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Background: The present investigation aimed at testing the psychometrics and
diagnostics of the ltalian version of the Caregiver Behavioral Questionnaire (CBQ)
from the ALS Cognitive Behavioral Screen (ALS-CBS™), as well as its case—control
discrimination, in a cohort of non-demented patients with ALS.

Methods: The caregivers of N = 265 non-demented patients with ALS and N = 99
healthy controls (HCs) were administered the CBQ and the Edinburgh Cognitive and
Behavioural ALS Screen-Carer Interview (ECAS-CI). For N = 98 patients, an in-depth
behavioural/psychopathological assessment via the Frontal Behavioural Inventory
(FBI), the Dimensional Apathy Scale (DAS), the State and Trait Anxiety Inventory-Form
Y (STAI-Y), and the Beck Depression Inventory (BDI) was also available. Factorial and
construct validity, internal reliability, and diagnostics against an abnormal ECAS-CI
score were tested in patients. Case—control discrimination was explored through
logistic regression.

Results: The CBQ was internally reliable (McDonald’'s w = 0.90) and underpinned
by a simple, unidimensional structure; it converged with ECAS-CI, FBI, and DAS
scores and diverged from STAI-Y and BDI ones. A cutoff of < 33 accurately detected
abnormal ECAS-CI scores (AUC = 0.85), yielding optimal error- and information-
based diagnostics. The CBQ was independent of demographic and disease-related
variables and discriminated patients from HCs (p < 0.001).

Discussion: The ltalian version of the CBQ from the ALS-CBS™ is a valid,
reliable, diagnostically sound, and feasible screener for detecting frontotemporal-like
behavioural changes in non-demented patients with ALS. Its adoption is thus
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recommended within clinical practice and research in the view of providing
preliminary information on whether the administration of more extensive behavioural

instruments is needed.

ALS Cognitive Behavioral Screen, amyotrophic lateral sclerosis, behavior, frontotemporal
degeneration, dysexecutive

1. Background

Up to 50% of amyotrophic lateral sclerosis (ALS) patients without
dementia show frontotemporal-like changes in behavior over the
course of the disease (Strong et al,, 2017; Feldman et al,, 2022).
Since such behavioral dysfunctions negatively affect their prognosis
and care management (Huynh et al, 2020), their early detection
via clinimetrically sound, disease-specific screeners are clinically
pivotal in this population (Gray and Abrahams, 2022). In addition,
behavioral measures have been addressed within the context of both
observational and interventional studies addressing patients with
ALS (Beswick et al., 2021).

Among ALS-specific behavioral scales, the proxy-report
checklist included within the ALS Cognitive Behavioral Screen
(ALS-CBS™)—that is, the Caregiver Behavioral Questionnaire
(CBQ) (Woolley et al, 2010)—has been shown to be cross-
sectionally/longitudinally feasible and featured by optimal
clinimetrics, at least as far as its original, English version is
concerned (Simon and Goldstein, 2019; Gosselt et al., 2020).

In Italy, a back-translated version of the CBQ is available, with
its convergent validity having been tested within the context of the
Italian standardization of the ALS-CBS™ (Tremolizzo et al.,, 2020).
In addition, evidence supportive of its cross-sectional feasibility for
detecting behavioral changes in Italian, non-demented patients with
ALS has been recently delivered (Greco et al., 2022).

Nevertheless, to this day, no full psychometric, diagnostic, and
feasibility studies have been performed in Italy on the CBQ. Hence,
the present investigation aimed at delivering, in a retrospective cohort
of Ttalian, non-demented patients with ALS, (1) evidence on its
factorial and construct validity, (2) internal reliability, (3) diagnostic
properties, and (4) an assessment of its capability to discriminate
them from healthy controls (HCs).

2. Materials and methods

2.1. Participants

Data on N = 265 patients with ALS (Brooks et al, 2000)
referred to three Northern Italian centers (i.e.,, IRCCS Istituto
Auxologico Italiano; NEMO, Fondazione Serena Onlus; and Istituti
Clinici Scientifici Maugeri IRCCS) between 2020 and 2022 was
retrospectively retrieved. In addition, N = 99 HCs were prospectively
recruited at the IRCCS Istituto Auxologico Italiano by means of
authors’ personal acquaintances and advertising. Neither patients
nor HCs had (other) neurological/psychiatric disorders or general-
medical conditions possibly affecting neuropsychological functions
(i.e., unstable internal medical/metabolic diseases or system/organ
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failures). No patient met either Gorno-Tempini et al. (2011) and
Rascovsky et al. (2011) criteria for FTD. This study was approved by
the local ethics committees; participants provided informed consent,
and data were treated according to current regulations.

2.2. Materials

2.2.1. Primary measures

Patients’ and HCs’ first-degree relatives or spouses/partners were
administered the Italian versions of the CBQ (Tremolizzo et al,
2020) and Edinburgh Cognitive and Behavioural ALS Screen-Carer
Interview (ECAS-CI) (Poletti et al., 2016, 2022). The ECAS-CI was
addressed as the main comparator against which the construct
validity of the CBQ was tested (Sect. 2.3.1).

The CBQ is a 15-item, caregiver-report checklist covering the
key, FTD-like behavioral signs/symptoms—that is, dysexecutive
features of either an apathetic or a disinhibited nature—with
items 6 and 15 instead targeting attention and language deficits,
respectively. Each Likert-scaled item inquires about changes that
occurred after the onset of the disease, ranging from 0 (“large
change”) to 3 (“no change”); the total score on the CBQ, thus,
ranges from 0 to 45, with lower scores indexing a higher level
of behavioral dysfunction. The Italian CBQ is available upon the
reasonable request of interested practitioners/researchers to the
corresponding author. The ECAS-CI is likewise a caregiver-report
checklist, comprising 13 dichotomous items (i.e., requiring “yes-or-
no” answers) falling into the following clusters: disinhibition, apathy,
loss of sympathy/empathy, perseveration, altered eating habits, and
psychosis. The total score on the ECAS-CI ranges from 0 to 13, with
higher scores on the ECAS-CI indexing a higher level of behavioral
dysfunction. Both the CBQ and the ECAS-CI take no longer than
5 min to be completed.

2.2.2. Secondary measures

All patients had been screened for cognitive impairment by the
cognitive sections of the Italian ALS-CBS™ (Tremolizzo et al., 2020)
and ECAS (Poletti et al., 2016) and assessed for motor-functional
outcome via the ALS Functional Rating Scale-Revised (ALSFRS-R)
(Cedarbaum et al., 1999).

In addition, out of the whole cohort, N = 98 patients
had undergone an in-depth behavioral and psychopathological
assessment via the Frontal Behavioural Inventory (FBI) (Alberici
et al, 2007), Dimensional Apathy Scale (DAS) (Santangelo et al,
2017), State and Trait Anxiety Inventory-Form Y (STAI-Y1 and
STAI-Y2—for the state and trait anxiety, respectively) (Spielberger
etal, 1971), and Beck Depression Inventory (BDI) (Beck et al., 1961).
The scores on such scales were addressed to further test the construct
validity of the CBQ (Sect. 2.3.1).
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2.3. Statistics

Analyses were performed using R 4.1! and jamovi 2.3 software.?
The significance level was set at a = 0.05.

2.3.1. Psychometrics

In patients, internal reliability and factorial validity of the CBQ
were tested by McDonalds w and principal component analysis
(PCA), respectively. Construct validity of the CBQ was assessed
against ECAS-CI, FBI, DAS, STAI-Y1/-Y2, and BDI scores by means
of Bonferroni-corrected Spearman’s correlations—because the vast
majority of such measures were not distributed normally (i.e.,
skewness and kurtosis values >|1| and |3|, respectively) (Kim, 2013).
The minimum sample sizes for internal reliability and construct
validity analyses were set at N = 20 and N = 80, respectively, in
agreement with Hobart et al’s (2012) recommendations—which are
specific to the standardization of psychometric scales within clinical
neurological research. As far as the sample size for the PCA, Kyriazos’
(2018) empirical rule was referred to, according to which N = 100
observations are sufficient to run such an analysis.

2.3.2. Diagnostics

In patients, the diagnostic properties of the CBQ—that is,
sensitivity, specificity, positive and negative predictive values (PPV;
NPV), and positive and negative likelihood ratios (LR +; LR-)—
were computed, through a receiver-operating characteristics (ROC)
analysis, at the optimal cutoff identified via Youden’s J statistic. An
above-cutoff ECAS-CI score (Poletti et al.,, 2022) was addressed as
the positive state (i.e., the presence of behavioral changes). In ROC
analysis, the minimum sample size was set at N = 82, by forecasting
a prevalence of up to 50% of patients with an above-cutoff ECAS-CI
(i.e., allocation ratio of 1; 41 patients with an above- vs. below-cutoff
ECAS-CI) (Strongetal,, 2017),an AUC=0.7,a =0.05,and 1- = 0.95
(Goksuluk et al., 2016).

2.3.3. Case—control discrimination

Case-control discrimination of the CBQ was tested through a
logistic regression (LR) that regarded the group as the dichotomous
outcome (i.e., patients vs. HCs). Within such a model, age,
education, and sex were entered as covariates—since the two
groups were not matched for such variables [age: t(361) = 8.67;
p < 0.001; education: #(361) = -3.70; p < 0.001; sex: xz(l) = 7.68;
p=0.006].

2.3.4. Effect of demographic and disease-related
confounders

In order to test whether demographic (i.e., age, education,
and sex) or disease-related confounders (i.e., disease duration,
ALSFRS-R scores, and presence of C9orf72 hexanucleotide
repeat expansion) affected CBQ scores, a negative binomial
regression (NBR) (Aiello et al, 2020) was run by covarying for
cognition (i.e., ECAS scores) and psychopathological features
(i.e., STAI-Y1, STAI-Y2, and BDI scores). A reversed CBQ
(computed as 45-CBQ scores) was addressed as the outcome
within the NBR in order for the data to fit the underlying

1 https://cran.r-project.org/

2 https://www.jamovi.org/
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probability distribution. Indeed, the CBQ proved to be heavily
left-skewed and overdispersed; by reversing its scale, a right-
skewed, overdispersed empirical distribution yielded, which
could be thereupon modeled by the negative binomial; this
allowed the transformed variable to keep the original metric
and thus operationalization of the outcome measure (Aiello
et al, 2020). Such an expedient already proved to be effective
in circumventing ceiling/floor effects and high inter-individual
variability in behavioral scores (Iazzolino et al., 2022; Poletti et al,,
2022).

TABLE 1 Participants’ background and neuropsychological features.

S T G
N 265 98 -

Age (years) 65.03 £ 10.9 (30-88) 55.84 £10.99 <0.001?
(24-88)
Sex (male/female) 52.1% / 47.9% 35.7% / 64.3% 0.006°
Education (years) 11.36 4.2 (3-27) 13.18 +4.02 <0.001*
(5-22)
Disease duration (months) | 38.71. 4 52.67 (1-328) - -
ALSFRS-R 32.38 £ 10.08 (4-48) - -
Genetics
C90rf72/SOD1/TARDBP/ | 4.5% / 3.8% / 0.8% / - -
FUS 1.1%
ECAS-Total 99.67 £ 20.13 (19-134) - -
Impaired (%) 30.9% - -
ECAS-ALS-specific 73.71 £ 16.12 (14-98) - -
Impaired (%) 28.3% - -
ECAS-ALS-nonspecific 26.15 £ 5.46 (9-36) - -
Impaired (%) 21.5% - -
ECAS-CI 0.87 & 1.34 (0-8) 0.02 .14 (0-1) <0.001°¢
Impaired (%) 10.2% - -
ALS-CBS™ -Cognitive 14.64 + 3.73 (3-20) - -
section
CBQ 38.68 & 7.53 (4-45) 4447 £+ 1.45 <0.001°¢
(34-45)
CBQ-Anxiety (%) 37.9% 4.1% <0.0014
CBQ-Depression (%) 35.6% 1% <0.0014
CBQ-Fatigue (%) 64.8% 4.1% <0.0014
CBQ-Lability (%) 27.2% 1% <0.0014
FBI* 2.38 +3.07 (0-13) - -
DAS* 23.15 4+ 9.70 (5-67) - -
STAIY-1* 54.92 + 11.02 (33-81) - -
STAIY-2* 50.01 £ 10 (33-77) - -
BDI* 14.32 +9.49 (0-41) - -

ALS, amyotrophic lateral sclerosis; ALSFRS-R, Amyotrophic Lateral Sclerosis Functional Rating
Scale-Revised; ALS-CBS, ALS Cognitive Behavioral Screen; ECAS, Edinburgh Cognitive and
Behavioural ALS Screen; CI, Carer Interview; CBQ, Caregiver Behavioral Questionnaire; FBI,
Frontal Behavioural Inventory; DAS, Dimensional Apathy Scale; STAIY, Stait- and Trait-
Anxiety Inventory-Form Y; BDI, Beck Depression Inventory.

t-statistics;

by 2 statistics;

“Mann-Whitney U-statistics;

dFisher’s exact test; and *available for N = 98 patients.
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ROC curve for the CBQ against an above-cutoff value on the ECAS-CI. ROC, receiver-operating characteristics; ECAS-CI, Edinburgh Cognitive and
Behavioural ALS Screen; CBQ, Caregiver Behavioral Questionnaire. The gray dot index the cutoff value identified via Youden's index [< 33; J = 0.6;
AUC = 0.85; SE = 0.04; 95% CI (0.78;0.92)]. The graphical representation was implemented by means of the R package reportROC

(https://cran.r-project.org/web/packages/reportROC/reportROC.pdf).

3. Results

Table 1
neuropsychological measures.

In patients, the CBQ proved to be underpinned by a simple,
mono-component structure (43.2% of variance explained) with no

shows the participants backgrounds and

interstitial items (loading range = 0.46-0.79), as well as to be
internally reliable (McDonalds = 0.90). At Qagjusted = 0.008,
CBQ scores were strongly associated with the FBI [r;(98) = -0.80;
p < 0.001] and ECAS-CI [r5(98) = -0.59; p < 0.001], moderately with
the DAS [rs(98) = -0.34; p < 0.001], but not with STAI-Y1[,(98) = -
0.18; p = 0.0850], STAI-Y2 [r,(98) = -0.20; p = 0.052], and BDI scores
[5(98) = -0.21; p = 0.036].

Twenty-seven out of 265 patients presented with behavioral
dysfunctions according to the ECAS-CI (10.2%). At the optimal
cutoff of < 33 (J = 0.6), the CBQ proved to be highly accurate
[AUC = 0.85; SE = 0.04; 95% CI (0.78, 0.92)] (Figure 1), as
well as to be featured by optimal error-based (sensitivity = 0.74;
specificity = 0.86) and information-based diagnostics (PPV = 0.37;
NPV = 0.97; LR + =5.19; LR- = 0.30). A total of 20.4% of patients
(54 out of 265) were classified as behaviorally dysfunctional by such
a cutoff.
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Net of ECAS, STAI-Y1, STAI-Y2, and BDI scores, the NBR
revealed that no demographic or disease-related features affected
CBQ scores in patients [x (1) < 2.2; p > 0.138].

Net of age, education, and sex, the LR revealed that CBQ scores
effectively discriminated patients from HCs [b = -0.5; p < 0.001;
OR=0.61,95% CI (0.51;0.73)] with a classification accuracy of 82.4%.

4. Discussion

The present study provides Italian practitioners and clinical
researchers with the standardization of the CBQ from the
ALS-CBS™ in non-demented patients with ALS. The CBQ
proved to be (1) internally reliable, (2) underpinned by a
unidimensional structure, (3) both convergently and divergently
valid, (4) diagnostically sound, and (5) able to discriminate
patients from HCs.

With regard to constructing validity, it is noteworthy that the
CBQ selectively converged with dysexecutive behavioral features—
as measured by the FBI, ECAS-CI, and DAS—by nonetheless
diverging from psychopathological features—that is, STAI-Y1/STAI-
Y2 and BDI scores. Moreover, the CBQ proved to be able to
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discriminate patients with ALS from HCs and to be independent
of demographic and disease-related features. Interestingly, within
the original, English study, similar findings have been detected:
(1) convergent validity of the CBQ, (2) its independence of
background confounders, and (3) its case—control discrimination
(Woolley et al., 2010).

As far as the diagnostics is concerned, both error- and
information-based properties proved to be optimal, with the
exception of a poor PVV. However, it should be borne in mind
that predictive values are prevalence-based metrics, with the PPV
and NPV being directly and inversely related to the proportion of
positive states within the study sample, respectively (Bossuyt, 2010).
Therefore, given the low prevalence of the above-cutoft ECAS-CI
scores, a low PPV was expected. By contrast, as not being based
on disease prevalence, likelihood ratios are more generalizable and
should be, thus, given more confidence by users when compared to
predictive values themselves (Bossuyt, 2010).

Moreover, it is noteworthy that the cutoft herewith derived is
relatively close to the original threshold proposed by Woolley et al.
(2010) for differentiating non-demented patients with ALS without
from those with behavioral involvement, that is, < 36—which
was featured, similarly to the results of the present investigation,
by optimal diagnostics (accuracy = 86%; sensitivity = 0.82;
specificity = 0.86; PPV = 0.82; NPV = 0.92).

This study is of course not exhaustive of all clinimetric and
feasibility features that should be tested for a given behavioral
screener (Aiello et al,, 2022). First, evidence on test-retest and inter-
rater reliability, as well as on criterion validity, is still lacking and,
thus, needs to be addressed by future investigations. Moreover,
within the present study, patients were not classified according
to Strong et al. (2017) criteria: Hence, further studies are needed
to test whether the CBQ is sensitive to the severity of behavioral
dysfunction across the ALS-FID spectrum—as defined according
to the abovementioned nosographic system. Finally, it is advisable
that the longitudinal feasibility of the CBQ be also tested—especially
in light of the facts that the English version of the CBQ proved
effective to track involutionary trends in behavior over time in
patients with ALS (Woolley et al, 2018) and that behavioral
functioning is acknowledged to worsen with disease progression
(Consonni et al., 2021).

In conclusion, the CBQ is a valid, reliable, diagnostically sound,
and feasible screener for behavioral dysfunctions in non-demented
patients with ALS. Its adoption is, thus, recommended within
clinical practice and research in the view of providing preliminary
information on whether the administration of more extensive
behavioral instruments currently available in Italy (Aiello et al., 2022)
is needed.
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