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of the ARQ in discriminating patients from HC, genetic cases from HC and patient groups
among each other was tested via ROC analyses.

Results: In the whole FTD cohort, CATS-A proved to be underpinned by a mono-
component factor (51.1%) and was internally consistent (McDonald's @ =0.76). Moreover,
the ARQ converged with the SET (r(122)=0.50; p<0.001) and optimally discriminated
HC from both the whole cohort (AUC=0.89) and each clinical syndrome (AUC range:
0.83-0.92). Conversely, CATS-A subtests were able to distinguish patient groups.
Conclusions: The ARQ score from the CATS-A distinguishes FTD clinical syndromes from

HC with high accuracy, making it an excellent tool for immediate use in clinical practice.

KEYWORDS
CATS-A, comprehensive affect testing system, emotion recognition, frontotemporal degeneration,

FTD

INTRODUCTION

Social cognition refers to how people perceive, interpret and re-
spond to social information, including others' thoughts, emotions
and behaviours [1]. Among the subdomains of social cognition, so-
cial perception encompasses the recognition of familiar faces and
the recognition of emotions from the face, body, voice and prosody
[1]. Throughout the lifespan, people typically devote more time to
observing faces than any other type of object [2], and even new-
born infants show a preference for looking at face-like patterns over
other configurations, indicating that infants are born with some in-
nate understanding of facial structure [3]. Moreover, the ability to
comprehend another person's feelings has played a pivotal role in
evolution. Rapidly recognizing emotions such as fear or disgust in
others provides vital information that can enhance survival chances.
The ability to link specific patterns of facial muscle contractions to
distinct emotions is an inherent and universal feature in humans, un-
affected by cultural differences [4].

Deficits in social cognition have been amply demonstrated in
frontotemporal dementia (FTD), particularly in the behavioural vari-
ant of FTD (bvFTD), as an early marker of neurodegeneration [5,
6]. Impairment in social perception, particularly the misrecognition
of negative facial emotions, has been extensively documented in
bvFTD [7] and across the entire spectrum of FTD disorders [8], in-
cluding progressive supranuclear palsy (PSP) [9], primary progres-
sive aphasia (PPA) [10] and amyotrophic lateral sclerosis (ALS) [11].

Thetools used to detect social perception deficitsin FTD typically
include paradigms for recognizing facial identity, identifying emo-
tions from facial expressions, voice and prosody, matching similar
emotional faces and interpreting emotions expressed through body
postures [12-14]. Although these tools are commonly used, specific
cut-offs for the FTD spectrum and each clinical phenotype have
not yet been established [13]. In this context, the Comprehensive
Affect Testing System (CATS) [15] includes facial affect recognition
(AR) tasks utilizing the static Ekman and Friesen faces. This bat-
tery is easy to administer in this population as it requires only brief
and straightforward instructions, along with simple vocal or motor

responses. Due to the length of the full version of the CATS, an ab-
breviated version of the battery (CATS-A) has been implemented,
which focuses on the two domains of AR and prosody recognition.
CATS subtests have been successfully used in detecting AR failure in
bvFTD [16, 17], as well as in other FTD variants [8, 11, 18].
Therefore, the present study aimed to assess the clinical usabil-
ity of the AR subtests of the CATS-A within the FTD spectrum by
establishing specific AR cut-off scores for this population in Italy. For
this purpose, we administered the following CATS-A subtests: affect
discrimination (AD; 12 trials in which the patient is required to state
whether two presented faces express the same or different emo-
tions), name affect (NA; six trials in which the patient is required to
select, among seven possible choices, the emotional label that best
describes the emotion expressed by the target face), select affect
(SA; six trials in which the patient is required to select, among five
faces, the one that best reflects the target emotional label), match
affect (MA; 12 trials in which the patient is required to select, among
five possible facial affect pictures, the one expressing the same
emotion of the face target) and the Three Faces Test (3FT; 24 trials
in which the patient is required to select, among three facial affect
pictures, the two faces that express the same emotion). Finally, we
also administered a non-AR subtest, the identity discrimination (ID;
12 trials in which the patient is required to state whether two pre-

sented faces represent the same or a different person).

METHODS

A total of 343 patients with a suspected diagnosis of FTD-related
disorders were prospectively enrolled at five referral clinics in
Lombardy, Italy, and referred to IRCCS San Raffaele Hospital in
Milan between May 2017 and November 2022. Among them, we
selected patients who: received a clinical diagnosis of an FTD clini-
cal variant (i.e. probable bvFTD [6], probable nonfluent [nfvPPA]
or semantic [svPPA] variants of PPA [19], PSP [20] or semantic
behavioural variant of FTD [sbvFTD] [21]); performed clinical and
neuropsychological assessments including an evaluation of AR with
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CATS-A; and gave consent to be screened for known pathogenic
mutations (i.e. C9orf72, GRN, MAPT, FUS, TREM2, TARDBP and
SOD1). The final cohort included 139 FTD patients (60 bvFTD, 21
svPPA, 17 nfvPPA, 13 sbvFTD and 28 PSP). Seventy-four patients
(35 bvFTD, 10 nfvPPA, 10 svPPA, 14 PSP and 5 sbvFTD) also un-
derwent lumbar puncture to exclude cerebrospinal fluid biomarker
(CSF) profile suggestive of Alzheimer's disease pathology, as part of
their diagnostic work-up [22].

One hundred sixteen healthy controls (HC) were recruited by
word of mouth among subjects unrelated to the patient population.
They underwent a neurological and neuropsychological assessment
which included the CATS-A. All controls were recruited based on the
following criteria: no family history of neurodegenerative diseases,
and normal neurological and cognitive assessment.

Exclusion criteria for all subjects were as follows: medical illnesses
or substance abuse that could interfere with cognitive functioning; any
(other) major systemic, psychiatric or neurological illnesses; and (for
patients only) other causes of focal or diffuse brain damage, including
lacunae and extensive cerebrovascular disorders at a routine MRI.

Standard protocol approvals, registrations and patient
consents

Local ethical standards committee on human experimentation ap-
proved the study protocol and all participants provided written in-

formed consent.

Clinical evaluation

Clinical evaluations were performed by experienced neurologists.
For all patients, disease severity was assessed using the CDR plus
NACC FTLD [23] and independence with basic (ADL) and instrumen-
tal activities (IADL) of daily life [24, 25].

Cognitive and behavioural assessment

In all patients, AR was evaluated using the CATS-A [15], which inves-
tigates different aspects of emotion processing through the Ekman
pictures of facial affect, depicting the six basic emotions. From this
battery, we administered the following subtests: ID, AD, NA, SA, MA
and 3FT. By following the original version of the CATS-A [15], we
obtained specific scores (i.e. number of correct answers) for each
CATS-A subdomain; furthermore, by summing the scores of all af-
fect recognition subtests (all subtests except for CATS-A ID), we ob-
tained the total score of affect recognition quotient (ARQ).

The following cognitive functions were also investigated, as
previously described: [26] global cognitive functioning, verbal and
spatial memory, attention and executive functions, language, vi-
suospatial abilities and behaviour. Full details are provided in the
Appendix S1.

Statistics

Patients and controls were compared on continuous sociodemo-
graphic, clinical and neuropsychological measures via linear models
followed by Tukey-corrected post hoc comparisons. When com-
paring neuropsychological measures, age, education and sex were
entered as covariates. Chi-square tests were employed for between-
group comparisons on categorical variables, followed by standard-
ized residual-based a posteriori decompositions (with cells yielding a
z-transformed residual 2|2.87|, i.e. the critical value associated with
the Bonferroni-adjusted significance level, being deemed as signifi-
cantly contributing to the omnibus effects).

Within the whole patient cohort, CATS-A scores proved to
distribute Normally—as indexed by skewness and kurtosis values
<|1] and 3], respectively [27], as well as by the absence of visual
abnormalities in variable histograms and quantile-quantile plots.
Accordingly, linear model analyses were employed when addressing
CATS-A measures.

Internal reliability, factorial validity and convergent
validity

In the whole patient cohort, internal reliability and factorial validity
of the CATS-A were tested via McDonald's » and principal compo-
nent analysis (PCA), respectively. Accordingly, convergent validity
of the ARQ was tested against the total score of the Story-Based
Empathy Task (SET) via a Pearson's correlation coefficient; within
this analysis, in the aim of covarying for executive and receptive
language deficits, Frontal Assessment Battery (FAB) and token test

scores were partial led out.

Affect recognition disease-specific cut-offs and
diagnostics

Disease-specific cut-offs were derived for each CATS-A subscore and
the ARQ via a two-step procedure. First, CATS-A AD, NA and ARQ
scores were adjusted for significant demographic confounders ac-
cording to the normative equations previously derived by Castelnovo
and colleagues [28]. In this study, the same norming approach [28, 29]
was also employed to derive the adjustment equation for the CATS-A
ID (a subtest not included in the previous work [28]).

Second, in the aim of identifying disease-specific cut-offs, a se-
ries of receiver-operating characteristics (ROC) analyses were run
on either raw or demographically adjusted CATS-A scores to dis-
criminate both the whole FTD cohort and each patient group—that
is the positive states—from HC. ROC analyses were also run to dis-
criminate the genetic FTD cohort (g-FTD) from HC, and the genetic
bvFTD (g-bvFTD) cases from HC.

Optimal cut-offs were then identified at Youden's J statistic
solely for those CATS-A scores yielding an acceptable AUC value
(i.e. 20.70) [29] within ROC analyses. These cut-offs were computed
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for discriminating HC both from the whole FTD cohort and from
each patient group, from g-FTD, and from g-bvFTD. Diagnostic
metrics—that is sensitivity (Se), specificity (Sp), positive and nega-
tive predictive values (PPV; NPV) and likelihood ratios (LR+; LR-)—
were computed at the Youden's J statistic itself. Additionally, in
order to evaluate the overall diagnostic quality of these cut-offs,
the Summary Utility Index (SUI) was computed as the following:
(Se*PPV)+(Sp*NPV); with values <0.97 suggesting an overall ‘poor’
diagnostic performance, values >0.98 suggesting an overall ‘accept-
able’ (‘adequate’) diagnostic performance, and values 21.28 suggest-
ing an overall ‘good’ diagnostic performance [30].

Case-case discrimination

In order to determine whether the CATS-A was able to discriminate
between different FTD phenotypes, its total and subtest scores
were entered into a series of linear models addressing each patient
group as the predictor. In the aim of these analyses, CATS-A scores
were demographically adjusted whenever necessary. Based on the
significant different CATS-A scores, ROC analyses were performed
on either raw or demographically adjusted CATS-A scores for dis-
criminating patient groups among each other, the g-FTD from spo-
radic FTD (s-FTD), and the g-bvFTD from sporadic bvFTD (s-bvFTD).
Optimal cut-offs were then identified only for those CATS-A scores
yielding an acceptable AUC value (i.e. 20.70), as reported above.

Software

Analyses were run via IBM® SPSS® Statistics 29 (IBM Corp., 2023),
jamovi 2.3 (https://www.jamovi.org/) and R 4.1 (https://cran.r-proje
ct.org/). Missing data were excluded pairwise. The significance
threshold was set at «a=0.05 and Bonferroni-corrected whenever
adequate.

RESULTS

Table 1 summarizes participants' demographic, clinical and neu-
ropsychological measures.

PSP cases were older than the other groups except for nfvPPA.
BvFTD and PSP patients had lower education than controls.
Nineteen bvFTD (4 C%orf72, 2 MAPT, 1 C9orf72+MAPT, 1 FUS,
9 GRN, 1 TREM2), two sbvFTD (1 MAPT, 1 GRN), three nfvPPA (2
GRN), two svPPA (1 MAPT, 1 GRN) and one PSP (1 GRN) cases had
FTD-related genetic mutations (g-FTD). Among those cases with
available CSF, none presented with an Alzheimer's disease profile.

Compared with controls, all patients performed worse in verbal
and visuospatial memory, abstract reasoning, phonemic and semantic
fluency, verbal comprehension and AR. Additionally, all patients ex-
cept for the sbvFTD group, performed worse than controls in global
cognition, verbal working memory and selective attention. Compared

with controls, only bvFTD and PSP cases performed worse in atten-
tion shifting, facial identification (CATS-A ID) and complex figure
copying, with bvFTD patients also performing worse in problem solv-
ing. Compared with controls, g-FTD and g-bvFTD cases showed lower
performances in all CATS-A subtests (Table S1).

Patient groups were similar in disease duration, executive dys-
functions (FAB), theory of mind, visuospatial abilities and behaviour.
In this latter domain, bvFTD showed more behavioural disturbances
compared with nfvPPA cases only. In general, compared with the
other cases, bvFTD and PSP exhibited the poorest cognitive per-
formance, whereas sbvFTD patients showed the best performance.
The svPPA and sbvFTD groups performed similarly in naming,
single-word comprehension and object knowledge, but in these do-
mains, only svPPA performed worse than nfvPPA patients. Genetic
and sporadic cases performed similarly in all AR subtests, except
for CATS-A AD where g-FTD cohort performed worse than s-FTD
(Table S2).

In patients, CATS-A subscores proved to be underpinned by a
simple, mono-component structure (51.14% of variance explained),
with all subtests substantially loading on the component itself
(range=0.61-0.80), as well as to be internally reliable (McDonald's
o =0.76). Regardless of executive and comprehension subjects' abili-
ties (i.e. FAB and token test scores), the CATS-A ARQ was associated
with the SET global score (r(101)=0.28; p=0.004).

Affect recognition disease-specific cut-offs and
diagnostics

The norming procedure in HC showed that the cubic transform of
age was the sole predictor of CATS-A ID scores (Table 2). CATS-A
AD, MA and ARQ adjustment equations have been previously re-
ported [28].

All CATS-A measures achieved acceptable accuracy in distin-
guishing HC from both the entire FTD cohort and each patient sub-
group, except for CATS-A AD in sbvFTD and svPPA, and CATS-A
ID in sbvFTD, svPPA and nfvPPA cases (Table 3). Cut-offs and di-
agnostic metrics computed for CATS-A measures featured by an
AUC value 20.70 are displayed in Table 4 and Figure 1. According
to SUI values, the ARQ systematically proved to be characterized
by optimal diagnostic performances, both with regard to the whole
FTD cohort and for each patient's clinical syndrome. As to CATS-A
subscores, their diagnostic performance was found to be adequate/
good in the context of the discrimination between HC and both the
whole patient cohort and bvFTD patients, whilst yielding heteroge-
neous findings in respect to the other syndromes. More specifically,
the CATS-A SA showed consistently optimal diagnostic features
across different syndromes, except for svPPA patients; the CATS-A
MA adequately discriminated HC from each patient group but from
svPPA and PSP patients; and the CATS-A 3FT showed an adequate
diagnostic performance in nfvPPA cases (other than bvFTD patients)
and low diagnostic performance in sbvFTD, PSP and svPPA patients.
With regard to their ability to identify sbvFTD, nfvPPA, svPPA and
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TABLE 2 Adjustment equations for selected CATS-A measures.

Adjustment equation

CATS-AID  Adjusted score=raw score+0.000002*((age [3])-270,028)

Abbreviations: CATS-A, Abbreviated version of Comprehensive Affect
Test System; ID, identity discrimination.

PSP patients, CATS-A NA measures did not reach acceptable diag-
nostic performances. Finally, optimal diagnostics were detected as
to the control condition (i.e. the CATS-A ID) in the aim of discrimi-
nating HC from bvFTD and PSP patients, as well as from the whole
FTD cohort.

In discriminating HC from g-FTD and from g-bvFTD, all CATS-A
measures reached acceptable accuracy (Table S3). Cut-offs and di-
agnostic metrics computed for CATS-A measures featured by an
AUC value 20.70 are displayed in Table S4. According to SUI values,
the ARQ systematically proved to be characterized by optimal diag-
nostic performances, both with regard to the whole g-FTD cohort
and to the g-bvFTD group. As to CATS-A subscores, their diagnostic
performance was found to be adequate/good in the context of the
discrimination between HC and both the whole g-FTD cohort and
g-bvFTD patients, except for CATS-A NA and 3FT.

Case-case discrimination

With regard to CATS-A subscores, the CATS-A ID, AD and 3FT were
able to discriminate among different FTD phenotypes (CATS-A AD:
F(134, 4)=2.71; p=0.033; n2=0.08; CATS-A 3FT: F(134, 4)=4.07;
p=0.004;12=0.11; CATS-A ID: F(134, 4)=3.63; p=0.008; 12=0.10),
whilst remaining ones were not (CATS-A MA: F(134, 4)=1.97,
p=0.103; n?=0.06; CATS-A NA: F(134, 4)=0.381; p=0.822;
n2=0.01; CATS-A SA: F(134, 4)=1.61; p=175; n2=0.05). A poste-
riori comparisons revealed that bvFTD patients performed worse
than sbvFTD on both the CATS-A ID (p=0.027; sbvFTD: M=11.22,
SE=0.60; bvFTD: M=9.18, SE=0.44) and the CATS-A AD (p=0.027;
sbvFTD: M=11.26, SE=0.54; bvFTD: M=9.44, SE=0.25), as well as
that nfvPPA patients performed worse than both svPPA (p=0.003)
and PSP (p=0.022) patients on the CATS-A 3FT (nfvPPA: M=8.00,
SE=0.71; svPPA: M=11.5,SE=0.63; PSP: M=10.79, SE=0.55).

As to the ARQ, whilst an omnibus effect of Group was detected
(F(134, 4)=2.82; p=0.027; n2=0.08) Bonferroni-corrected post
hoc comparisons did not reveal any significant between-group
differences.

In discriminating patient groups (bvFTD vs sbvFTD; nfvPPA vs
svPPA; nfvPPA vs PSP) that showed significant differences in some
CATS-A subtests (CATS-A ID, AD and 3FT), all CATS-A measures
reached acceptable accuracy (AUC value 20.70; Table S5). Cut-
offs and diagnostic metrics computed for those CATS-A measures
are displayed in Table Sé6. According to SUI values, these subtests
proved to be characterized by adequate diagnostic performances.

With regard to CATS-A differences between genetic and spo-
radic cases, only the CATS-A AD revealed to have lower scores in

g-FTD than s-FTD patients (p=0.023). However, this subtest did
not reach acceptable accuracy (AUC=0.66; SE=0.06; Cl 95% [0.55,
0.77]) in distinguishing g-FTD patients from s-FTD. Therefore, cut-
offs and diagnostic metrics were not computed.

DISCUSSION

In this study, we established CATS-A subscore cut-offs for an Italian
population of FTD patients, which can distinguish each FTD clinical
syndrome from HC with high accuracy. We demonstrated that this
battery is a powerful tool for detecting changes at the time of FTD
diagnosis, serving as a marker of the disease. Notably, the ARQ con-
sistently showed optimal diagnostic performance across the entire
FTD cohort and within each patient group (range AUC=0.83-0.92),
highlighting the utility of administering the complete CATS-A AR fa-
cial battery for detecting social perception changes in this clinical
population. By demonstrating its applicability in a large sample of
FTD (N=139 cases), this study holds significant value for its clini-
cal applications. Additionally, we provided optimal CATS-A cut-off
values for specifically distinguishing g-FTD and g-bvFTD cases from
HC. These reference values closely matched those observed in the
entire cohort, though CATS-A ARQ cut-off was lower when distin-
guishing g-FTD from HC (see Figure 1), likely reflecting a more se-
vere AR involvement in these patients [31].

Disturbances in social cognition, particularly in emotion recogni-
tion, may contribute to personality and behaviour changes observed
in FTD [32]. Understanding the impairment in emotion recognition
across FTD subtypes will provide insights into the deficits experi-
enced in these clinical syndromes, enhancing clinical diagnosis and
management. Finally, the publication of cut-offs and diagnostic ac-
curacy for the Italian version is also relevant to a broader, non-Italian
audience. Specifically, four of the subitems (CATS-A ID, AD, MA and
3FT) do not rely on verbal mediation, making it reasonable to assume
that the cut-offs and performance could be generalized across dif-
ferent languages.

In FTD cases, we found that CATS-A ARQ correlated with scores
from other measures of social cognition, such as the SET, an Italian par-
adigm examining affective and cognitive theory of mind [33]. Although
significant, this correlation is not strong (r=0.28). This can be explained
by the fact that, whilst related, the two tests assess different dimen-
sions of social cognition: CATS-A evaluates affective recognition,
whilst SET measures the ability of understanding others' intentions and
emotional reactions. However, this relationship was not influenced by
the presence of executive dysfunctions and language comprehension
disturbances, which are symptoms typically exhibited by FTD pheno-
types and that were also observed in this specific population. This is
a crucial point that emphasizes the convergent validity of this battery
and its distinctiveness from other cognitive domains. The question of
whether AR performance is influenced by executive functions or oper-
ates independently from these cognitive processes remains a subject
of debate [34, 35]. To date, several studies indicate early deficits in so-
cial cognition even before executive dysfunctions become apparent in
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TABLE 3 AUC values for CATS-A measures (each patient group TABLE 3 (Continued)
vs. healthy controls).
AUC SE Cl195%
0,
AuC SE Cl95% CATS-A SA 0.85 0.03 [0.80, 0.89]
bvFTD CATS-AMA 0.80 0.03 [0.75,0.86]
CATS-AID 0.85 0.04 [0.78,0.92] CATS-A 3FT 0.80 0.03 [0.75, 0.86]
CATS-ANA 085 0.03 [0.78,0.91] Abbreviations: 3FT, Three Faces Test; AD, affect discrimination;
CATS-ASA 0.88 0.03 [0.82,0.94] ARQ, affect recognition quotient; AUC, area under the curve; bvFTD,
CATS-A MA 0.82 0.03 [0.76,0.88] behavioural variant of frontotemporal dementia; CATS-A, Abbreviated
version of Comprehensive Affect Test System; ClI, confidence interval;
CATS-ASFT 082 0.03 [0.76,0.89] FTD, frontotemporal dementia; ID, identity discrimination; MA,
CATS-AARQ 0.91 0.03 [0.86, 0.96] match affect; NA, name affect; nfvPPA, nonfluent variant of primary
sbvFTD progressive aphasia; PSP, progressive supranuclear palsy; SA, select
CATS-AID 0.60 0.09 0.42,0.77] affect; sbvFTD, semantic behavioural variant of frontotemporal
! ' e dementia; SE, standard error; svPPA, semantic variant of primary
CATS-A AD 0.45 0.09 [0.28,0.62] progressive aphasia.
CATS-A NA 0.86 0.05 [0.76, 0.96]
CATS-A SA 0.96 0.02 [0.92, 1] FTD patients, such as bvFTD [5] and sbvFTD [36], suggesting a unique
CATS-A MA 0.88 0.04 0.80.0.97 and early involvement of social cognitive domain in these conditions. In
[0.80, ]
CATS-A 3FT 0.81 0.06 [0.69, 0.93] addition to executive dysfunction, language disturbances must also be
CATS-A ARQ 0.92 0.03 [0.86,0.98] taken into account to ensure adequate comprehension and production
nfvPPA abilities during these tasks. Similar to the SET, CATS-A addresses this
CATS-A ID 0.62 0.08 0.46,0.78] issue by minimizing the use of verbal stimuli and instead instructing pa-
CATS-A AD 0'71 0.08 [0.56, 0'86] tients to point to the correct picture(s) in response to straightforward
' ' R requests. Indeed, the influence of language appears to be minimal, at
CATS-ANA 077 0.07 [0.64,0.90] least in the case of ARQ scores.
CATS-ASA 0.77 0.07 [0.63,0.92] Importantly, when considering CATS-A subscores, their diagnostic
CATS-AMA 0.85 0.04 [0.77,0.94] efficacy was found to be adequate for distinguishing the entire patient
CATS-A3FT 0.89 0.04 [0.82,0.9¢] cohort and bvFTD patients from HCs, but they produced heteroge-
CATS-A ARQ 0.92 0.03 [0.86,0.98] neous results among other clinical syndromes. Specifically, CATS-A SA
svPPA consistently exhibited optimal diagnostic characteristics across differ-
CATS-A ID 0.69 0.06 [0.56, 0.83] ent syndromes as compared with HCs, except for svPPA patients. In
CATS-A AD 0.60 0.08 [0.45, 0.75] contrast, CATS-A NA measures did not achieve acceptable diagnostic
CATS-A NA 0.76 0.07 [0.64, 0.89] performance for identifying sbvFTD, nfvPPA, svPPA and PSP patients
CATS-ASA 0.80 0.06 [0.69,0.92] when compared to HCs, nor for distinguishing g-FTD and g-bvFTD from
CATS-A MA 073 0.06 0.61,0.84] HCs. These subtests are the only ones that rely on verbal stimuli, spe-
CATSA 3FT 0'72 0.06 [0.61, 0.83] cifically verbal labels for the six basic emotions plus neutral status (joy,
’ ' T fear, disgust, anger, surprise, sadness and neutral). This aspect could
CATS-A ARQ 0.83 0.05 [0.73,0.93] " . .
specifically affect the performance of patients with language compre-
psp hension issues, such as those with PPA, sbvFTD or genetic mutations.
CATS-AID 0.76 0.06 [0.64,0.88] Regarding the accuracy in distinguishing between groups of pa-
CATS-A AD 0.70 0.06 [0.59,0.82] tients, we further observed that the CATS-A ID, AD and 3FT sub-
CATS-ANA 0.84 0.04 [0.75,0.92] tests could discriminate among different FTD phenotypes, whilst
CATS-A SA 0.79 0.06 [0.67,0.91] the remaining subtests could not. Post hoc comparisons revealed
CATS-A MA 0.75 0.05 [0.65,0.86] that bvFTD patients performed worse than sbvFTD patients on both
CATS-A 3FT 0.76 0.05 [0.67, 0.86] the CATS-A ID and AD, and that nfvPPA patients performed worse
CATS-A ARQ 0.85 0.05 [0.76, 0_94] than both svPPA and PSP patients on the CATS-A 3FT. Furthermore,
Whole FTD according to SUI values, these subtests proved to be characterized
CATS-AID 0.75 0.03 (0.70,0.81] by adequate diagnostic performances (see Table Sé for cut-offs).
CATS-A AD 0.70 0.03 [0.63.0.76] Concerning the cognitive functioning of our FTD cases, bvFTD
' ' o and sbvFTD patients exhibited performances at opposite extremes,
CATS-A NA 0.82 0.03 [0.77,0.87]

with bvFTD performing the worst and sbvFTD performing the best
in almost all investigated domains (except for the semantic domain).
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TABLE 4 Disease-specific cut-offs and diagnostic metrics for CATS-A measures.

Cut-off J Se Sp PPV NPV LR+ LR- SUI Interpretation
bvFTD
CATS-AID? <10.538 0.65 0.70 0.95 0.88 0.86 13.53 0.32 1.43 Good
CATS-A AD? <10.131 0.48 0.63 0.85 0.68 0.82 4.98 0.43 1.13 Adequate
CATS-ANA <4 0.55 0.92 0.63 0.56 0.94 2.47 0.13 1.11 Adequate
CATS-ASA <4 0.65 0.73 0.91 0.82 0.87 8.51 0.29 1.39 Good
CATS-A MA? <8.41 0.48 0.82 0.66 0.56 0.88 2.43 0.28 1.04 Adequate
CATS-A3FT <13 0.50 0.93 0.57 0.53 0.94 217 0.12 1.03 Adequate
CATS-A ARQ? <36.584 0.70 0.78 0.91 0.83 0.89 9.09 0.24 1.46 Good
sbvFTD
CATS-ANA <4 0.55 0.92 0.63 0.22 0.99 2.49 0.12 0.83 Poor
CATS-ASA <4 0.84 0.92 0.91 0.55 0.99 10.71 0.08 1.41 Good
CATS-A MA? <6.698 0.72 0.85 0.87 0.42 0.98 6.54 0.18 1.21 Adequate
CATS-A 3FT <12 0.50 0.85 0.66 0.22 0.97 2.45 0.24 0.83 Poor
CATS-A ARQ? <38.635 0.73 0.92 0.81 0.35 0.99 4.87 0.1 1.12 Adequate
nfvPPA
CATS-A AD? <10.410 0.43 0.65 0.78 0.31 0.94 3 0.45 0.93 Poor
CATS-ANA <4 0.45 0.82 0.63 0.25 0.96 2.22 0.28 0.81 Poor
CATS-ASA <4 0.5 0.59 0.91 0.5 0.94 6.82 0.45 1.15 Adequate
CATS-A MA? <7.614 0.57 0.82 0.75 0.33 0.97 3.29 0.24 1.00 Adequate
CATS-A 3FT <11 0.62 0.88 0.74 0.33 0.98 3.41 0.16 1.02 Adequate
CATS-A ARQ? <41.034 0.68 0.94 0.74 0.35 0.99 3.64 0.08 1.06 Adequate
svPPA
CATS-A NA <4 0.44 0.81 0.63 0.28 0.95 2.18 0.30 0.83 Poor
CATS-ASA <5 0.45 0.86 0.60 0.28 0.96 212 0.24 0.82 Poor
CATS-A MA? <8.092 0.39 0.71 0.67 0.28 0.93 2.18 0.43 0.82 Poor
CATS-A3FT <13 0.38 0.81 0.57 0.25 0.94 1.88 0.34 0.74 Poor
CATS-A ARQ? <37.829 0.54 0.67 0.87 0.48 0.94 5.16 0.38 1.14 Adequate
PSP
CATS-A ID? <10.013 0.52 0.54 0.98 0.88 0.89 31.07 0.47 1.35 Good
CATS-A AD? <10.636 0.38 0.61 0.77 0.38 0.89 2.61 0.51 0.92 Poor
CATS-ANA <4 0.56 0.93 0.63 0.38 0.97 2.51 0.11 0.96 Poor
CATS-ASA <4 0.59 0.68 0.91 0.66 0.92 7.87 0.35 1.29 Good
CATS-A MA? <8.311 0.46 0.79 0.67 0.37 0.93 2.4 0.32 0.92 Poor
CATS-A3FT <13 0.46 0.89 0.57 0.33 0.96 2.07 0.19 0.84 Poor
CATS-A ARQ? <40.216 0.62 0.86 0.77 0.47 0.96 3.68 0.19 1.14 Adequate
Whole FTD
CATS-A ID? <10.636 0.46 0.51 0.95 0.92 0.62 9.88 0.52 1.09 Adequate
CATS-A AD? <10.131 0.38 0.53 0.85 0.80 0.60 3.43 0.55 0.93 Poor
CATS-ANA <4 0.52 0.89 0.63 0.74 0.83 2.41 0.17 1.18 Adequate
CATS-ASA <4 0.61 0.69 0.91 0.91 0.71 8.01 0.34 1.27 Adequate
CATS-A MA? <8.311 0.47 0.80 0.67 0.75 0.74 2.44 0.3 1.10 Adequate
CATS-A3FT <13 0.48 0.91 0.57 0.72 0.84 2.1 0.16 1.13 Adequate
CATS-A ARQ? <40.503 0.64 0.87 0.77 0.82 0.83 3.74 0.17 1.35 Good

Note: Summary Utility Index (SUI) was computed as the following: (Se*PPV)+(Sp*NPV); with values <0.97 suggesting an overall ‘poor’ diagnostic
performance, values 20.98 suggesting an overall ‘adequate’ diagnostic performance, and values >1.28 suggesting an overall ‘good’ diagnostic performance.
Abbreviations: 3FT, Three Faces Test; ARQ, affect recognition quotient; bvFTD, behavioural variant of frontotemporal dementia; CATS-A,
Abbreviated version of Comprehensive Affect Test System; FTD, frontotemporal dementia; ID, identity discrimination; LR+, positive likelihood ratio;
LR-, negative likelihood ratio; MA, match affect; nfvPPA, nonfluent variant of primary progressive aphasia; NPV, negative predictive value; PPV,
positive predictive value; PSP, progressive supranuclear palsy; SA, select affect; sbvFTD, semantic behavioural variant of frontotemporal dementia;
Se, sensitivity; Sp, specificity; svPPA, semantic variant of primary progressive aphasia; SUl, Summary Utility Index.

*These metrics are referred to demographically adjusted CATS-A scores.
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ARQ cut-offs

g-FTD
bvFTD  g-bvFTD
’ @ <36.584
<40.503  <36.575

<36.575

sbvFTD nfvPPA svPPA

CYIrrxr.

<38.635 <41.034 <37.829 <40.216

FIGURE 1 Disease-specific cut-offs for the CATS-A ARQ. Colours represent the different clinical phenotypes. Happy faces (smile and open
eyes) reflect a ‘good’ diagnostic performance (SUI21.28); content faces (smile and closed eyes) reflect an ‘adequate’ diagnostic performance
(SU1=0.98). Figure created with BioRender.com. ARQ, affect recognition quotient; bvFTD, behavioural variant of frontotemporal dementia;
CATS-A, Abbreviated version of Comprehensive Affect Test System; FTD, frontotemporal dementia; g-bvFTD, patients with behavioural
variant of frontotemporal dementia carrying genetic mutations; g-FTD, patients with frontotemporal degeneration carrying genetic mutations;
nfvPPA, nonfluent variant of primary progressive aphasia; sbvFTD, semantic behavioural variant of frontotemporal dementia; svPPA, semantic
variant of primary progressive aphasia; PSP, progressive supranuclear palsy; SUI, Summary Utility Index.

Therefore, the superiority of sbvFTD in the simpler facial subtests
of CATS-A was expected. Specifically, CATS-A ID is the only subtest
we used that investigated identity, rather than affect, discrimina-
tion. This subtest assesses the ability to extract invariant facial fea-
tures (i.e. facial identity), regardless of changeable facial information
(e.g. emotional expression, age and lip movements during speech)
[2]. This ability is supported by the inferotemporal cortex, includ-
ing the lateral fusiform face area [2]. Failures in identity discrimina-
tion have already been reported in bvFTD due to the involvement
of these regions over the disease course [37]. On the contrary, the
identification of invariant facial features is not impaired in sbvFTD.
Instead, in these latter cases, impaired recognition of familiar or fa-
mous faces (i.e. prosopagnosia) has been constantly reported [21,
36, 38]. This is a very important finding in the field, as it demon-
strates that CATS-A ID and AD can effectively distinguish between
bvFTD and sbvFTD cases.

The poorer performance of nfvPPA patients on the CATS-A 3FT
compared with svPPA and PSP patients is less clear. The impairment
observed in this study is unlikely to be due to greater disease sever-
ity in the selected nfvPPA patients, as these participants had simi-
lar cognitive performance and disease duration to the other patient
groups. However, a study involving nfvPPA cases suggested that in-
creasing the salience of emotions, thereby reducing the attentional
and perceptual demands of the task, led to improved performance in
this group [32]. The authors suggested that emotion recognition dis-
turbances in nfvPPA may be partly attributable to attentional defi-
cits, especially in more challenging tests like the CATS-A 3FT, where
the emotional intensity is not modulated. This phenomenon could be
due to a failure in the top-down process, specifically the preferential
allocation of spatial attention to emotional stimuli [32]. This process
is mediated by the prefrontal attentional network, which is more
compromised in nfvPPA compared at least to svPPA cases. This lat-
ter condition involves more bottom-up, pre-attentive processing in
regions ranging from limbic/subcortical to cortical areas. Another
hypothesis, which does not exclude the previous one, is that the
decision-making process during the CATS-A 3FT is inherently more
complex. Specifically, the task of comparing pairwise similarities may
require greater selection and decision-making abilities compared

with the other assessments. In any case, the role of language com-
prehension demands in nfvPPA cannot be entirely ruled out.

Negative findings, such as the inability of some CATS-A subtests
in discriminating among different phenotypes could also indicate
that subtests like the CATS-A MA and the ARQ global score are
uniformly distributed across the entire FTD spectrum, serving as
common markers of frontotemporal degeneration rather than dis-
tinguishing specific phenotypes.

In the sample of HCs, we observed that age predicted CATS-A
ID. The relationship between advancing age and cognitive decline
is well-documented in the literature and here is expected given the
overlap between brain structures involved in facial and emotional
perception, such as the anterior cingulate, prefrontal regions and
insula, and those known to decline with age [39]. However, a study
investigating the effect of age on CATS-A performance found that
age was not significantly associated with a decline in CATS-A facial
task performance [40]. Nevertheless, there was a significant age
effect when discrete emotions were examined, with negative emo-
tions being more affected than positive ones [40]. The discrepan-
cies between our findings and previous research could be due to the
larger population in our study (N=116) compared with the earlier
one (N=60). Similarly, in our recently published work [28], we found
an effect of education on more complex CATS-A subtests (such as
CATS-A MA) that was not observed previously. This inconsistency
might be attributable to the educational level differences between
the Italian and US samples of HCs, with the latter being highly edu-
cated and having all IQ means falling in the high average range.

Some limitations should be acknowledged in relation to this study.
Firstly, despite our sample being relatively large, the sample size may
still be limited for the purpose of defining cut-offs. Secondly, we fo-
cused solely on facial AR and did not investigate prosody recognition
in CATS-A. Thirdly, the potential impact of language comprehension
on certain CATS-A subtests has not been entirely ruled out.

In conclusion, this study establishes specific cut-offs advan-
tageous for the Italian FTD population to detect social percep-
tion impairments, particularly emotional recognition dysfunctions.
These cut-offs are valuable in clinical practice for identifying alter-
ations in these patients as markers of frontotemporal degeneration.
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Specifically, the CATS-A ARQ is highly effective in distinguishing FTD
patients and controls, making it an excellent tool for immediate use
in clinical practice. Future studies are needed to determine how well
these or other specific cut-offs can distinguish FTD from Alzheimer's
disease, in order to provide useful data for differential diagnosis, prog-
nosis, treatments and precise inclusion in the available clinical trials.
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