with each
component of eating disorder.

One limitation of our study was that due to it being a ret-
rospective study, the partial volume correction (PVC) could
not be performed because of the lack of 3D-T1 MRI. As it is
well known that reduced rCBF has an impact on brain struc-
ture, the lower rCBF in a voxel-based framework could be
amplified by the underlying reduced gray matter density,
which should be accounted for by PVC. The inclusion of
MRI-based PVC will be necessary in the future. The low cost
of SPECT still makes it an attractive choice in developing
countries, as the imaging cost of MRI is still prohibitive for
some patients.

Conclusions

Our findings suggest that the eating abnormalities in bvFTD
and svPPA are correlated with a reduction of tCBF. The bilat-
eral gyrus rectus is a key region associated with a preference
for sweets in bvFTD. Eating the same food is correlated with
the left ventral ACC in bvFTD and correlated with the left
inferior temporal gyrus in svPPA. Either different symptoms
in the same subtype in FTD or the same symptom in different
subtypes may be correlated with different regions, indicating
different neural mechanisms behind them.
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