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Abstract

In individuals with suspected or confirmed brain disorders, cognitive screening via
performance-based tests conveys pivotal information both towards diagnosis and prognosis and
within interventional settings. Moreover, such tests are often employed as outcomes measures
within clinical studies addressing cognition. Hence, cognitive screeners need to come with sound
statistical and feasibility features. However, within the Italian scenario, cognitive screeners do
not always present with such characteristics. Moreover, remote cognitive screening procedures
have been historically underdeveloped in Italy, despite easily lending themselves to be delivered
from a distance via practicable media, such as the telephone. However, by bridging down
geographical, logistical, socio-demographic and economic barriers, the availability of telephone-
based cognitive screeners would both entail improvements in healthcare settings and ease the
implementation and accomplishment of clinical studies.

Given the above premises, within the first two Sections of the present Dissertation, after
outlining the principles underlying screening procedures in general, a comprehensive, practical
framework for the statistical study of cognitive screeners is delivered — addressing 1) their
applications for population-screening and case-findings aims within both clinical practice and
research, as well as the issues of 1) clinimetrics (i.e., psychometrics and diagnostics), 2) norm
derivation (with a focus on the Equivalent Score method) and 3) cross-sectional/longitudinal
feasibility. In addition, Section 2 delivers an extensive, critical discussion on the 1) rationale, 2)
benefits and shortcomings and 3) clinical/research applications of telephone-based cognitive
screeners — also focusing on 4) the statistical issues related to their standardization.

Within the third Section, after providing an up-to-date synopsis of the Italian status quo as to
the statistical features of both in-person and telephone-based cognitive screeners, a number of
recently published investigations are summarized that focused on updating norms and/or
improving the clinimetrics and feasibility of three Italian, in-person cognitive screeners —i.e., 1)

the Frontal Assessment Battery (FAB), 2) the Montreal Cognitive Assessment (MoCA) and 3)



the cognitive section of the Edinburgh Cognitive and Behavioural ALS Screen (ECAS).
Subsequently, Section 3 displays the description of recently published, Italian standardization
studies of telephone-based cognitive screeners — i.e., 1) the Telephone Interview for Cognitive
Status (TICS), 2) the ALS Cognitive Behavioural Screen-Phone Version (ALS-CBS-PhV) and
3) the telephone-based Frontal Assessment Battery (t-FAB).

Then, Section 4 reports in full two currently unpublished studies — the first, addressing the
assessment of the clinical usability of the Italian TICS, the second, providing the Italian
standardization of a telephone-based screener for language disorders, i.e. the Telephone
Language Screener (TLS).

A synoptic glance at the content of the present Dissertation, the future perspectives yielding
from it and a number of critical considerations related to outstanding issues on the topic of

cognitive screening in Italy are finally delivered within the conclusive, fifth Section.
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Premise and outline

The present Ph.D. Dissertation focuses on the role of performance-based, cognitive screening
tests within clinical practice and research as addressed to brain disorders.

Its first two Sections take shape as a monographic work aimed at providing the Reader with
an extensive, practical overview of the principles underlying the statistical study of both in-person
and telephone-based cognitive screeners. Of note, such monographic branches are not to be
intended as merely introductory to the article-based Sections of the Dissertation, but as proper
part and parcel of it — as gathering the knowledge on the topic that the Present Author has
acquired, both directly and indirectly, over the Ph.D. years of work in the field. In fact, within
such monographic branches, several studies published by the Present Author and his extended
network are also frequently cited. In addition, and most importantly, these first two Sections
represent an attempt to deliver a multi-disciplinary, integrated and comprehensive framework to
the statistical study of cognitive screeners.

Within the third Section, an overview of the current Italian scenario on cognitive screeners
will be provided, building upon several papers published by the Present Author and his extended
network from June 2021 onwards. More specifically, Sections 3.1, 3.2 and 3.3 summarize the
highlights and expand two reviews on the Italian status quo concerning cognitive screening
practices, whilst Section 3.4 displays the key elements of a number of research articles focused
on the statistical study of in-person and telephone-based cognitive screeners. In the light of such
a large amount of papers that had been already published at the time of the completion of this
Dissertation, for the sake of parsimony, the Present Author indeed opted for displaying them in a
monographic fashion — by instead leaving more room for 2 currently unpublished studies, focused
on telephone-based cognitive screeners, which will be reported in full within Section 4.

Finally, Section 5 will summarize the contents of the present Dissertation and outline a
number of outstanding issues on the topic of cognitive screeners that should be addressed, in the

opinion of the Present Author, by future research.
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1. Screening procedures

Within the clinical field, screening procedures primarily aim for an early identification of
individuals who may present with or develop a condition, in order to determine whether further
diagnostic examinations are advisable [Thorner & Remein, 1961; Wilson & Jungner, 1968]. To
screen for a condition thus represents a first step towards a timely diagnosis, and, in turn, a timely
intervention [Miller, 2014].

Screening procedures are commonly applied either to whole, putatively healthy but likely at-
risk populations — i.e., population-screening — or to selected individuals coming to clinical
attention due to symptoms suggestive of a condition — i.e., case-finding [Holland et al., 2006].
Such scenarios fall under secondary prevention, i.e. those healthcare practices aimed at detecting
a condition in its sub-clinical or early stages, before it overtly begins [Kisling & Das, 2021].

According to Wilson & Jungner’s (1968) guidelines — delivered on behalf of the World
Health Organization (WHO) — and later amendments [Holland et al., 2006; Miller, 2014],
screening procedures are applicable provided that 1) the target condition represents a major health
issue — featured by 2) a detectable pre-clinical stage and 3) a predictable course — for which 4) an
adequate screening test exists and, if needed, 5) both confirmatory diagnostic procedures and
treatment options are accessible. For the first three listed requirements to be fulfilled, the
epidemiology and natural history of the target condition should be known, and its detrimental
impact on individuals’ well-being, as well as on public health systems, be evidenced and
significant [Cochrane & Holland, 1971]. As to the fourth desideratum, a screening test is expected
to 1) be routinely applicable —i.e., easy to use by and low-cost for practitioners, as well as highly
acceptable and safe for patients, in order for it to be integrated into the clinical practice — and 2)
featured by optimal clinimetric properties — i.e., validity, reliability as well as sensitivity,
specificity and derived metrics [Cochrane & Holland, 1971]. Finally, the last principle highlights
the need for the healthcare system to be able to provide screener-positive individuals with those
facilities required to both perform an in-depth diagnostic process and treat the condition if

diagnosed [Cochrane & Holland, 1971].



In addition, accordingly with Chamberlain’s (1984) recommendations, costs of screening
procedures should not exceed their benefits at clinical, economical and psychosocial levels.
Screener-positive individuals should indeed not incur in overtreatment, especially within the
early, sub-clinical stages of a condition featured by a relatively stable prognosis [Chamberlain,
1984]. Furthermore, provided that the first and fifth Wilson & Jungner’s (1968) desiderata are
met, the payback for an early detection, at a public health level, is advisable not to fall short of
the diagnostic and interventional expenditures [Chamberlain, 1984]. Finally, psychosocial
consequences of both screener-positive — e.g., increased anxiety about one’s own health status
and reactive mood deflections — and -negative individuals — e.g., possibly unmotivated
reassurances in the case of a false-negative result — should be adequately managed [Chamberlain,

1984].

2. Screening for cognitive impairment

Cognition is an intangible construct, whose measurement thus relies on its emergent
properties — i.e., empirical indices that are supposed to reflect underlying cognitive processes.
Thereupon, cognitive measurement, and thus cognitive screening, can be either performance-
based — i.e., examinees are required to execute structured tasks that are intended to capture latent
cognitive variables — or self-/proxy-report — i.e., clinical information is acquired either directly
from the examinees, by asking them to subjectively express judgments on their cognitive
functioning, or indirectly, by collecting such information from independent informants (i.e.,
clinicians or caregivers) [Larner, 2017a; Aiello et al., 2022a; 2022b]. Furthermore, a number of
neurological signs that are thought to be linked to cognitive disorders — i.e., the applause sign —
can be addressed as cognitive screening measures too — either per se or in combination with
performance-based and self-/proxy-report ones [Larner, 2020a; 2020b]. However, it is arguable
that cognitive screening procedures are mostly carried out, within both clinical practice and
research, by means of performance-based tests — which offer a relatively optimal trade-off

between objectiveness (shared with neurological sign assessment, but not with self-/proxy-report
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tools) and comprehensiveness (shared with self-/proxy-report tools, but not with neurological

sign assessment) [Larner, 2017a; 2020a]".

2.1 Clinical and research applications

Cognitive deficits of both instrumental domains —i.e., orientation, memory, language, praxis
and visuo-spatial skills — and non-instrumental — i.e., attention and executive functioning (EF) —
feature, within a continuum of severity, a variety of etiologically heterogeneous conditions
directly or indirectly affecting cortical/sub-cortical brain physiology or morphology [Aiello et al.,
2022a; Larner, 2017b].

Besides primary central nervous system (CNS) diseases — i.e. neurological [Ravdin &
Katzen, 2016] and psychiatric disorders [Wood et al., 2009] —, several other conditions may in
fact entail encephalopathic, and thus cognitive, sequelae — including, but not limited to, internal,
metabolic, endocrine and immunological ones [Armstrong & Morrow, 2010]. Given the
detrimental prognostic and functional entailments of cognitive impairment regardless of its
etiology, to screen for it is clinically crucial in several fields and settings of medical practice
[Brown, 2015; Calza et al., 2015; Nichols et al., 2019; Aiello et al., 2022a].

Within both CNS-related and -unrelated health sectors, cognitive screening procedures find
application not only in primary care [Finkel, 2003; Harvan & Cotter, 2006; Yokomizo et al.,
2014] and specialized (i.e., secondary care) outpatient clinics [Velligan et al.,2004; Beinhoff et
al., 2005; Hawkins et al., 2012], but also in general [Jackson et al., 2013; Hwang et al., 2019]
and specific [Blackburn et al.,2013; Hosie et al., 2013; Yohannes et al., 2017; Sherman et
al.,2019; Arias et al., 2020; Nowroozpoor et al., 2022] inpatient settings (i.e., both sub-acute and
post-acute tertiary and quaternary care). Furthermore, as outlined by Roebuck-Spencer et al.

(2017) on behalf of the National Academy of Neuropsychology (NAN), cognitive screening tests

IFrom now on, if not otherwise specified, the present Dissertation will focus on performance-based cognitive screening
tests.
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may find application within properly interventional settings too, in order to “[...] monitor
progression of symptoms or response to intervention [...]” (p. 495).

In addition, cognitive screening procedures can be addressed, for secondary preventive aims,
to putatively normotypical, asymptomatic individuals falling under those age classes deemed at
an higher risk for the development of cognitive disorders [Fulton, 2008; Riley McCarten, 2013,
Aiello et al., 2022c] and/or presenting with genetic, environmental or lifestyle-related risk factors
[van der Flier & Scheltens, 2005; Chen et al.,2009]. Such a population-screening approach, albeit
still questioned as to its pursuance to the aforementioned WHO guidelines (Sect. 1.) [Pottie et al.,
2016; Patnode et al., 2020], has recently gained greater attention worldwide due to 1) the
progressive ageing of the population — which alone is a predictor of an increased global incidence
of cognitive disorders of diverse etiologies [Livingston et al., 2020], 2) the identification of
modifiable risk factors for the secondary prevention of cognitive decline in adults [Baumgart et
al., 2015; Peters et al.,2019] and 3) the growing, yet currently limited, evidence for the efficacy
of both pharmacological [Rodakowski et al., 2015; Sevigny et al., 2016; Robbins, 2019; Kuang
et al., 2021; Ljubenkov & Boxer, 2021; Sun & Armstrong, 2021] and non-pharmacological
treatments [Simon et al., 2020; Sikkes et al., 2021] for cognitive disorders.

Besides healthcare applications, cognitive screening measures often represent the primary
outcome within both epidemiological studies and clinical trials addressing cognitive disorders
[Morris et al., 1999; Richard et al., 2012; Ritchie et al.,2015; Weuve et al., 2015], despite having
been questioned as to both their methodological — i.e., assessment comprehensiveness — and
practical adequacy — i.e., functional entailments — to such aims [Molnar et al., 2009; Harrison et

al., 2016].

2.2 Principles of cognitive screening
According to Larner’s (2017a) recommendations, which integrate the American
Neuropsychiatric Association guidelines [Malloy et al., 1997], besides meeting the basic WHO

desiderata (Sect. 1.), cognitive screeners should 1) take less than 15’ to be administered, 2)

12



require minimal/no training to be administered, scored and interpreted, 3) capture both
instrumental and non-instrumental domains, 4) come with norms that allow to make proper
decisions (e.g., referring or not examinees for further diagnostic examinations) and 5) be
longitudinally usable.

Notably, Malloy et al.’s (1997) and Larner’s (2017a) principles substantially overlap with
those delivered by the NAN [Roebuck-Spencer et al., 2017] — which, in turn, were inspired by
those promulgated in 2014 by the Working Group on Screening and Assessment on behalf of the
America Psychological Association (2014) —, albeit these last documents highlight a further key
point that needs to be highlighted, i.e. that cognitive screening procedures, as providing an
overall, preliminary estimate of targeted domains/functions, are in no way intended to be
substitutive of a second-level cognitive assessment (i.e., of a set of domain-/function-specific
tests administered within extensive batteries for a diagnostic purpose) [Roebuck-Spencer et al.,
2017].

Although several of the aforementioned desiderata appear to be adequately met in order for
cognitive screening procedures to be justified, a number of caveats persist regarding their clinical
appropriateness [Stephan et al., 2010; Ranson et al., 2018].

Indeed, while it is undeniable that cognitive disorders detrimentally impact on patients’ and
caregivers’ lives [Bunn et al., 2012] and represent a major burden at a public health level [Nichols
et al.,, 2019], and despite ad hoc diagnostic facilities being usually, although not always
[Waldemar et al., 2007], available [Sinforiani et al., 2020], healthcare systems are often unable
to offer proper treatment options — not only because of the highly resource-demanding care
required for managing such patients, but also, and most importantly, due to the
paucity/unaffordability or absence of effective treatments (as referred to non-pharmacological
and pharmacological ones, respectively) [Arvanitakis et al., 2019].

Moreover, within the field of cognitive disorders, costs of detecting a screener-positive
individual not only might outperform benefits at economical and organizational levels, but also

at an ethical one [Wolff et al., 2021]. Indeed, especially for chronic cognitive disorders, which
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can have a relatively stable prognosis, the detrimental impact that an early diagnosis can have on
patients’ psychosocial functioning cannot be neglected [Cornett & Hall, 2008; Mitchell et al.,
2013] — also in the light of the fact that the natural course of such conditions is largely known, at
least for those with the highest prevalence and incidence [Agiiero-Torres et al., 1998].

Finally, little is known about the epidemiology and pre-clinical stages of a number of brain
disorders (e.g., frontotemporal degeneration, FTD) [Katsuno et al., 2018; Benussi et al. ,2021],
and even for those conditions regarding to whom much information is available (e.g., Alzheimer’s
disease, AD) [Fiandaca et al., 2014], their early detection mostly relies on biomarkers [Sonnen et
al., 2008] and, when based on cognitive measures, it addresses second-level ones [Ritchie et al.,
2015], rather than those yielding from screeners.

Notably, in spite of the aforementioned issues, promising evidence is available on the
capability of common screening measures alone to detect cognitive disorders — as derived from
both performance-based/proxy-report instruments [De Roeck et al.,2019; Taylor-Rowan et al.,
2021] and clinical interviews/records [Ramakers et al., 2008; Mitchell et al., 2011; John &
Montgomery, 2013; Ford et al., 2018]. In this respect, combining quantitative and qualitative
sources (e.g., from self-rated health, medical history or clinical observation) has been shown to
improve the accuracy of cognitive screening procedures [Palmer et al., 2003; Larner, 2020b]. A
similar argument applies when combining performance-based tests and proxy-report instruments
[Galvin, 2018; Larner, 2020c]. Of note, it has been nevertheless argued that the improvements
reached through such combinations might not be clinically meaningful [Stephan et al., 2010],
with adequate clinical inquiries complemented by a single test administration having been shown
to yield satisfactory accuracy estimates as well [Palmer et al., 2003]. After all, as underlined by
the abovementioned NAN guidelines, such qualitative sources of information should rather
represent, within a case-finding scenario, the starting point for a cognitive screening session to
be performed [Roebuck-Spencer et al., 2017]. In other words, it could be safe to assume that, in

order to properly carry out a cognitive screening procedure, a single performance-based test,
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complemented by an in-depth evaluation of medical records, a targeted clinical interview and a

careful observation of clinical signs, might be sufficient [Stephen et al., 2010].

2.3 The statistical study of cognitive screeners

The closing remark of the previous section would convey crucial implications towards the
endorsement of cognitive screening not only as addressed to individuals coming to clinical
attention, but also to the general, likely-at-risk, population — as significantly cutting down its costs
at economical and organizational levels [Larner, 20173].

However, in order for such procedures to rely on a sole test, the latter should be subjected to
the assessment of a number of key statistical properties and feasibility features, which are
provisionally shown in Figure 1 and will be discussed in detail in the next Sections (2.3.1, 2.3.2,
2.3.3 & 2.3.4). This is especially true if considering that cognitive screeners, despite coming with
the critical issue of measuring an intangible construct (Sect. 2.), represent a unique source of
information on it — and, thus, on the clinical phenotype —, which cannot be likewise retrieved
from biomarker-based examinations (e.g., neuroradiological exams, cerebrospinal fluid analysis
or genetic testing) and do not necessarily overlap with that provided by other, qualitative sources
(i.e., medical history, clinical interviews and clinical observation). In other terms, the harder is to
measure a given construct, the sounder the measurement instrument should be at a statistical level.

Briefly, before entering the clinical and research practice, a cognitive screener should 1) be
standardized — i.e., undergo an assessment of its clinimetric? value (i.e., by delivering reference
information on its psychometrics and diagnostics) and be normed (i.e., by deriving normative
thresholds to allow for clinical judgments) - and 2) be examined as to its feasibility (herewith

intended as the extent to which the instrument is suitable for use in both clinical and research

2Regardless of the disputes on the actual meaning of “clinimetrics” [Wright & Feinstein, 1992; De Vet et al., 2003], such a

term will be referred to, within the present Dissertation, as the assessment of all the measurement properties of a given

instrument primarily intended to be used in clinical practice — i.e., both its validity and reliability, and its diagnostics.
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Figure 1. Desirable standardization and feasibility studies to be addressed to cognitive screeners after their development.
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settings) [Larner, 2017a; 2017b; Quinn & Takwoingi, 2017; Aiello et al., 2022a; 2022b]. Of

course, standardization and feasibility investigations follow either test development — i.e., those

stages at which a given test is conceptualized and operationalized de novo by selecting the items

(which are, indeed, operative translations of empirical indicators assumed to sample the target

construct) — or test linguistic and cultural adaptation (if the test has already been developed within

a given language/culture) [Aiello et al., 2022a; 2022b].

A relevant caveat should be however borne in mind when approaching test standardization

and feasibility studies, namely that findings from a given investigation should be referred to test

scores, and not to the test itself [Sherman et al., 2011]. Indeed, studies focusing on similar aspects,

but addressing different populations, might yield different results [Aiello et al., 2022b]. Such a
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stance has two major implications. First, when adapting an existing test to a novel
language/culture, standardization and feasibility studies need to be performed by addressing
individuals who speak that language and belong to that culture: hence, Country-specific norms
or clinimetric/feasibility evidence should not be generalized to other Countries [Sherman et al.,
2011; Aiello et al., 2022a; 2022b]. Second, within a given language/culture, standardization and
feasibility studies should always be performed, whenever applicable, in both normotypical and
clinical populations [Sherman et al., 2011; Aiello et al., 2022a; 2022b]. Of course, this last
desideratum entails a number of exceptions: for instance, studies aimed at deriving normality cut-
offs, i.e. thresholds to discriminate healthy from pathological performances, cannot be solely
addressed to clinical populations [Sherman et al., 2011; Aiello et al., 2022a; 2022b]. By contrast,
such investigations can address clinical populations only if their scope is to identify those cut-
offs that would allow to differentiate patients based on their clinical phenotype [Mitrushina et al.,
2005a; Aiello et al., 2022a; 2022b].

Finally, it should be noted that the quality assessment of clinimetric and feasibility evidence
for cognitive tests should not be constrained to a dichotomous perspective — i.e. “good vs. bad” —
but rather dispose along a continuum of value — i.e. “some tests have stronger evidence than
others” [Sherman et al., 2011]. Indeed, although the availability of clear-cut thresholds for the
quality assessment of statistical indices reflective of a given property often tempts users to adopt
a dichotomous approach — e.g., a Cronbach’s o coefficient >.7 is commonly regarded as
suggestive of good internal reliability for a given instrument [Tavakol & Dennick, 2011] —, one
should bear in mind that such quantifications are to be contextualized — e.g., Cronbach’s a
coefficients <.7 could be acceptable in the absence of test unidimensionality [Cho & Kim, 2015]
— as well as that these same thresholds are most of the times empirically-derived, and thus
subjective — e.g., a number of Authors proposed that the “>.7” threshold for a “good” Cronbach’s

a can be questionable [Cho & Kim, 2015].
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2.3.1 Psychometrics

According to Classical Test Theory (CTT) [Traub, 1997], the observed score yielded by a
given psychometric instrument reflects three sources of variability: 1) a systematic, “true”
component actually reflecting the target construct (i.e., by what the instrument is intended to
measure), 2) a systematic error component, which is that underpinned by intervening constructs
(i.e., constructs that do not correspond to the target one, which nonetheless still account, to an
extent, for the variability of the observed score) and 3) a casual error component, which is that
due to random fluctuations of empirical variables [Crawford, 2003; Willmes, 2010; Gallucci &
Leone, 2012]. Within such a framework, which of course applies to cognitive screeners as well,
validity is defined as the extent to which the observed variability is accounted for by the target
construct as compared to intervening constructs, whereas reliability as the extent to which the
observed variability is accounted for by the target construct as compared to random fluctuations
[Gallucci & Leone, 2012; Aiello et al., 2022a]. Thereupon, validity generally refers to the extent
to which a given cognitive test measures what it is intended to, whereas reliability to how
coherently it does so [Gallucci & Leone, 2012; Aiello et al., 2022a]. It follows that a valid
instrument is not necessarily reliable, and vice-versa: thereupon, a psychometrically sound
cognitive screener should be featured by both validity and reliability [Gallucci & Leone, 2012].

At a theoretical level, there exist several types of validity, whereas reliability is a unitary
concept, which is however declined according to the computational methods adopted to assess it
[Gallucci & Leone, 2012]. However, in practice, each way to compute reliability addresses a

different measurement issues [Aiello et al., 20223].

2.3.1.1 Validity

Within CTT, three main types of validity are acknowledged: 1) content validity; 2) construct
validity; 3) criterion validity [Gallucci & Leone, 2012].

Content validity. Content validity refers to the extent to which the test accurately and

exhaustively operationalizes the target construct [Sherman et al., 2011; Aiello et al., 2022a]. The
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study of such a property should be thus included within the early stages of the development of a
given test, as being primarily aimed to select those items that best operationalizes its target
construct [Sherman et al., 2011; Aiello et al., 2022b].

At variance with the last two types of validity, content validity is assessed at a qualitative
level — with a common practice being to collect experts’ ratings on whether the test would serve
as a representative measure of the underlying construct [Sherman et al., 2011; Aiello et
al.,2022a]. The assessment of content validity should therefore rely on shared knowledge on
explanatory models, semiology and neural correlates of cognitive domains/functions [Franzen,
2002a] — which, however, is not necessarily uniform among clinicians and researchers, due to
their different theoretical and practical backgrounds [Fabrigoule et al., 2003], as well as static
over time, due to basic and/or applied research advances [Hobart et al., 1996]. Unfortunately, it
is infrequent that content validity information is available for cognitive screeners [Aiello et al.,
2022a], with such a psychometric property most of the times being either implicitly assumed
based on clinical expertise — as is the case for the Montreal Cognitive Assessment (MoCA)
[Nasreddine et al., 2005] — or derived from historical notions — e.g., Luria’s motor sequences for
the assessment of frontal lobe-mediated programming within the Frontal Assessment Battery
(FAB) [Dubois et al., 2000].

Construct validity. Construct validity refers to the extent to which test scores are related or
not to different, independent measures that target either the same/a similar — i.e. convergent
validity — or a different construct — i.e., divergent validity —, respectively, and is usually tested by
means of correlational analyses for continuous variables [Sherman et al., 2011; Aiello et al.,
2022a].

Within the field of cognitive testing, the demonstration of convergent validity can be as easy
as deceitful. Indeed, it is likely that two cognitive measures, even targeting constructs that are
assumed, in a modular fashion [Coltheart, 1999], to be to an extent different, are associated with
each other [Westen & Rosenthal, 2003]. This, for the obvious reason that cognitive

domains/functions are, at a neural level, highly interconnected and only minimally segregated
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[Bergeron, 2007]. Thus, the interpretation of convergent validity evidence for a given test should
rely on 1) the appropriateness of the comparative measure adopted and 2) the effect size (i.e., the
intensity) of the correlation coefficient — thus partially disengaging from a view strictly based on
p-values [Westen & Rosenthal, 2003; Sherman et al., 2011]. For instance, when aiming to
validate the FAB [Dubois et al., 2000], a screener for executive dysfunctions, one would expect
its scores to be strongly related to those yielded from either an analogous, first-level test —e.g.,
the INECO Frontal Screening [Torralva et al., 2009] — or a second-level (i.e., domain-/function-
specific) one — e.g., a phonemic verbal fluency task [lhnen et al., 2013]. However, it would not
be surprising to find, if explored [Appollonio et al., 2005], a significant correlation between the
FAB and the Mini-Mental State Examination (MMSE) [Folstein et al. 1975] — although this
would represent a theoretically inappropriate convergent measure, as targeting global cognition
and not solely EF [Aiello et al., 2022a]. In such a scenario, a valuable evidence of convergent
validity would be the finding of FAB scores being more strongly correlated with the INECO
Frontal Screening and the phonemic fluency task than to the MMSE [lhnen et al., 2013].
Proving a test to be divergently valid is even more challenging when dealing with cognitive
testing. Indeed, for the same reason mentioned above, even by selecting presumably appropriate
divergent measures — i.e., tests that are supposed to tap into different cognitive domains/functions
—, itis unlikely that they do not significantly correlate with the target test [Franzen, 2002b; Aiello
et al., 2022a]. It is therefore relevant, to an even greater extent than for convergent validity, that
the magnitude of such a correlation be addressed, rather than simply its significance — especially
in comparison with that detected when putting into relation the target test with similar ones
[Franzen, 2002b; Westen & Rosenthal, 2003; Sherman et al., 2011]. Within the previous
paradigm, the FAB correlating strongly with the INECO Frontal Screening, whilst mildly with
the MMSE, could be addressed as a preliminary divergent validity evidence. Indeed, it has to be
noted that divergent validity testing is more challenging for cognitive screeners than for domain-
[function-specific tests, given that the former are commonly multi-dimensional [Tierney et al.,

1997; Aiello et al., 2022a] even if assumed to tap into a single set of cognitive processes — with
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the FAB being a clear example of such a stance [Aiello et al., 2022a]. It follows that a divergent
validity evidence, albeit partial — such as that exemplified above —, might be more acceptable
when testing this property for a cognitive screener [Franzen, 2002a; 2002b; Westen & Rosenthal,
2003; Sherman et al., 2011].

Criterion validity. Criterion validity refers to the extent to which test scores are predictive
of outcomes associated to the test (i.e, criteria) within either a cross-sectional — i.e., concurrent
validity — or a longitudinal dimension — i.e., predictive validity [Sherman et al., 2011; Aiello et
al., 2022a]. Such a property is therefore commonly assessed through regression models, which,
at variance with correlational analyses that are inherently bidirectional (i.e., allow to conclude
that x is associated with y, and vice-versa, without assigning a predictor/criterion status to either
x or y), establish a directional, predictive link between the target test (i.e., the predictor) and the
criterion — i.e., x predicts/accounts for y, with the opposite inference not being drawn [Gallucci
& Leone, 2012; Aiello et al., 2022a].

Concurrent and predictive validity are extremely relevant to cognitive screeners, given that
they play a pivotal and early role towards both diagnostic and prognostic decision-making [Aiello
et al., 2022a]. Concurrent validity testing can be indeed performed in order to determine whether
a cognitive screener is able to 1) account for cognitive scores as yielded from second-level tests
as well as 2) predict everyday-life functional outcomes [Sherman et al., 2011; Aiello et al.,
2022a]. Indeed, should the first property be satisfied, such information would help users judge
whether screening results are a valid approximation of an individual’s actual cognitive status —
which, in fact, can be profiled in detail only by administering second-level tests —, at least with
regard to those domain/functions sampled by the screener itself [Block et al., 2017]. Moreover,
should a screener possess the second property, it would be possible to know whether its results
represent a valid estimate of an individual’s functional independence, as well as of her/his actual
cognitive functioning in everyday-life scenarios — both these pieces of information being
extremely relevant towards the differential diagnosis between a cognitive disorder which features

itself or not as a dementing illness [Juva et al., 1994].
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Notably, if referred to as the capability of the screener to predict everyday-life cognition,
criterion validity would to an extent overlap with ecological validity — defined as the extent to
which a test 1) reflects an individual’s cognitive functioning in daily living and 2) engage
cognitive resources/mimics cognitive tasks that an individual would engage/encounter during
everyday-life activities® [Chaytor & Schmitter-Edgecombe, 2003; Aiello et al., 2022a]. In its
second connotation, ecological validity could be only addressed during test development — by
including tasks that are intuitively assumed to be similar to those commonly performed by people
in the real world [Chaytor & Schmitter-Edgecombe, 2003; Pasotti et al., 2022]. Although such a
facet of ecological validity seldom features available cognitive screeners [Spooner & Pachana,
2006; Aiello et al., 2022a], it is worth noting that “laboratory-setting” tasks, despite being
unlikely to mimic those carried out during the daily living, often happen to be able to tap into the
same cognitive processes that underpin everyday-life activities [Sbordone, 1996]. As to its first,
and most practical, sense, ecological validity could be tested by putting into relation a given
cognitive screener — e.g., the FAB — with a non-performance-based instrument assessing the
target construct in daily living — e.g., the Dysexecutive Questionnaire [Burgess et al., 1996].
However, unfortunately, ecological validity is likewise often neglected even in this last
connotation [Spooner & Pachana, 2006; Aiello et al., 2022a].

Predictive validity testing can be seen as overall overlapping, at least in practical terms, with
concurrent validity testing — with the sole, albeit crucial, difference of addressing the longitudinal
dimension [Gallucci & Leone, 2012; Aiello et al., 2022a], which in turn conveys a different
clinical meaning [Sherman et al., 2011]. Indeed, it would be relevant to patients’ prognosis to
determine whether a screener is able to predict trends in second-level measures of cognition over
time — whether they are stable, involutionary or improving [Franzen, 2002b; Aiello et al., 2022a].
The same, maybe to an even greater extent, would likewise apply to functional measures

[Franzen, 2002b].

3Ecological validity will not be discussed, within the present Dissertation, as a separate form of validity — since, pursuantly
to CTT, it is herewith referred to as a practical declination of criterion validity [Sherman et al., 2001].
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“Factorial” validity. Despite not being properly forecast by CTT, “factorial” validity testing
is traceable in research practice when dimensionality-reduction techniques, such as exploratory
and confirmatory factor analyses, are adopted in order to test whether a given test is underpinned
or meets, respectively, a given construct structure [Rohling & Axelrod, 2017]. In order for a
cognitive screener to possess factorial validity, its items should indeed load on the latent variable
that they are supposed to load on, and, at the same time, not to load on those that they are not
supposed to — pursuantly to the structure of the construct that the test is supposed to measure
[Rohling & Axelrod, 2017]. For instance, MoCA items assessing language should load on a latent
variable that will be named as “Language”, but not on another one on which orientation items do
— which, consistently, will be named “Orientation” [Freitas et al., 2012]. At the same time, if the
underlying construct assumed to underlie the MoCA is “Cognitive efficiency” or “Global
cognition”, one might expect all of its items to load on a single latent variable [Sala et al., 2020].
Thereupon, factorial validity testing mostly relies on researchers’ hypotheses on what the test is
supposed to measure — this implying that findings might be highly heterogeneous across different
studies, except for those screeners that have been clearly designed to be bound to a given construct
structure specified by the original test developers [Franzen, 2002c]. Hence, in the above terms,
factorial validity testing represents an indirect medium to explore either content validity or
construct validity — albeit, in this last respect, by addressing test items instead of an independent
measure [Franzen, 2002b; Sherman et al., 2011].

Face validity. Face validity represents a further, “off-label” declination of validity, referring
to the extent to which a given test overtly appears to measure, from the examinee’s standpoint,
the construct of interest [Franzen, 2002b; Rohling & Axelrod, 2017; Aiello et al., 2022a]. The
evaluation of face validity, which is typically performed by means of standardized or
unstandardized questionnaires collecting examinees’ experience on test execution [Sherman et
al., 2011], can yield relevant information on its feasibility: indeed, a test that clearly conveys to
the examinee its aims as to what it is intended to measure might be more acceptable, thus aiding

adherence [Sherman et al., 2011].
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2.3.1.2 Reliability

The following methods exist to estimate test reliability, each addressing a different practical
issue: 1) internal reliability; 2) inter-rater reliability; 3) test-retest reliability; 4) parallel-form
reliability [Gallucci & Leone, 2012].

Internal reliability. Internal reliability (or consistency) for a given test is the extent to which
its items coherently measure the target construct [Franzen, 2002d; 2002e; Sherman et al., 2011,
Aiello et al., 2022a]. It is commonly assessed through either Cronbach’s o or McDonald’s ®
coefficients, which can be conceptually regarded as average measures of item intercorrelation, or
via a “split-half” approach, i.e. by subdividing the test into 2 equal item sets and computing the
correlation coefficient between them [Sherman et al., 2011; Aiello et al., 2022a]. Despite
reliability is frequently tested at an internal level [Franzen, 2002e; Cho & Kim, 2015], such an
approach might not represent the best option when dealing with cognitive screeners as a whole,
since they often include items that sample from different cognitive domains/functions or from
different facets of a same domain/function [Aiello et al., 2022a] — i.e., lack unidimensionality
[Sherman et al., 2011; Cho & Kim, 2015]. Therefore, it is advisable that dimensionality-reduction
techniques be performed before testing the internal reliability of a given cognitive screener
[Sherman et al., 2011; Cho & Kim, 2015; Aiello et al., 2022a; 2022b]. In this respect, if the test
happens to be multi-dimensional at such analyses, internal reliability estimates can be provided
at the subtest level — provided that each emerged subtest is featured by a reasonable number of
items, thus warranting a sufficient amount of true variance [Tsai et al., 2012]. At an analytical
level, it has to be then noted that 1) the split-half method may find limited applications to
cognitive screeners, which can rarely be subdivided into equal-ranged halves that reasonably
group items together [Sherman et al., 2011] and 2) Cronbach’s a and McDonald’s ® underlie
partially different assumptions [Cho & Kim, 2015], thus being suitable to different settings.

Inter-rater reliability. Inter-rater reliability refers to the degree of association between
scores yielded from the administration of the same test to the same examinees by different

examiners [Franzen, 2002e; Sherman et al., 2011; Aiello et al., 2022a]. Such a property is usually
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tested by means of correlation-like analytical approaches that provide an estimate of agreement
between two set of scores, and that vary based on their level of measurement — e.g., intra-class
correlation (ICC) coefficients for continuous measures, Cohen’s k for categorical ones [Franzen,
2002e; Sherman et al., 2011; Aiello et al., 2022a]. Inter-rater reliability plays a pivotal role in
cognitive testing, given that different examiners might score tests differently due to several, both
contextual — e.g., tiredness and interpersonal dynamics occurring between a specific examiner-
examinee dyad —and inherent confounders — such as educational backgrounds (e.g., psychologists
vs. geriatricians) or different levels of expertise in test administration/scoring procedures
[Sherman et al., 2011].

Relatedly, a further source of across-examiner variability in test scores might be represented
by off-label, idiosyncratic variations in administration and scoring procedures — the so-called
“examiner’s drift” [Vanderploeg, 2000]. Such a phenomenon, which is a widely-acknowledged
concern among practitioners and researchers, but still infrequently unraveled at an experimental
level with regard to cognitive screeners [Molloy & Standish, 1997; Say & O’Driscoll, 2022], has
been attributed to a combination of the unavailability of clear and exhaustive instructions from
test developers and the subsequent spreading of incorrect administration/scoring practices, which
are mostly guided by clinical intuitions rather than being statistically-oriented [Vanderploeg,
2000].

Test-retest reliability. Test-retest reliability refers to the agreement rate between test scores
yielding from different administrations performed over time by the same examiners to the same
examinees [Franzen, 2002e; Sherman et al., 2011; Aiello et al., 2022a]. It is commonly tested by
means of agreement coefficients or repeated-measure analyses that, as for inter-rater reliability
testing, vary based on the measurement level of data [Aiello et al., 2022a]. The relevance of test-
retest reliability evidence lies in the fact that it allows to determine whether test scores are stable
across different administrations over time — at least with regard to the retest interval addressed
[Franzen, 2002e; Sherman et al., 2011]. This, of course, applies only provided that no events that

are reasonably suggestive of changes in cognition occurred [Duff, 2012]. In pursuance to such an
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assumption, retest intervals should not be excessively large — typically ranging from 24 hours to
one month [Duff, 2012]. At variance, the adoption of larger retest intervals (e.g. 6 months) might
be insightful, if addressed to clinical populations for which no changes in cognition is expected
over time, in order to assess test score stability [Franzen, 2002d], whereas, if addressed to patients
that are likely to follow involutionary trends in cognitive functions (e.g., neurodegenerative
conditions), to examine the responsiveness of the screener (i.e., its sensitivity to change over
time) [Sherman et al., 2011; Aiello et al., 2022a; 2022b] — a property which however pertains to
test feasibility (see Sect. 2.3.4).

Moreover, test-retest reliability assessment should be complemented by a check for practice
effects, i.e. by ruling out that, at retest, an increase in test scores occurs due to the fact that
examinees have been previously primed with the test itself [Duff, 2012].

With regard to test-retest reliability and practice effect assessment, a practical issue arises,
again related to test feasibility (Sect. 2.3.4) — namely how to measure clinically meaningful
changes in cognition over repeated assessments [Duff, 2012; Arcara & Bambini, 2016; Aiello et
al., 2022a]. To this aim, several approaches have been developed to compute reliable change
indices (RCIs) — i.e., measures to determine whether significant variations in cognitive functions
occurred over time net of test-retest reliability, practice effect and regression to the mean (the
latter being a probabilistic phenomenon for which an individual’s score at retest tends to be more
similar to the actual, population mean) [Duff, 2012; Chelune & Duff, 2019]. A current, gold-
standard option for computing RCls is the standardized regression-based (SRB) approach, which
entails estimating retest from baseline scores via regression models (by also possibly accounting
for other systematic confounders — i.e., demographics or premorbid measures), and then weight
the difference between the observed and expected retest scores on the standard error of the
regression estimate [Duff, 2012; Chelune & Duff, 2019].

Parallel-form reliability. Related to the topic of change assessment within the framework
of cognitive testing, the development of parallel (or alternate) forms of a given cognitive test

conveys relevant entailments towards both reliability testing and clinical/research practice
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[Sherman et al., 2011; Aiello et al., 2022a]. Parallel-form reliability indeed refers to the approach
that estimates reliability by assessing the correlation between the original test version and an
alternate, allegedly equivalent one [Willmes, 2010; Sherman et al., 2011]. However, the
availability of parallel forms of cognitive screeners is also crucial to their feasibility in a
longitudinal fashion — as being an expedient to control for practice effect when repeated
examinations over time are due [Aiello et al., 2022a; Montemurro et al.,2022]. Besides
correlational analyses or dependent-sample comparisons, further statistical approaches to explore
parallel-form reliability might entail ICC coefficients, equivalence testing (i.e., determining
whether a between-mean difference could be regarded as equal to zero) [Lakens, 2017] or
techniques based on dimensionality-reduction techniques (which focus on determining whether
the underlying structure of a parallel form is comparable to the original one) [Siciliano et al.,

2019a].

2.3.2 Diagnostics

2.3.2.1 Assessing diagnostics

Diagnostic properties of measurement instruments play a pivotal role towards medical
decisions in all fields of clinical practice, especially in respect to screening tests [Bossuyt, 2010].

The assessment of test diagnostics, and thus the derivation of the majority [Larner, 2021a] of
concerning metrics, are based on crossing test results (i.e., positive vs. negative) with the actual
status of tested individuals (i.e., diseased vs. healthy), which is defined on the basis of a gold-
standard reference [Streiner, 2003; Larner, 2020d; 2021a].

However, at variance with other medical sectors, the identification of the target condition
within the field of brain disorders (i.e., cognitive impairment) is inherently clinical and most of
the times cannot rely on gold-standard, pathognomonic biomarkers — thus raising the issue of
how to perform a dichotomous subdivision into “diseased” and “healthy” individuals [Larner,
2017a; 2017b; Aiello et al., 2022a]. Thereupon, the positive state (i.e., the occurrence of the target

condition) is unavoidably based on an approximate operationalization [Larner, 2017a; 2017b;
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Aiello et al., 2022a]. Indeed, when exploring the diagnostic properties of a test, the identification
of the target condition typically relies on a positive result on another, “gold-standard” test (i.e., a
test that has already received sufficient diagnostic support) [Larner, 2017a; Quinn & Takwoingi,
2017; Aiello et al., 2022a]. A further, in vivo gold-standard reference is represented by a diagnosis
pursuant to a given nosographic system (e.g., the International Classification of Diseases [World
Health Organization, 2016] or the Diagnostic and Statistical Manual of Mental Disorders
[American Psychiatric Association, 2013]) or to ad hoc diagnostic criteria — e.g., Gorno-Tempini
et al.’s (2011) criteria for primary progressive aphasia (PPA) [Aiello et al., 2022a]. Relevantly,
both these options commonly incorporate evidence from both clinical observation and

instrumental exams.

2.3.2.2 Classification of diagnostics

Out of the abovementioned 2*2 contingency table, numerous measures can be derived —
which, according to Bossuyt’s (2010) classification, later referred to and integrated by Larner
(2021b), can be sub-divided into 1) error-based, 2) information-based and 3) association-based
ones.

Error-based metrics provide an estimate of the degree to which the test succeeds or fails in
detecting, among diseased and healthy individuals, those that actually present or not with the
target condition, respectively [Bossuyt, 2010; Larner, 2021b]. Sensitivity (Se) and specificity
(Sp) fall under such a category [Bossuyt, 2010; Larner, 2021b] — the former being the capability
of the test to detect the target condition among actually diseased individuals, the latter being its
capability to classify an individual as healthy among actually healthy individuals [Trevethan,
2017]. However, Se and Sp values are not sufficient for clinical decision-making, as solely relying
on a selected portion of examinees —i.e., diseased and healthy ones, respectively [Streiner, 2003].
Thus, users need metrics that are informative towards post-test decisions: information-based

metrics [Bossuyt, 2010; Larner, 2021b] are indeed intended to enable users to estimate what is
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the probability/odds of an individual being diseased or not based on a positive or negative test
result, respectively [Bossuyt, 2010; Larner, 2021b; Aiello et al., 2022d; 2022¢].

Common information-based measures are positive and negative likelihood ratios (LR+; LR-
) — the former indexing how much the pre-test probability of an individual being diseased
increases after a positive result to the test, the latter how much such a probability decreases given
a negative test result [Streiner, 2003; Bossuyt, 2010; Larner, 2021b]. While likelihood ratios are
independent of the disease prevalence, positive and negative predictive values (PPV; NPV) are
further, crucial information-based diagnostics that provide insights into the capability of a test to
correctly classify individuals presenting (PPV) or not presenting (NPV) with the target condition
among both diseased and healthy ones [Streiner, 2003; Trevethan, 2017]. Thereupon, the PPV
conveys an estimate of the probability that a test-positive individual is actually diseased, whereas
the NPV that a test-negative one is actually healthy — thus accounting for the prevalence of the
target condition within the sample from which such metrics have been derived [Trevethan, 2017].
It follows that predictive values can be highly heterogeneous across investigations that,
addressing the same condition, detect different prevalences within the study samples [Larner,
2021b; Aiello et al., 2022d; 2022e] — with the PPV and NPV being directly and inversely
proportional to disease prevalence, respectively [Streiner, 2003]. Such an issue can be however
adjusted by entering into the computational formulas for PPVs/NPVs the actual prevalence of the
condition (and not that provided by the study sample) — as long as such information is retrievable
from the epidemiological literature [Streiner, 2003; Larner, 2021b]. However, as to cognitive
disorders, prevalence data is frequently unavailable [Logroscino & Bennet, 2013], especially if
referring to those conditions that cannot be easily linked to a given etiology — such as the
syndrome of mild cognitive impairment (MCI), whose clinical phenotype can underlie
degenerative, vascular or mixed pathologies [Nordlund et al., 2010]. By contrast, when the
prevalence of the target condition is sufficiently well-known — as, for instance, is the case for
dementia due to AD [van der Flier & Scheltens, 2005] —, two information-based measures that

could be further applicable are incremental predictive values — i.e., those two values that
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determine the extent to which PPVs and NPVs are more informative than chance expectations
based on the prevalence of the condition and its base rate of non-occurrence, respectively
[Streiner, 2003].

Despite being less widespread then error- and information-based ones within the field of
cognitive testing [Striner, 2003], association-based metrics instead provide an estimate of the
extent to which test results align with an individual’s actual status [Streiner, 2003; Bossuyt, 2010;
Larner, 2021b] — the most renown arguably being and the diagnostic odds ratio, i.e., the
probability of a positive test in a diseased individual weighted on that of a positive test in a healthy
one [Streiner, 2003; Larner, 2019].

Finally, beyond the 2*2 contingency table [Larner, 2021a; 2021c], a ubiquitously widespread
statistical approach to the diagnostic assessment of tests is represented by receiver-operating
characteristics (ROC) analyses [Obuchowski, 2005]. At a practical level, ROC analyses examine,
in their most simple declination, the performance of a test — expressed as a continuous variable —
to predict the positive state (vs. the absence of the condition), yielding an accuracy estimate — the
area under the ROC curve (AUC) — and deriving an optimal cut-point along the predictor (usually
being the value yielding the best trade-off between Se and Sp, identified via the Youden’s J
statistic [Fluss et al., 2005]) that allows to generate the “test-positive vs. -negative” dichotomous
classification needed for the cross-table mentioned above [Larner, 2021c]. Conceptually, the
AUC is indeed the probability that an individual presenting with the condition is classified as
above the cut-off (i.e., test-negative — if addressing a test with higher values corresponding to
better performances) compared to that of an healthy individual being classified as such [Larner,
2019]. The AUC can be thus empirically addressed a proxy of diagnostic accuracy [Larner,
2021c].

However, within the framework of cognitive testing, diagnostics yielded by ROC analyses
are at times addressed as approximations of the actual properties of a test, given that they are
calculated at a cut-off that may happen not to be the one adopted in practice — which is, by

contrast, derived ad hoc, for a demonstrative purpose, within the diagnostic study itself [Aiello
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et al., 2022a; 2022d; 2022e]. Indeed, in such a field, normative cut-offs are rather estimated
within a norm-referenced fashion (Sect. 2.3.3) — i.e., by deriving normality thresholds from a
healthy sample, to which examinees’ scores are compared in order to draw clinical judgments

[Mitrushina et al., 2005a; Aiello et al., 2022a].

2.3.2.3 Advanced diagnostic metrics

A number of further, advanced metrics exist that are strongly advocated by Larner (2019;
2020d; 2021d) in order to improve the diagnostic study of cognitive screeners — either adapted
from the epidemiological literature or developed ex novo by the above Author [Larner, 2019;
2021d; 2021¢€]. Briefly, according to Larner (2019; 2021d; 2021e), such measures fall under two
categories: 1) “number needed to” and 2) unitary ones.

Among the “number needed to” metrics, the “number needed for screening utility” (NNSU),
introduced by Rembold (1998) and later referred to and further developed by Larner (2021e),
allows for an estimate of the number of individuals who need to be screened via a given test in
order for one individual to benefit from the screening itself (generally, in terms of an early
detection of a condition, and thus of its timely treatment) [Rembold, 1998; Larner, 2021e].
“Number needed to” metrics, despite having received a greater support only in relatively recent
times [Quinn & Takwoingi, 2017; Larner, 2021d; 2021e], and thus being less widespread in
clinical practice and research at variance with those described above (Sect. 2.3.2.2), come with
the advantages of being 1) based on common error-/information-based diagnostics and 2) easily
interpretable by users and examinees, since they refer to practical concepts — as is the case for the
NNSU (falling under both the “number needed to” and unitary categories [Larner, 2019; 2021d,
2021e]), which can be easily derived from Se, Sp and predictive values, and whose interpretation
is referred to as the usefulness of a screener to rule-in or rule-out a condition, with values below
~] indexing that no more than one individual has to be tested for the screener to be regarded as

useful [Larner, 2019].
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The adoption of unitary measures, whose aim is to provide an overall estimate of test
accuracy, is instead less historically recent [Bossuyt, 2010; Larner, 2019; 2021d] —e.g., Youden’s
J statistic, which is one of them, has been introduced as early as 1950 [Youden, 1950]. However,
in order to overcome the pitfalls of traditional unitary measures, which are often based on partial
information (e.g., Youden’s J is solely based on sensitivity and specificity, also weighting them
equally) [Larner, 2019], novel ones have been introduced by Larner (2019), among which the
summary utility index — derived by above Author [Larner, 2019] as the sum of the positive and
negative clinical utility indices proposed by Mitchell (2011), which are calculated on the basis of
Se, Sp and predictive values. The summary utility index is thus referred to as an estimate of the

overall confidence that one can put in test results [Larner, 2019].

2.3.3 Norms

2.3.3.1 Norm-referenced tests

While psychometric and diagnostic properties of a cognitive test are pieces of information
that describe its clinimetric value, they do not allow per se to draw clinical judgments — i.e.,
whether a performance is pathological or normal [Mitrushina et al.,2005a]. To such an aim, it is
an accepted practice to derive normative cut-offs for cognitive tests from a sufficiently large
sample of normotypical individuals (NIs) that are representative of the general population
[Capitani, 1997; Crawford, 2003; Mitrushina et al., 2005a; 2005b; Willmes, 2010]. Regardless
of the specific statistical approach adopted, such a threshold is commonly set, within the lower
tail of the normative performance distribution, in order for the worst 5% of the performances to
be separated from those above (i.e., 95%) [Capitani, 1997; Crawford, 2003; Willmes, 2010].
Within such a framework, it is thus assumed that, if an examinee’s performance falls under the
5t worst one detectable within the normative sample, such a performance can be classified as
pathological, as being, in a negative connotation, extremely infrequent —i.e., obtained by no more
than 5% of normotypical persons [Capitani, 1997; Crawford, 2003; Willmes, 2010]. Such an

approach has been named “norm-referenced” as it entails judging the normality or pathology of
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an examinee’s performance based on its comparison against those commonly achieved by a

reference, normative sample [Mitrushina et al., 2005a].

2.3.3.2 Statistical and methodological issues

In order for the comparison between the examinee’s performance and the normative
threshold to be proper, a first requirement lies in the normative sample being representative of
the general, normotypical population: therefore, such a sample should equally represent sexes,
different adult ages and levels of educational attainment — as such variables are well-known
intrinsic confounders towards cognitive performances [Capitani, 1997; Mitrushina et al., 2005b;
Aiello et al., 2022a]. Moreover, it is also advisable that different geographical provenances be
represented, since, within a same Country, region-specific, culture-related elements might
likewise account for differences in cognitive performances [Mitrushina et al., 2005b; Aiello et
al., 2022a].

Moreover, a number of statistical issues should be addressed when choosing the method to
derive norms.

Distributional assumptions. First, such an approach should make reasonable assumptions
on the distribution of test scores in the general, normotypical population [Aiello et al., 2022a].
For instance, a z-score-based norming approach is likely to be most of the times improper, as
assuming that cognitive performances, within the population, distribute Normally — an
assumption that is seldom met [Capitani, 1997; Brooks et al., 2009; Crawford et al., 2009; Aiello
et al., 2022a]. Indeed, NIs tend to achieve the uppermost scores on cognitive tests, this resulting
in ceiling or floor effects — the former applying to tests with higher scores corresponding to better
performances, the latter to the opposite scenario (which is the case, for instance, for tests whose
outcome is reaction times or the number of errors) [Franco-Marina et al., 2010; Aiello et al.,
2020; Aiello et al., 2022c; 2022f]. In fact, abnormal, either positive (i.e., right: floor effect) or
negative skewness values (i.e., left: ceiling effect) commonly feature cognitive data distributions,

thus violating the assumption of a symmetrical, Gaussian data-generating process [Facchin et al.,
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2022a; Aiello et al., 2020; Aiello et al., 2022c; 2022f]. Moreover, even in healthy persons, a high
inter-individual variability in cognitive scores can be detected — this determining both abnormal
kurtosis values and overdispersion (i.e., a statistical phenomenon which entails that the
distribution variance is higher than its mean) that contribute to the violation of the
homoscedasticity assumption [Malek-Ahmadi et al., 2017; Aiello et al., 2020; Aiello et al.,
2022c; 2022f]. It is thereupon unsurprising that, in order to overcome such issues, percentile-
based norming approaches have been more strongly advocated — as being based on ordinal
positions, which, at variance with continuous measures, follow a Uniform distribution that is free
of assumptions [Crafowrd et al., 2009]. However, this same expedient leads to the inherent
disadvantage of losing information in test scores — which are indeed ordinalized and depart from
their original measurement unit, with this last element also possibly entering interpretability
issues [Scherr et al., 2016; Malek-Ahmadi et al., 2017; Aiello et al., 2020].

Regression-based norming. A second, key point is the need to adjust raw score for intrinsic
sources of error variance, in order to level out differences that do not merely reflect cognitive
abilities but, at variance, are possibly due to systematic confounders such as demographics or
premorbid cognitive status [Capitani, 1997; Crawford & Garthwaite, 2006; Capitani & Laiacona,
2017; Aiello & Depaoli, 2022]. To such an aim, regression models are commonly adopted in
order to estimate which of these intervening variables significantly predict raw test scores, with
the ultimate scope of determining for which confounders such scores deserve to be corrected for
by applying adjustment equations [Oosterhuis et al., 2016; Capitani & Laiacona, 2017; Aiello &
Depaoli, 2022]. Indeed, for instance, a raw score of 26 out of 30 on the MoCA yielded by an
individual aged 93 years and with 5 years of education cannot be comparable to the same score
yielded by a 39 year-old one with 16 years of education. Notably, besides common demographics
(i.e., age, education and sex), increasing attention has been recently given, within the field of
cognitive testing, to the construct of cognitive reserve as a confounder of test scores — i.e., the
individual’s ability to be resilient towards cognitive decline, by activating adaptive cognitive

strategies that improve performances, and rooted in her/his experiences gained throughout life
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via education, work and leisure activities that stimulate brain plasticity [Nucci et al., 2012].
Cognitive reserve measures have been therefore integrated as an adjustment predictor within
recent regression-based norms of cognitive screeners [Montemurro et al., 2022; Mondini et al.,
2022].

However, an issue that is common to typical regression-based norming approaches lies in
their adoption of linear model analyses — this implying that such approaches share with the z-
score-based one, albeit in a different connotation, the abovementioned limit of assuming data
Normality and homoscedasticity [Crepaldi et al., 2014; Aiello et al., 2022a]. In addition, and
most importantly, linear regression-based norming also assumes that the shape of the relationship
between the predictor (e.g., age or education) and the outcome (i.e., test scores) is linear — this
being often untrue: for instance, cognitive performances do decline with aging, despite by often
following non-linear, cubic trends [Hartshorne & Germine, 2015]. To overcome such an issue, it
IS a common practice, within linear regression-based norming, to explore not only the predictive
capability of the raw confounder, but also of a number of its normalizing and variance-stabilizing
transforms that are intuitively assumed to better catch the shape of the relation between the
predictor and the outcome [Spinnler & Tognoni, 1987; Capitani & Laiacona, 2017; Aiello &
Depaoli, 2022]. Hence, within the abovementioned paradigm, a cubic transform would be applied
to age after visually inspecting its scatterplot with cognitive scores.

A further option — which, albeit promising, has to date received limited and merely
preliminary empirical support [Crepaldi et al., 2014; Tessari et al., 2015; Vestito et al., 2021] —
might be to adopt generalized linear models®. To this aim, a shift of perspective could be
embraced — namely, to circumvent non-linearity, non-Normality and heteroscedasticity by

focusing on the outcome, rather than on the predictors [Aiello et al., 2020; 2022c; 2022g; Manera

41t has to be acknowledged that the distributional issue commonly featuring cognitive data do apply also to a number of
statistical approaches aimed at assessing test psychometrics (Sect. 2.3.1). For instance, ICCs for assessing test-retest and
inter-rater reliability [Bobak et al., 2018] share with linear models a number of assumptions (such as that of data
Normality). However, the Present Author argues that alternative methods for testing psychometric properties may be less
widespread among clinical researchers. It would also be beyond both the Present Author’s expertise and the scope of the
present Dissertation to discuss such alternatives. Thus, common statistical methods for the assessment of cognitive test
psychometrics will be adopted within the studies herewith presented.
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et al., 2022]. In such a framework, a data-generating process different from the Gaussian, and
accounting for skewness and overdispersion, would be assumed as underlying test scores [Aiello
etal., 2020; 2022c; 2022g; Manera et al., 2022]. For instance, the Negative Binomial distribution
might be of major interest to such a scope — as it models overdispersed count data, i.e. rare events
(left-skewed distributions) with high inter-individual variability [Ver Hoef & Boveng, 2007;
Aiello et al., 2020]. Such a distribution can be easily assumed as underlying cognitive data simply
by addressing the number of errors on a test as the outcome [Aiello et al., 2020]. Indeed, for
close-ranged tests, errors can be regarded as a comparable way to operationalize accuracy — since
the same amount of information is conveyed as if the score out of a maximum was considered
[Aiello et al., 2020; 2022c; 2022g; Manera et al., 2022]. This empirical distribution will be right-
skewed: the left-skewed shape that frequently features cognitive data would indeed be reversed
— as the majority of individuals tend to score high on a test (and thus to infrequently commit
errors) [Aiello et al., 2020; 2022c; 2022g; Manera et al., 2022]. Within a Negative Binomial
model, it would not be required to apply transforms on predictors, and regression estimates would
actually reflects those features that characterize cognitive data (i.e., skewness and
overdispersion), hence yielding adjustment equations that are expected to be more accurate®
[Scherr et al., 2016].

Inferential estimation of the cut-off. Estimating that a given value, drawn from the
normative performance distribution, represents the actual normality cut-off within the population,
features itself as a statistical inference — which, as such, is inductive and probabilistic, thus
inherently coming with an error term [Willmes, 2010; Capitani & Laiacona, 2017; Aiello &
Depaoli, 2022; Facchin et al., 2022a]. Given that this threshold conveys obvious, dramatic
clinical entailments — as allowing to determine whether an individual is cognitively impaired or

not —, it is highly advisable that the inherent possibility of an inferential error within its estimation

°It has to be mentioned that such a possibility needs verification through statistical studies that go beyond both the Present
Author’s expertise and the aim of the present Dissertation. Moreover, with this regard, it should be noted that linear models
have been not infrequently deemed as resilient to the violations of their underlying assumptions: the interested Reader may
refer, for instance, to Cox & Watson (1962) and Mardia (1971).
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be controlled for [Capitani & Laiacona, 2017; Aiello & Depaoli, 2022]. For instance, when
referring to percentile-based approaches, which do not come per se with an inferential-error-
controlling expedient, Crawford et al. (2009) proposed that 95%, non-parametric confidence
intervals, based on the properties of the Binomial distribution, can be computed for a given
percentile (e.g., the 5 one) — in order to complement its point-estimate with an account for its
inferential error.

Unitary metric. In order to allow for intra-individual comparisons between tests that have
different ranges, normative approaches should ultimately yield a value which lies along a unitary
metric [Crawford, 2003; Aiello & Depaoli, 2022]. Such a requirement, which is common to all
the most widespread methods, is indeed crucial to determine whether the cognitive profile of the
examinee is featured by selective deficits, as well as, complementarily, by domains/functions that
are relatively spared [Capitani, 1997; Crawford, 2003; Aiello & Depaoli, 2022]. To this aim, it is
not infrequent, especially for multi-domain cognitive screeners, that normative values are
delivered at the subtest level [Santangelo et al, 2015; Siciliano et al., 2016; Aiello et al., 2022h;
2022i].

Updating normative data. The socio-demographic background, and thus composition, of
the general population constantly changes over time, this giving the rise to the need of
periodically updating normative data for common cognitive tests [Bush, 2010; Bush et al., 2018;
Siciliano et al., 2019b; Aiello et al., 2022h]. For instance, with specific regard to the Italian
population, it is nowadays infrequent to include, when stratifying normative samples for age and
education, younger adults (e.g., <50 years of age) who do not have at least 11-t0-13 years of
education, due to school system reforms that, within the last decades, introduced a mandatory
minimum level of educational attainment for the whole population [Brugnolo et al., 2016;
Siciliano et al., 2019b; Aiello et al., 2022h; 2022i]. Moreover, it has to be noted that the life
expectancy progressively increases worldwide thanks to healthcare advances [Colin et al., 2015]
—this implying that norms delivered within the last decades are likely to include an higher number

of older adults (>75 years of age) than previous ones [Spinnler & Tognoni, 1987].
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2.3.3.3 Equivalent Scores

An approach that controls for the inferential error connected to estimating the cut-off is the
one developed by Capitani & Laiacona (1988), embedded within the Equivalent Score (ES)
method — which historically represents the gold-standard framework for deriving cognitive test
norms in Italy [Spinnler & Tognoni, 1987; Capitani & Laiacona, 1997; Capitani, 1997; Capitani
& Laiacona, 2017]. This approach addresses the uncertainty that is inherent to point-estimating a
cut-off by identifying a tolerance interval around the respective, putative parameter within the
population [Capitani & Laiacona, 2017; Aiello & Depaoli, 2022]. Briefly, the ES method first
entails a linear regression-based step that allows adjusting raw scores for significant demographic
predictors (age, education and sex) identified via a stepwise regression procedure (also including
transforms of age/education in order to better capture the shape of their association with test
scores) [Spinnler & Tognoni, 1987; Capitani & Laiacona, 2017; Aiello & Depaoli, 2022]. Then,
outer and inner, one-sided, non-parametric tolerance limits (0TL; iTL) are identified on ranked
adjusted scores — in order to provide a non-parametric, interval-estimate of the population cut-off
[Capitani, 1997; Capitani & Laiacona, 1997; 2017]. Both TLs are derived by exploiting the
properties of a Beta distribution [Capitani & Laiacona, 2017; Aiello & Depaoli, 2022]. The oTL
is the highest observation, within the lowest 5% of normative performances, yielding a safety p
of at least 95% (i.e., p>.95) that no more than 5% of the normotypical population performs below
it [Capitani, 1997; Capitani & Laiacona, 2017; Aiello & Depaoli, 2022]. Hence, a performance
is addressed as impaired if falling within the “worst” 5% of the normative sample (i.e. adjusted
scores <oTL), by keeping the risk of drawing a wrong inference below 5% [Capitani, 1997,
Capitani & Laiacona, 2017; Aiello & Depaoli, 2022]. Most importantly, to control for inferential
errors, the iTL is also computed — i.e., the lowest observation yielding a safety level p>.95 that at
least 95% of the population performs above it [Capitani & Laiacona, 2017; Aiello & Depaoli,
2022]. Adjusted scores >iTL are therefore regarded as being normal [Capitani & Laiacona, 2017;
Aiello & Depaoli, 2022]. It then follows that, if an adjusted score falls within the range comprised

between the oTL and the iTL, it cannot be inferentially judged as either suggestive of a
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pathological or a normal performance [Capitani, 1997; Capitani & Laiacona, 2017; Aiello &
Depaoli, 2022]. Indeed, according to the ES method, within this so-called “gray area” [Capitani,
1997; Capitani & Laiacona, 1988; 1997; 2017] would fall the actual, population cut-off — this
representing the unavoidable trade-off for allowing a control for the inferential error being
discussed [Capitani & Laiacona, 2017; Aiello & Depaoli, 2022]. The ES method additionally
entails to classify adjusted scores into a 5-point, quasi-continuous, standardized scale [Capitani,
1997; Capitani & Laiacona, 2017]. The lowermost score of this scale correspond to an ES=0 —
comprising adjusted scores <oTL, and suggestive of an impaired performance —, whereas the
uppermost one to an ES=4 — which includes adjusted scores higher than the median of the
normative distribution, and is thus suggestive of a “high-end normal” performance [Capitani &
Laiacona, 2017; Aiello & Depaoli, 2022]. Remaining adjusted scores, comprised between the
oTL and the median, can be then allotted into three further ability levels, whose thresholds are
identified via a z-score-based approach: ES=1, indexing a “borderline” performance; ES=2,
indexing a “low-end normal”’; and ES=3, indexing a normal performance [Capitani & Laiacona,
2017; Aiello & Depaoli, 2022]. Such a partition of adjusted scores is intended to allow for
drawing clinical judgments, although only TLs convey inferential values — at variance with other
ES thresholds, which are rather intended to describe, at a qualitative level, non-pathological
performances [Capitani & Laiacona, 2017; Aiello & Depaoli, 2022]. In this respect, it should be
however noted that an adjusted score being assigned an ES=1 falls within the lowermost scores
above the oTL — and thus, despite being inferentially normal, would still deserve clinical
attention® [Capitani & Laiacona, 2017; Aiello & Depaoli, 2022].

The ES method thus meets the vast majority of the abovementioned statistical requirements
(Sect. 2.3.3.2): 1) it adjusts raw scores for significant, systematic confounders; 2) it controls for
the inferential error connected to the cut-off estimation; 3) it ultimately yields a score on a unitary

metric that also allow for intra-individual, inter-test comparisons [Capitani & Laiacona, 2017,

b1t is worth noting that the “gray area” between the oTL and the iTL, which does not allow to draw inferential conclusion on
the individual’s score, falls in fact under the ES=1 [Capitani & Laiacona, 2017; Aiello & Depaoli, 2022].
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Aiello & Depaoli, 2022; Aiello et al., 2022a]. Nevertheless, the ES method is of course not free
of limitations. First, it fully accounts for potential distributional issues only within its cut-off-
deriving step (since TLs are non-parametrically identified), but only partially within its first,
linear regression-based step [Aiello & Depaoli, 2022; Aiello et al., 2022a; Facchin et al., 2022a].
Indeed, in its currently accepted format, which is supported by more than 35 years of empirical
evidence [Bianchi & Dai Pra, 2008], the ES method does not embed generalized linear models
within its regression-based step. In fact, as previously stated, only sparse and preliminary attempts
towards the adoption of generalized linear models within regression-based norming approaches
can, to this day, be traced in the Italian literature [Crepaldi et al., 2014; Tessari et al., 2015;
Vestito et al., 2021]. Moreover, a limitation that is inherent to the ES scale is represented by the
fact that it does not differentiate between different degrees of pathological performance —i.e., an
adjusted scores <oTL is assigned an ES=0 regardless of whether it corresponds to/immediately
follows the oTL or is very distant from it [Capitani & Laiacona, 2017]. This makes the ES method
relatively uninformative per se when longitudinally profiling involutionary trends (e.g., in
patients with neurodegenerative disorders) [Capitani & Laiacona, 2017], thus highlighting the
need for it to be complemented by RCI-related approaches (Sect. 2.3.1.2). Furthermore, within
its original and currently adopted formulation, the ES method entails a z-scored-based calculation
of thresholds for ES=1, 2 and 3 — which might appear as counterintuitive, given that its most
relevant cut-points, i.e. the oTL and iTL, are derived via a non-parametric technique [Facchin et
al., 2022a]. In this respect, Facchin et al. (2022a) have recently proposed an empirical approach
to derive also intermediate ES thresholds by means of a non-parametric, percentile-based
approach. Despite being extremely recent, such an approach has already received some empirical
support by the concerning literature [Facchin et al., 2022b; Rizzi et al., 2022] — albeit the Authors
themselves highlighted that this variation of the ES method might entail relatively modest clinical
implications, given that these intermediate thresholds do not convey an inferential value
(regardless of whether they are parametrically or non-parametrically computed) [Facchin et al.,

2022a].
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2.3.4 Feasibility

Feasibility studies of cognitive screeners address both clinical and non-clinical populations,
with the ultimate scope of determining the extent to which the test is suitable to clinical practice
and research, as well as which are its use that are supported by empirical evidence [Aiello et al.,

2022a; 2022Db].

2.3.4.1 Back-translation and cultural adaptation

When adapting a screener to a given language/culture, it is advisable that, prior to its
standardization and further feasibility studies, a back-translation be performed by bilingual
individuals, who thus have sufficient proficiency in both the original language of the test and the
one it needs to be translated to [Ozolins et al., 2020; Aiello et al., 2022a; 2022b]. Back-translation
requires a first individual to translate test materials from the original to the target language, and
a second, independent one to translate the translated materials back to the original language
[Ozolins et al., 2020]. The two versions are then compared — possibly by a third, independent
rater — in order to detect potential discrepancies, which need to be accounted for — at least at a
qualitative level [Ozolins et al., 2020].

However, after back-translation, cultural adjustments might also be needed if the test includes
items to which examinees from different cultures are intuitively expected to response differently
[Uysal-Bozkir et al., 2013; Aiello et al., 2022a; 2022b]. For instance, within the Language subtest
of the MoCA, confrontation-naming pictures (i.e., rhinoceros, camel and lion) — which, within its
original, English version, were selected based on their low frequency (to heighten item
sensitivity) —, currently present 16 different variations worldwide in order to adapt to the
familiarity of individuals to the local animals by still keeping in line with the original low-

frequency criterion [Cova et al., 2022].
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2.3.4.2 Acceptability and ease of use

The extent to which the screener is acceptable to examinees when administered is a relevant
element in support to its feasibility [Larner, 2017a; 2017b; Aiello et al., 2022a; 2022b]. Such a
feature could be simply explored, within standardization/feasibility studies, by providing the
proportion of participants who are unwilling to undergo or complete the test, as well as by
collecting examinees’ experience during test execution [Holsinger et al., 2010; Aiello et al.,
2022a; 2022b] — in a way similar to the assessment of face validity (Sect. 2.3.1.1). Information
on test acceptability would indeed aid examiners in determining whether its use is suitable to
different settings and examinees’ characteristics: for instance, a well-accepted screener is likely
to be suitable even in acute, inpatient settings (e.g., at bedside), as well as to be administered to
individuals with scarce adherence due to behavioural alterations [Lawrence et al., 2003;
Renovanz et al. 2018; Aiello et al., 2022a; 2022b]. Relatedly, but instead referring to the
examiner’s experience, it would be useful to collect ratings on how “smart” is the test to be
administered, scored and interpreted [Richardson & Glass, 2002; Iracleus et al., 2010; Aiello et
al., 2022b]. Of note, the assessment of both the acceptability and the ease of use of a given

screening test is strongly advocated also within the abovementioned WHO guidelines (Sect. 1).

2.3.4.3 Ceiling/floor effects

The assessment of floor and ceiling effects, besides being linked to the abovementioned
issues of distributional assumptions within the statistical study of cognitive screeners (Sect.
2.3.3.2), also conveys relevant entailments towards their feasibility [Larner, 2017a; 2017b; Aiello
etal., 2022a; 2022b]. In respect to ceiling effects, despite being expected in Nls, they are desirable
not to be extreme [Hobart et al., 2013a; Aiello et al., 2022f]. Indeed, in such a case, this would
imply that the screener might not be sufficiently able to detect differences in cognitive abilities
for population-screening aims (Sect. 1) [Aiello et al., 2022f; llardi et al., 2022a]. However, it
should be noted that the detection of ceiling effects in healthy individuals should not lead users

to incautiously assume that a test is also scarcely informative when administered to patients [1hl
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et al., 1992; Aiello et al., 2022f; llardi et al., 2022a]. For example, it has been that shown the
Prehension behaviour item of the FAB, testing the prehension sign, has near-zero variance, and
thus almost absent discriminative power, in healthy individuals [llardi et al., 2022a]. However, if
a patient with frontal lobe lesions shows such a sign, it would be safe to assume that her/his
executive profile is featured by severe environmental dependency — and the occurrence of this
neurological sign would be of course diagnostically informative [llardi et al., 2022a; Aiello et al.,
2022f]. At variance, for obvious reasons, detecting ceiling effects in patients would be actually
detrimental towards the feasibility of a given cognitive screener — albeit such a scenario seldom
occurs [Ihl et al., 1992; Morris et al., 1999].

Floor effects are, by contrast, virtually improbable in healthy individuals — at least when
dealing with cognitive screeners —, although they can be detected in patients — which are likely to
obtain the lowermost scores on a test if presenting with severe cognitive impairment (e.g.,
dementing illnesses in advanced stages) [Morris et al., 1999; Hobart et al., 2013a]. Although
infrequently assessed, ceiling effects should be thus likewise explored for common cognitive
screeners [Aiello et al., 2022a], especially if addressed for the screening of full-blown dementing
states, in selected samples of patients. For instance, it has been shown that “easier” global
cognitive screeners are able to outperform the MMSE in patients scoring <12 on this test
[Barbarotto et al., 2000].

Practically speaking, the assessment of ceiling/floor effects might be however simply
performed by 1) computing the proportion of individuals that, within a given
standardization/feasibility study, obtain the uppermost/lowermost scores and/or 2) inspecting
skewness and kurtosis values of empirical test score distribution (with values >|1| and >|3|,
respectively, being possibly suggestive of ceiling/floor effects) [Ghasemi & Zahediasl, 2012;
Kim, 2013; Hobart et al., 2013a; Aiello et al., 2022a].
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2.3.4.4 Case-control discrimination, “case-case” discrimination and sensitivity to
severity

Case-control discrimination primarily refers to the capability of a given test to identify
individuals presenting with the target condition by differentiating them from healthy ones — this,
of course, representing a fundamental and unavoidable requirement [Larner, 2017a; 2017b; Aiello
et al., 2022a]. In such a connotation, case-control discrimination evidence is mostly supportive
towards population-screening aims — i.e., when examinees still have not come to clinical attention
(Sect. 1) [Franco-Marina et al., 2010]. However, it is advisable that screeners also allow to
discriminate, among individuals that in fact come to clinical attention, those who actually present
with the condition — this being relevant to case-finding aims (Sect. 1) [Mitchell & Malladi, 2010].

A further declination of case-control discrimination, herewith referred to as “case-case”
discrimination [Aiello et al., 2022a], refers to the capability of a given cognitive screener to
differentiate among patients presenting with different cognitive phenotypes [Larner, 2017b]. For
instance, the Addenbrooke’s Cognitive Examination (ACE) [Mathuranath et al., 2000] and its
subsequent versions [Crawford et al., 2012] were originally developed in order to aid the
differential diagnosis among subtypes of neurodegenerative dementias featured by partially
different clinical phenotypes, such as AD, FTD and Lewy body dementia (LBD) — and in fact
showed promising evidence in doing so [Larner, 2020e]. However, one should not expect that
case-case discrimination evidence be found for cognitive screeners that have been intentionally
developed with the aim of detecting overall cognitive impairment [Larner, 2017a; 2017b; 2020d;
2020e].

It is also advisable that cognitive screeners allow to discriminate between patients with
different degrees of cognitive impairment [Aiello et al., 2022a]. For instance, the MoCA proved
to be able to discriminate, among AD patients, those with clinically-defined mild vs. moderate or
severe dementia [Pan et al., 2020], as well as between patients having suffered from transient

ischemic attack and those with stroke [Pendlebury et al., 2012].
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At an analytical level, case-control discrimination can be tested through several approaches,
the most widespread being between-group comparisons on test scores (i.e., determining whether
they differ between cases and controls), or, by interchanging the predictor and outcome status,
by logistic regressions or ROC analyses (i.e., to determine whether test scores are able to predict
the positive state) [Larner, 2017a; 2020d; Aiello et al., 2022a]. The same set of analyses likewise
apply to case-case discrimination assessment, whereas sensitivity to severity evidence can be
yielded by implementing between-group comparisons [Larner, 2017a; 2020d; Aiello et al.,

2022a].

2.3.4.5 Responsiveness and practice effect

The sensitivity to change in cognitive functioning over time of a given test (i.e.,
responsiveness) is a pivotal feature for aiding its longitudinal adoption — which is relevant to both
clinical (e.g., for monitoring disease course and/or the effectiveness of pharmacological or non-
pharmacological treatments) and research scenarios (e.g., within prospective epidemiological
studies aimed at identifying protective/risk factors for the development of cognitive disorders in
the general populations) [Metitieri et al., 2001; Hobart et al., 2013a; Larner, 2017a; 2017b; Aiello
et al., 2022a]. Relevantly, the same analyses that allow to detect test responsiveness (e.g.,
repeated-measure comparisons or mixed models) might likewise yield information on practice
effect — i.e., a longitudinal increase in test scores that cannot be attributed to any ameliorating
factor (e.g., spontaneous recovery in stroke patients or the effectiveness of treatments), and thus
likely due to the familiarization with the test itself [Bartles et al., 2010; Aiello et al., 20223].
Therefore, the absence of significant differences between test scores at two time-points might be
concurrently interpreted as both a lack of practice effect on that test, as well as a lack of
responsiveness, depending on the experimental design (e.g., the presence of a control group), the
clinical population and the retest interval addressed [Duff, 2012]. Indeed, for instance, if
longitudinally assessing AD patients with a retest interval of 12 months with the MoCA, one

would reasonably expect its scores to decrease due to the ongoing neurodegenerative process, net
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of potential practice effects — something which has been actually proved [Costa et al., 2014]. At
the same time, when addressing amyotrophic lateral sclerosis (ALS) patients re-tested at a 6-to-
18-month interval, the absence of significant differences between baseline and follow-up scores
was interpreted as a lack of practice effect — which was, by contrast, detected in healthy controls
[Burkhardt et al., 2017]. Therefore, it is advisable that responsiveness and practice effect evidence
be contextualized, and exploited in clinical or research practice by complementing them with test-
retest reliability information and RCI measures — in this way getting a more comprehensive

perspective on the longitudinal feasibility of the target test [Duff, 2007].

2.3.4.6 Item-level information

Outside of CTT, Item Response Theory (IRT) represents an alternative, albeit potentially
complementary, framework for the statistical study of cognitive screeners [Baylor et al., 2011;
McGrory et al., 2014; Arifin & Yusoff, 2017; Aiello et al., 2022a]. At variance with CTT, which
focuses on the global score on a test, IRT rather addresses single items — and, more specifically,
their individual interaction with the latent trait being measured [Baylor et al., 2011]. Within the
health measurement field, IRT is most commonly adopted within the instrument development
stage, in order to select, from an initial pool of items, those that are featured by the best
measurement properties, and which will thus constitute the instrument itself [Arifin & Yusoff,
2017; Aiello et al., 2022b; llardi et al., 2022a]. However, when dealing with cognitive testing,
such a statistical framework is rather referred to with the aim of exploring the measurement
properties of each item included in given, already available test [McGrory et al., 2014; Aiello et
al., 2022a; 2022f; 2022i; 20221; 2022m].

More specifically, among the output of IRT analyses, two item parameters are of major
interest to the field of cognitive testing: difficulty, i.e. the level of latent ability required for an
individual to “pass” an item, and discrimination, i.e. the capability of an item to discriminate
between individuals having different levels of ability [McGrory et al., 2014; Aiello et al., 2022i].

In this view, IRT can be aimed at helping clinicians and clinical researchers gain as much
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information as possible from each item, in order to draw further, qualitative inferences that would
not be likewise yielded by looking at the global score on a test (or its subscales) [McGrory et al.,
2014; Aiello et al., 2022f; 2022i]. Practically speaking, an item featured by high difficulty is
expected to be easily failed by individuals with low levels of the underlying ability (i.e., global
cognition, if addressing a multi-domain screener such as the MMSE), and, at the same time, to
be less easily failed by individuals with higher ability levels [McGrory et al., 2014; Aiello et al.,
2022f; 2022i]. At variance, a highly discriminative item will be able to better differentiate
individuals with different ability levels when compared to a scarcely discriminative one
[McGrory et al., 2014; Aiello et al., 2022f; 2022i].

In a similar sense, IRT could also be useful to refine existing cognitive screeners: for
example, llardi et al. (2022a) proposed a version of the FAB which depletes the Prehension
behaviour item on the basis of its almost null difficulty and discrimination in a large,
normotypical population sample. However, as previously mentioned (Sect. 2.3.4.3), evidence of
such types needs replication in clinical samples, since the item properties detected in healthy
individuals represent a mere proxy of those possibly detectable in patients [Aiello et al., 2022f;
Ilardi et al., 2022a]. Similarly, shorter versions of cognitive tests can be developed through IRT,
by selecting best-functioning items — as was the case for the development of the brief format of
the MoCA [Roalf et al., 2016].

Moreover, IRT can be adopted for developing adaptive tests, i.e. tests whose items are
administered to the examinee based on her/his estimated level of ability [Wouters et al., 2009
Aiello et al., 2022a]. Adaptive tests — which are, for obvious, practical reasons, most of the times
computerized — are fairly common within the aphasiological literature [Baylor et al., 2011], as
well as within that regarding second-level assessment tools [Zygouris & Tsolaki, 2015], despite
limited, albeit promising, applications to cognitive screening being currently available [Wouters
et al., 2009; 2011; Konsztowicz et al., 2011].

Finally, an advanced application of IRT, namely differential item functioning (DIF), has

proved to deliver relevant insights into the feasibility of cognitive screeners [Teresi et al., 2000].
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DIF analyses indeed allow to determine whether item responses are biased based on a given
confounder, and have thus found their main usefulness in highlighting systematic discrepancies
based, e.g., on cultural backgrounds — something that has been investigated with regard to the
MMSE [Dorans & Kulick, 2006; Jones, 2006; Ramirez et al., 2006]. Within such a framework,
DIF approaches have great potential when addressed to the issue of cross-cultural feasibility of

cognitive screeners [Dorans & Kulick, 2006; Jones, 2006; Ramirez et al., 2006].

2.3.4.7 Qualitative-quantitative scoring

Although cognitive testing mostly relies on quantitative elements (i.e., test scores), it has
been historically advocated that such information be complemented by an accurate evaluation of
qualitative features that might provide insights into why examinees commit a given error [Kaplan,
1988] - this being unsurprising, given the inherently semeiotic nature of cognitive assessment as
a whole. For operationalization purposes, scoring methods that objectify, and thus quantify,
qualitative elements have been indeed developed for a number of cognitive tests [Poreh, 2012].
Relevantly, qualitative-quantitative scoring systems are particularly advisable for cognitive
screeners, as being intrinsically intended to provide the examiner with the greatest amount of
information as briefly and parsimoniously as possible [Shulman et al., 2006]. The most clear
example of this is arguably represented by the high number of qualitative-quantitative scoring
systems developed for the Clock Drawing Test (CDT) [Tuokko & O’Connell, 2006] — which, as
being a praxis-mediated task, lends itself as suitable for such a purpose. Notably, a qualitative
examination of errors committed on the CDT has been thoroughly shown to be informative
towards the differential diagnosis among different cognitive impairment profiles — e.g., spatial
and planning errors being more common in LBD and Parkinson’s disease (PD) when compared
to AD patients, consistently with the prominent visuo-spatial and executive involvement of the
first two disorders [Tan et al., 2015]. A similar argument applies to a qualitative scoring system

developed for the pentagon-copy task included within the MMSE, which has been shown to
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convey optimal discriminative power between patients with AD and LBD [Caffarra et al., 2013;

Mitolo et al., 2014]

2.4 Telephone-based cognitive screening

2.4.1 Rationale and background considerations

As outlined by the WHO (Sect. 1), a key element that should be common to screening
procedures is their easiness of implementation in routine clinical practice — this not only applying
to healthcare providers, but also to individuals seeking for or being delivered with such services.
Indeed, within both population-screening and case-finding scenarios (Sect. 1), a practicable
access to screening procedures should be granted to target populations by breaking down, to the
highest extent possible, geographical/logistical, demographic, socio-economic and organizational
barriers [Cochrane & Holland, 1971]. Screening procedures are in fact supposed to address a
large number of presumably healthy, but likely at-risk, individuals — at variance with properly
diagnostic ones, which are intended for selected, screening-positive persons, towards whom
relevant health concerns are addressed [Cochrane & Holland, 1971]. Within such a framework,
it comes as no surprise that telemedicine, when referred to as “the delivery of health care [...]
across distances” [Craig & Patterson, 2005], has historically represented a major driver to an
even, timely and cost-effective implementation of screening procedures in several fields of
medical practice [Hjelm, 2005] — including that of cognitive disorders [Mitrushina, 2009; Podell,
2021]. Somehow, even the abovementioned (Sect. 2.1 & 2.2) NAN recommendations by
Roebuck-Spencer et al. (2017) appear to overall prompt the adoption of remote technologies for
cognitive screening aims.

In fact, with specific regard to the field of cognitive screening, much effort begun to be put,
as early as the late ‘80s, into the development of tests that could be administered remotely by
means of accessible and widespread communication media [Brandt et al.,1988; Roccaforte et al.,
1992] — with the telephone meeting such requirements both at that time and, to an extent, still

nowadays [Kwan & Lai, 2013; Allaert et al., 2020]. More than 10 different telephone-based
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cognitive screening (TBCS) instruments were indeed available by the year 2000 [Castanho et al.,
2014] — which, beyond their primary scope to allow for first-level cognitive exams when an in-
person assessment was for any reason not practicable or preferable [Brandt et al., 1988], rapidly
started to take hold within large-scale, clinical studies, with a view of improving their viability
and accomplishment in a parsimonious and efficient manner [Breitner et al., 1990; Mangione et
al., 1993; Plassman et al., 1994; Gatz et al., 1995].

Over the last three decades, a large amount of evidence has in fact accumulated in support of
the feasibility and usefulness of TBCS tests as applied to clinical practice and research [Ball &
Mclaren, 1997; Smith et al., 2009; Wolfson et al., 2009; Martin-Khan et al., 2010; Herr & Ankri,
2013; Castanho et al., 2014] — with the recent COVID-19 pandemic having dramatically
highlighted the need for integrating telemedicine into both these settings, and thus having served
as a catalyzer towards further research on the topic of TBCS too [Carlew et al., 2020; Elliott et
al.,2020; Hunter et al., 2021; Watt et al., 2021; Zanin et al., 2022]. And verily, starting from
2020, an unprecedented increase has been witnessed worldwide in the clinical/research use of
tele-neuropsychology [Hammers et al., 2020; Rochette et al., 2021; Fox-Fuller et al., 2022;
Hewitt et al., 2022; Zanin et al., 2022], defined by the Inter Organizational Practice Committee
(IOPC) as “the application of audiovisual technologies [...] to conduct neuropsychological [...]
assessments” [Bilder et al., 2020; p. 648] —, i.e. an umbrella term under which TBCS also falls’.
However, when specifically referring to the assessment of cognition® for screening purposes,

telephone-based approaches arguably offer a more favorable cost-benefit balance than non-audio-

"The term “tele-neuropsychology” implicitly refers to a set of practices that should be performed by licensed psychologists
[Bilder et al., 2020; Postal et al., 2021]. Nevertheless, even if considering that TBCS is in fact comprised within tele-
neuropsychological practice, it is worth mentioning that it happens to be a specific modality of delivering cognitive
screening examinations, and thus might also fall under the area of expertise of practitioners with different backgrounds (e.g.,
neurologists, geriatricians, psychiatrist or physiatrists) [Block et al., 2017; Roebuck-Spencer et al., 2017]. With that said,
whilst the administration and scoring of TBCS tests might be performed by non-psychologist practitioners, it is the
interpretation of test results that is advisable to be performed by psychologists or, alternatively, by practitioners with
specific and proved expertise in cognitive disorders [Hessen et al., 2018; Kosmidis et al., 2022].
8“Neuropsychological assessment” is herewith referred to not only as the evaluation of cognitive functions, but also of an
individual’s behavioural profile (e.g., affective and motivational state), psychosocial status (e.g., personality traits) and
functional outcome (e.g., independence and quality of life) [Hessen et al., 2018; Block et al., 2017]. Thus, cognitive
assessment is herewith considered as part of neuropsychological assessment, being however not exhaustive of it [Block et
al., 2017].
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only provision media typical of tele-neuropsychology and similarly relying on Information and
Communication Technology (ICT)® [Barth et al., 2018; Vaskinn et al., 2013; Lam et al., 2020;
Webb et al., 2021; Zanin et al., 2022] —i.e., 1) videoconference-based assessment, 2) supervised,
remote administration of computerized tests and 3) unsupervised, self-administered web-based

tools [Bilder et al., 2020] —, despite sharing with the latter a number of upsides and downsides.

2.4.2 Benefits and shortcomings within the framework of remote testing

2.4.2.1 Utilization rate-related and organizational benefits

It is undoubtable that both telephone-based and other ICT-based approaches would warrant
a greater access to cognitive screening procedures, and thus an increase in their utilization rate,
by breaking down geographical and logistical barriers — as allowing, from both the receiver’s and
the deliverer’s standpoint, to 1) level out the uneven topographical distribution of
healthcare/research centers, 2) eliminate the costs and time of traveling long distances, 3)
circumvent transport issues associated with motor disabilities and 4) avoid the exposure of fragile
individuals to biohazards [Castanho et al., 2014; Brearly et al., 2017; Carlew et al., 2020; Marra
et al., 2020; Elliott et al., 2020; Aiello et al., 2022l; Zanin et al., 2022].

In turn, such advantages are supposed to help reduce socio-economic and demographic
disparities among receivers, as allowing to also reach out to underserved/rural and elderly
populations, respectively [Johnston et al., 2011; Vaskinn et al., 2013; Caze et al., 2020; Webb et
al., 2021; Alsabeeha et al., 2022; Tang et al., 2022]. However, at a closer inspection, a much
more effective management of such inequalities appears to be granted by adopting the telephone

over other ICT media [Chang et al., 2021; Sachs et al., 2021; Westby et al., 2021; Zanin et al.,

SWithin the field of tele-neuropsychology, three models of service provision have been identified [Postal et al., 2021]: 1) in-
clinic, i.e. both the examiner and the examinee are in the same healthcare/research center but in different locations; 2) in-
home, i.e. the examinee is at her/his place (or placed in a comparable location) while the examiner is located at her/his
workplace (which can be likewise be identified with her/his place); 3) hybrid, i.e. part of the examination is fully remote
(within either an in-clinic or an in-home scenario) and part occurs in-person (e.g., screening tests are administered remotely
while an in-depth assessment occurs face-to-face). If not otherwise specified, the content of the present Dissertation has to
be intended as applied indistinctly to the first two models — as well as to the third, provided that cognitive testing is
performed remotely.
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2022]. Indeed, from both providers’ and receivers’ standpoints, the former appears to be by far
more affordable, widespread and easy-to-use than the latter, also happening to be minimally
affected by, if not independent of, age, educational attainment, socio-economic status, ethnicity
and level of digital literacy [Demaerschalk, 2011; Barth et al., 2018; Lacritz et al., 2020; Lam et
al., 2020; Caze et al., 2020; Veinovic et al., 2021; Zanin et al., 2022] — thus proving to be, for
such reasons, both highly acceptable by examinees [Lacritz et al., 2020] and adequate for meeting
clinical/research questions from examiners’ viewpoint [Fox-Fuller et al., 2022].

In addition, providers may benefit from remote testing approaches also at an organizational
level, since they help optimize human and economic resources due to their being more flexibly
integrable, when compared to in-person assessments, into the dense work schedule that features
the vast majority of clinical and research institutions [Johnston et al., 2011; Hatcher-Martin et
al., 2020; Hewitt et al., 2021; 2022; Pulsifer et al., 2021; Webb et al., 2021; Zanin et al., 2022].
Relatedly, with specific regard to care settings, such organizational benefits would in turn reduce
waiting times from receivers’ standpoints — this again positively affecting deliverers’ work
schedules in a virtuous circle [Bilder et al., 2020; Postal et al., 2021]. Nevertheless, also in the
above terms, the telephone happens to be nimbler than other ICT media, as requiring providers
minimal or no set-up and training [Demaerschalk, 2011]. Notably, this advantage would apply to
providers also indirectly, since receivers too are expected to be more familiar with such a
communication medium — with the overall outcome of little time spent when delivering screening
services over the telephone [Demaerschalk, 2011].

Finally, highly practicable screening procedures, as is the case for those delivered over the
telephone, also happen to be beneficial on the long-term at a public health level: an easier and
evener access to first-level examinations indeed reduces diagnostic, and in turn interventional,
delays, this also resulting in decreased costs incurred by healthcare systems due to disease

management [Caze et al., 2020; Zanin et al., 2022].
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2.4.2.2 Modality-related shortcomings

On the other hand, a number of drawbacks happen to be inherent to remote testing, regardless
of the communication medium. First, such approaches imply the lack of a physical interaction
between the examiner and the examinee, this 1) possibly undermining examinees’ compliance,
motivation and engagement, 2) reducing the quantity and quality of behavioural information that
examiners are able to collect from direct observation and 3) preventing the examiner from
exerting full control over the administration setting (i.e., from erasing all potential sources of
suggestions and distractions) [Bilder et al., 2020; Postal et al., 2021; Zanin et al., 2022]. However,
it should be noted that the first of these shortcomings applies to a lesser extent if adopting the
telephone, since examinees will likely be more compliant if remotely tested through an everyday-
life communication channel [Lam et al., 2020]. By contrast, telephone-based approaches, as not
allowing any degree of visual contact, arguably heighten the last two issues [Castanho et al.,
2014; Carlew et al., 2020; Elliott et al., 2020] — which can be nevertheless contained, regardless
of the communication medium, by the mere fact of narrowing the focus of remote sessions to
screening aims [Web et al., 2021; Zanin et al., 2022]. Indeed, as to the second point, one has to
be aware of the fact that a claim of exhaustiveness cannot by nature feature a screening session,
and even more so if it is performed remotely [Larner, 2017a; Barth et al., 2018; Zanin et al.,
2022].

At the same time, a major downside that is specific to telephone-based approaches lies in the
fact that they inherently do not allow to assess a set of cognitive functions/domains relying on
visual stimuli and/or non-verbal responses — i.e., visuo-spatial abilities, praxis and written
language [Castanho et al., 2014; Carlew et al., 2020; Elliott et al., 2020; Marra et al., 2020]. It
thereupon follows that, when a screening session is intended to mandatorily target such
functions/domains, telephone-based testing happens to be inadequate or, at least, needs to be
complemented by non-audio-only approaches — as it would be the case, for instance, when a
diagnosis of posterior cortical atrophy is suspected, since visuo-spatial deficits represent the core

symptoms of this neurodegenerative condition [Crutch et al., 2017]. Furthermore, speaking of
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modality-specific issues, it appears as evident that individuals with uncompensated auditory
deficits are not eligible to undergo telephone-based examinations — this not being negligible in
the light of the relatively high incidence of hearing loss with advancing age [Quaranta et al.,
2015; Aiello et al., 2022m].

Finally, in respect to the third issue, since the timeframe of screening sessions is intrinsically
supposed to be short-lived (Sect. 1), the odds of error variance due to suggestions/distractions
entering test scores is likely to be lower when compared to an in-depth, second-level assessment

scenario [Johnston et al., 2011; Hunter et al., 2021].

2.4.2.3 Ethical-legal issues

Second, a number of ethical-legal issues may arise when dealing with both telephone-based
and other ICT-based approaches [Nittari et al., 2020; Kaplan, 2020]: 1) complying with the right
to privacy and confidentiality both at an infrastructural level — e.g., not all communication
channels conform to Country-specific/-superordinate laws and regulations that govern data
treatment — and with regard to situational elements — e.g., unwanted presence of third parties
(such as family members/caregivers) during test administration; 2) granting that providers have
an adequate level of knowledge and competence to deliver remote assessments®?; 3) ensuring
that applicable laws and regulations allow to acquire a valid informed consent from remote, as
well as that its attached form is exhaustive as to all of the abovementioned, multi-faceted potential
issues associated with remote testing; 4) maintaining test material integrity and security,
especially when protected by copyright laws — i.e., providers have to avoid, to the highest extent
possible, that test materials are in any form recorded, even unintentionally, by receivers, with the

final aim to prevent their undue distribution [Scott et al., 2021].

10Such an argument of course entails the most dramatic implications towards clinical practice, since practitioners have the
ethical-legal responsibility of delivering services whose theoretical foundations and techniques fall under their area of
expertise [Hessen et al., 2018; Kosmidis et al, 2022; Scott et al., 2021]. However, albeit in different terms, this argument
arguably applies to clinical research too: indeed, studies involving human subjects should be performed by researchers that
have undergone aim-specific trainings [Hessen et al., 2018; Kosmidis et al, 2022; Scott et al., 2021].
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However, with the exception of the acquirement of a valid informed consent, to which
providers are legally and ethically bound regardless of the communication channel [Scott et al.,
2021], the telephonic medium likely allows to contain remaining issues [Suran, 2022]. Indeed, as
to the infrastructural declination of the first listed argument, standard telephone lines commonly
do not record or store any data, but merely allow their transmission on a non-electronic base:
hence, such an ICT medium arguably conform to most privacy laws and regulations — as recently
outlined by a note of the U.S. Department of Health and Human Services (HHS) on the Health
Insurance Portability and Accountability Act (HIPAA)!-compliant use of audio-only
communication media for telemedical purposes [U.S. Department of Health & Human Services,
2022; Suran, 2022]. By contrast, telephone-mimicking ICT media other than landlines (e.g., those
mediated by voice-over-Internet technologies) might be featured by data recording/storage, thus
requiring providers specific acts that make the delivery of remote testing compliant with privacy
laws and regulations [Olanrewaju et al., 2013; Bilder et al., 2020; U.S. Department of Health &
Human Services, 2022; Suran, 2022]. Notably, the latter scenario applies to the vast majority of
widespread, non-audio-only platforms based on an Internet connection (e.g., videoconference
channels), with the exception of either their professional versions or media specifically developed
for telemedical practice — which, however, are arguably more economically burdening for
providers and less easy to adopt from both providers’ and receivers’ standpoints [Bilder et al.,
2020; Postal et al., 2021; Suran, 2022; U.S. Department of Health & Human Services, 2022;].
Furthermore, telephone-based approaches do not entail by nature the transmission of visual
information, this implying that potential breaches of data, albeit pernicious regardless of their
type, would be at least limited to audio-related ones [Olanrewaju et al., 2013]. Finally, as
highlighted by the above HHS note [U.S. Department of Health & Human Services, 2022], a

HIPAA-compliant telephone-based session would require providers, but not necessarily

1The HIPAA is a federal law enacted by the U.S.A. in 1996 with the aim of generating nationwide regulations that granted
the right to privacy within healthcare settings [Tovino, 2016]. At variance with the European Union-enacted, 2018 General
Data Protection Regulation, which governs the treatment of any type of data in every setting, the HIPAA only applies to
health information and thus healthcare providers [Tovino, 2016].
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receivers, to use a landline [Suran, 2022; U.S. Department of Health & Human Services, 2022] —
this further supporting, within such a legal framework, the high practicability of the telephonic
medium (Sect. 2.4.2.1) regardless of the actual device adopted by receivers [Bilder et al., 2020;
Postal et al., 2021].

At variance, towards the situational threats to privacy and confidentiality, no elements
specific to telephone-based approaches appear to be actually protective; nevertheless, as also
outlined with regard to the confounding effects of distractions/suggestions (Sect. 2.4.2.2), it
would not be unreasonable to postulate that the inherent brevity of screening procedures might
themselves reduce the chances of unwanted third parties entering testing sessions [Hunter et al.,
2021].

As to the requirement of examiners being adequately knowledgeable and competent to
deliver assessments through remote channels — which is deontologically binding for clinicians,
but likewise highly advisable for researchers at an ethical level [Scott et al., 2021] —, it should be
noted that, as also previously mentioned (Sect. 2.4.2.1), the vast majority of individuals are
familiar with the telephone, whose use requires minimal or no training [Lam et al., 2020].

Finally, with regard to maintaining test material security, the only issue related to telephone-
based assessments is represented by examinees (or people close to them during test
administration) writing down/audio-recording task instructions and/or verbal stimuli — which
however is arguably an unlikely threat due to already stressed shortness of screening sessions
[Johnston et al., 2011; Hunter et al., 2021]. By contrast, the adoption of non-audio-only, ICT-
based approaches arguably exposes providers to potential violations of test material security to a
higher extent, due to the inherent need of additionally sharing visual stimuli — especially if this
has to be done prior to testing sessions, for instance by e-mailing examinees with stimuli

themselves [Bilder et al., 2020; Postal et al., 2021; Scott et al., 2021].
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2.4.3 Clinical and research applications

In the light of their advantages (Sect. 2.4.2.1), and even in spite of their limitations (Sect.
24.2.2 & 2.4.2.3), TBCS approaches have actually gained, as previously noted (Sect 2.4.1),
substantial empirical support as to their clinical/research utility.

Beyond the previous, general considerations (Sect. 2.4.1 & 2.4.2.1) on their potential
applications, it is worth making a number of considerations based on existing contributions that
focused on performance-based tests within particular, either clinical or research scenarios.

TBCS tests have been indeed proved to be clinimetrically sound and feasible, within case-
finding scenarios, for detecting cognitive dysfunctions in individuals with etiologically various
conditions either primarily affecting the brain — e.g., MCI and dementia due to AD [Cook et al.,
2009; Knopman et al., 2010; Wilson et al., 2010; Alexopoulos et al., 2021], PD [Weuve et al.,
2013; Benge & Kiselica, 2021; Flores-Torres et al., 2021], both acute and chronic cerebrovascular
diseases [Desmond et al., 1994; Barber & Stott, 2004; Pendlebury et al., 2013; Brundel et al.,
2014; Chen et al., 2015; Zietemann et al., 2017], multiple sclerosis (MS) [Geoerge et al., 2016],
ALS [Christodoulou et al., 2016], traumatic brain injury (TBI) [DiBlasio et al., 2021; Nelson et
al., 2021] and brain neoplasms [DeWitte et al., 2019] — or entailing secondary encephalopathic
sequelae — e.g., pulmonary [Taichman et al., 2005; Christie et al., 2006], cardiovascular [King et
al., 2006; Gure et al., 2012; Lai et al., 2022] and nephrological diseases [Khatri et al., 2009;
Davey et al., 2013], non-brain neoplasms [Heflin et al., 2005], diabetes [Van den Berg et al.,
2010; Xie et al., 2022], glaucoma [Mullany et al., 2022], COVID-19 [Soldati et al., 2021; Liu et
al., 2022] and HIV [Gonzalez et al., 2022].

Furthermore, TBCS tests have likewise been successfully applied within population-
screening scenarios addressing either individuals with subjective cognitive decline (SCD)
[Amariglio et al., 2011] or supposedly normotypical, both elderly [Gatz et al., 2002; Van Uffelen
et al., 2007; Breitling et al.,, 2010] and non-elderly populations [Lachman et al., 2014].
Remarkably, promising evidence on the efficiency and effectiveness of TBCS testing procedures

for population-screening aims in older adults has been delivered within primary care settings too
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[Johnston et al., 2011; Dewar et al., 2020; Abdulrahman et al., 2022]. In this last respect,
epidemiological studies also happened to provide “unintended” hints that could be caught by
clinical practice — i.e., the adoption of multi-stage models for identifying individuals with
cognitive disorders, entailing an initial administration of a TBCS test followed, in the case of a
positive result, by an in-person clinical examination [Gatz et al., 2005; Zanin et al., 2022].
Furthermore, and relevantly for clinical practice, TBCS tests have been also shown to be able to
account for/predict daily functional outcomes in both healthy and brain-damaged individuals
[Mayer et al., 2002; De Marchis et al., 2016; Tremont et al., 2016; Margolis et al., 2018; Dixon
et al., 2022].

The above being said, it is worth stressing that users’ choice to prefer a telephone-based over
an in-person screening session arguably has to be underpinned by a more careful cost-benefit
analysis within a clinical than a research setting [Bilder et al., 2020; Postal et al., 2021]. Indeed,
net of the advantages that the telephonic medium might inherently offer (Sect. 2.4.2.1), and
provided that an adequate degree of knowledge and competence with regard to telephone-based
testing is possessed (Sect. 2.4.2.3), clinician’s decision-making on the matter has to be primarily
guided by 1) referral questions and 2) patients' characteristics (Sect. 2.4.2.2) — e.g., if visuo-
spatial, praxic or written language deficits need to be screened for, as well as if a patient is already
known to be cognitively/behaviourally impaired to such an extent that would make her/him
completely dependent upon a caregiver in her/his use of the telephone, the option of delivering a
screening session over the telephone should be ruled out [Postal et al., 2021; Scott et al., 2021].

With regard to research applications, TBCS tests have been historically adopted, as
previously mentioned (Sect. 2.4.1), within large-scale/population-based, epidemiological
investigations focusing, in various capacities, on cognitive disorders [Lachman & Tun, 2008] —
and to this day still represent gold-standard outcomes for a parsimonious implementation of such
studies [Castanho et al., 2014; Elliott et al., 2020; Riley et al., 2022; Zanin et al., 2022]. However,
it is worth mentioning that TBCS testing happened to be exploited for further research purposes

—e.g. 1) the identification of participants that, based on a given set of inclusion/exclusion criteria,
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are eligible/not eligible to be enrolled in either clinical trials targeting cognitive disorders [Yaari
etal., 2006; Espeland et al., 2011; Reckess et al., 2013] or in epidemiological studies on cognitive
functioning [Crooks et al., 2005; Wolfson et al., 2006], 2) the detection of incident cognitive
decline in brain bank-registered individuals that had been assigned the status of control — i.e.
supposedly healthy — subjects [Maya et al., 2022].

On top of the above considerations, it is also relevant to note that TBCS approaches have
been proved particularly useful when repeated assessments over time are due, this applying both
to clinical practice — preventing from discontinuations in patients’ monitoring both when
addressing chronic conditions (e.g., neurodegenerative dementias [Doody et al., 2005] or general-
medical disorders [Beeri et al., 2003; Covello et al., 2021]) and after acute events (e.g., following
hospitalizations for either the treatment of severe internal conditions [Mikkelsen et al., 2012,
Dams-O'Connor et al., 2018; Bulic et al., 2020] or surgery [Blair et al., 2021]) — and research —
as allowing to decrease the rate of loss to follow-up within longitudinal investigations [Lachman
& Tun, 2008; Castanho et al., 2014; Herr & Ankri, 2013; Zanin et al., 2022].

Finally, one should also consider that TBCS tests, as not relying on visual stimuli (from both
the examiner’s and the examinee’s standpoints) and minimally on physical supports, can be
suitable for administration within those settings/scenarios that require such features — e.g. for
assessing individuals with vision or upper-limb impairments [Ferrucci et al., 1998], as well as for
bedside evaluations and examinations that are carried out in infectious environments (e.g., within
COVID-19 units) [Trapp et al., 2021; Aiello et al., 20221]. However, in such cases, ad hoc

standardization and feasibility studies need to be performed [Aiello et al., 20221].

2.4.4 Standardizing telephone-based cognitive screeners: methodological and statistical
considerations

The abrupt shift from in-person to remote testing faced by clinicians and researchers with the
COVID-19 outbreak was arguably paralleled by an insufficient amount of statistical evidence

availing it [O’Connell et al., 2021; Zanin et al., 2022]. Large-scale surveys on the topic in fact
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systematically identified the lack/paucity of tests specifically standardized for remote use, as well
as the unreliability of statistical evidence supporting those already available/intuitively adaptable
for such purposes, as major barriers to the adoption of tele-neuropsychological approaches by
potential users [Hammers et al., 2020; Rochette et al., 2021; Fox-Fuller et al., 2022] — this
likewise applying to TBCS tests (Sect. 2.4.1).

Indeed, whilst being undeniable that, as for in-person cognitive screeners, TBCS tests too
need to be normed (Sect. 2.3.3) and assessed for their clinimetrics (Sect. 2.3.1 & 2.3.2) and
feasibility (Sect. 2.3.4), it has to be borne in mind that such information need to be derived from
modality-specific studies — this also applying when an existing, in-person screener is adapted to
administered over the telephone, regardless of whether the two formats are equal/similar in their
item content, requirements to examinees and scoring procedures [Larner, 2021f; Aiello et al.,
2022f; 20221; 2022m; 2022n; 20220; Smith et al., 2022; Zanin et al., 2022;].

It has been in fact acknowledged that the remote administration modality can per se enter
further error variance in test scores, thus undermining the comparability between in-person and
telephone-based measures, due to 1) the inability to fully control environmental distractors or
facilitators, 2) issues related to audio quality and 3) a reduced engagement resulting from the
absence of a face-to-face interaction [Martin-Khan et al., 2010; Booth et al., 2021; Binng et al.,
2021; Hunter et al., 2021; Aiello et al., 20220]. Relevantly, such elements may exert even greater
confounding effects on test scores when dealing with examinees featured by sensory-motor,
behavioural or cognitive disorders [Martin-Khan et al., 2010; Booth et al., 2021; Binng et al.,
2021; Hunter et al., 2021; Aiello et al., 20220].

Moreover, as mentioned above, it is worth stressing that such arguments apply net of the
similarities between the in-person and telephone-based formats [Aiello et al., 20220]. More
specifically, with regard to those tests that originally included tasks relying on visual
elements/physical supports, their telephone-based format, as entailing modality-specific
adaptations, cannot be regarded as comparable to their in-person version not only in the case of

different ranges — as is the case for the telephone-based MoCA, which, at variance with the
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original MoCA, ranges 0-22 [Pendlebury et al., 2013] —, but also when ranges are equal across
the two modalities — as is the case for the original ALS Cognitive and Behavioral Screen (ALS-
CBS) [Woolley et al., 2010], which shares with its telephone-based version the same range (0-
20) in spite of a few items having been adapted for telephone use [Christodoulou et al., 2016;
Aiello et al., 20221]. Furthermore, modality-specific norms, clinimetrics and feasibility evidence
have been also advocated for tests that appear to be equal both in their item content and in their
requirements/scoring procedures [Hunter et al., 2021; Aiello et al., 20220] — e.g., the oral Trail-
Making Test [McComb et al., 2010] or verbal fluency tasks [Aiello et al., 20220] administered
face-to-face and over the telephone.

Given the above considerations, it comes as no surprise that, among all clinimetrics,
reliability (Sect. 2.3.1.2) has been identified as the one being affected the most when shifting the
perspective from in-person to telephone-based assessments [Hunter et al., 2021]. Therefore, in-
depth studies of all reliability computations (Sect. 2.3.1.2) are specifically advisable when
standardizing TBCS tests.

In addition, and beyond reliability, it has been stressed that TBCS tests need to be also
assessed for their convergent validity towards face-to-face screening measures [Binng et al.,
2021; Booth et al., 202; Hunter et al., 2021; Smith et al., 2022]. In fact, despite an association
between telephone-based and in-persons cognitive performances is intuitively expected, one
cannot simply take for granted that tests administered over the telephone are “[...] measuring the
same thing [...]” [Booth et al., 2021; p. 251] as face-to-face ones do [Smith et al., 2022].

Such a convergence against in-person measures can be examined flexibly based on whether
the two formats empirically share the same score range or not. In the former case, the advisable
analytical approach is that of equivalence testing by a two one-sided test (TOST) procedure (Sect.
2.3.1.2) —i.e., exploring whether, net of the changes owed to the telephone adaptation, the effect
size of the mean difference between in-person and telephone-based scores can be regarded as
equal to zero [Schuirmann, 1987; Lakens, 2017; Lakens et al., 2018]. As an example, equivalence

tests have successfully applied in order to test the comparability between the telephone-based and
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in-person ALS-CBS [Christodoulou et al., 2016; Aiello et al., 20221] and that between an 22-
item, in-person MoCA (which drops visual-/physical support-reliant items) with its telephone-
administered format [Katz et al., 2021]. Interestingly, such an approach could be also applied to
measures whose maximum score is not bounded — e.g., if aiming to test the equivalence between
face-to-face and telephone-administered verbal fluency tasks [Aiello et al., 20220].

A somehow similar analytical approach, which however focuses on single items rather than
global scores (Sect. 2.3.1.2) , is that of testing the measurement invariance across the two
modalities by means of CTT-based, exploratory/confirmatory dimensionality-reduction
techniques or IRT-based models (Sect. 2.3.4.6) [Booth et al., 2021]. Briefly, the goal of such a
method lies in demonstrating the comparability between the two test formats based on their latent
structure [Mungas et al., 2011].

By contrast, when test ranges are different, one can rely on simple correlational analyses in
order to estimate the degree of convergence between face-to-face and telephone-based measures
[Booth et al., 2021; Hunter et al., 2021; Aiello et al., 2022n]. Notably, such analyses would be
suitable not only when examining the association between two versions of a same test (e.g., the
30-item, in-person MoCA vs. its 22-item, telephonic format), but also between two different tests
(e.g., the telephone-based MoCA vs. the in-person MMSE) [Geddes et al., 2020] — with the face-
to-face measure possibly being represented by second-level, comprehensive tests too. For
instance, it has been shown that the Telephone Interview for Cognitive Status (TICS) [Brandt et
al., 1988], i.e. the most widespread TBCS test [Castanho et al., 2014; Elliott et al., 2020], not
only converges with in-person cognitive screeners (e.g., the MMSE) [Dal Forno et al., 2006], but
also with an extensive set of face-to-face, domain-specific measures [Van Den Berg et al., 2012;
Castanho et al., 2016].

Relatedly, a note on the key role of criterion, and more specifically ecological, validity
assessment (Sect 2.3.1.1) for TBCS tests is worth a mention: indeed, whilst assessing such a
property is advisable with regard to face-to-face screeners too, it appears to be even more relevant

when referring to TBCS tests, since the nonstandard administration modality reasonably raises
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the question whether such measures are de facto predictive of individuals’ actual, daily cognitive
functioning [Geddes et al., 2020; Booth et al., 2021].

Furthermore, a set of statistical approaches that can aid the feasibility of TBCS tests is
represented by test linking/equating procedures, which allow to derive straightforward
conversion algorithms from one measure to another — mostly in order to circumvent inter-/intra-
rater heterogeneity in test adoption, both in cross-sectional and longitudinal scenarios, as well as
to allow for retrospective analyses of databases including either one of the two measures
considered [Fong et al., 2009; Roalf et al., 2013; Hlavka et al., 2021; Aiello et al., 2022p]. While
test equating has been mostly adopted to develop conversion norms between the two most
widespread screeners, i.e. the MMSE and the MoCA [Siqueira et al., 2019; Hlavka et al., 2021,
Aiello et al., 2022p], such an approach has also proved useful to derive crosswalks between TBCS
tests and in-person cognitive screeners (e.g., between the TICS and the MMSE) [Fong et al.,
2009; Hlavka et al., 2022]. Indeed, when applied to TBCS tests, test equating additionally allows
for a greater flexibility in the adoption of different assessment modalities, especially when
repeated evaluations are due — e.g., an individual might underwent an in-person testing via the
MMSE at baseline and followed-up with the TICS without losing the possibility to validly
compare the two performances [Hlavka et al., 2022].

Finally, a consideration it has been advocated that single item-level analyses based on IRT
(Sect. 2.3.4.6) might allow relevant insights into the issue of cross-modality comparability
[Hunter et al., 2021; Zanin et al., 2022]. For instance, it would be indeed reasonable to postulate
that a same orientation-to-place item may have different measurement properties when
administered face-to-face — e.g., within a clinic — and over the telephone — e.g., when the

examinee is at home, which is a much more familiar location than the clinic [Aiello et al., 2022f].
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General disclaimer applying to Section 3

Section 3 of the present Dissertation (pp. 67-105) has been built, in a monographic fashion,
upon a number of papers published by myself and my colleagues. More specifically, Sections
3.1, 3.2 and 3.3 summarize the highlights and expand two published reviews [Aiello et
al.,2022a; Zanin et al., 2022], whilst Section 3.4 displays the key elements of a number of
published research articles [Aiello & Depaoli, 2022; Aiello et al., 2022c; 2022d; 2022¢; 2022f;
2022h; 2022i; 20221; 2022m; 2022n; 2022p]. | am the first listed Author within all of these
articles and | serve as a Corresponding Author for them, except for the review by Zanin et al.
(2022). However, despite being the second listed Author, I have contributed equally to Dr. Elia
Zanin and | serve as the Corresponding Author for this review.

With regard to those articles by myself and my colleagues that have not been published
under a CC BY 4.0 license, | received permission to reproduce them in full or in part, and thus
to build upon them, by the copyright owners — i.e., Springer Nature and Taylor & Francis
Group.

More specifically, Springer Nature is the copyright owner of the following, non-open-

access articles:

e Aiello, E. N., Rimoldi, S., Bolognini, N., Appollonio, I. M., Arcara, G. (2022a).
Psychometrics and diagnostics of Italian cognitive screening test: a systematic
review. Neurological Sciences, 43, 821-845.

e Aiello, E. N., Esposito, A., Appollonio, I., Bolognini, N. (2022d). Diagnostic
properties of the Frontal Assessment Battery (FAB) in Italian healthy adults. Aging
and Clinical Experimental Research, 34, 1021-1026.

e Aiello, E. N., Esposito, A., Pucci, V., Mondini, S., Bolognini, N., Appollonio, 1.
(2022f) Italian telephone-based Mini-Mental State Examination (ltel-MMSE): item-
level psychometric properties. Aging and Clinical Experimental Research, 34,

1259-1265.
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e Aiello, E. N., Esposito, A., Giannone, I., Diana, L., Appollonio, I. M., Bolognini, N.
(2022m). Telephone Interview for Cognitive Status (TICS): Italian adaptation,
psychometrics and diagnostics. Neurological Sciences, 43, 3071-3077.

e Aiello, E. N., Pasotti, F., Appollonio, 1., Bolognini, N. (2022p). Equating Mini-
Mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA)
scores: conversion norms for the Italian population. Aging Clinical and
Experimental Research, 34, 1721-1724.

e Zanin, E., Aiello, E. N., Diana, L., Fusi, G., Bonato, M., Niang, A., Ognibene, F.,
Corvaglia, A., De Caro, C., Cintoli, S., Marchetti, G., Vestri, A. (2022). Tele-
neuropsychological assessment tools in Italy: a systematic review on psychometric

properties and usability. Neurological Sciences, 43, 125-138.

Taylor & Francis Groups is instead the copyright owner of the following, non-open-access

article:

e Aiello, E. N., lazzolino, B., Pain, D., Peotta, L., Palumbo, F., Radici, A., Canosa,
A., Moglia, C., Calvo, A., Mora, G., Chio, A. (2022¢). The diagnostic value of the
Italian version of the Edinburgh Cognitive and Behavioural ALS Screen (ECAS).

Amyotrophic Lateral Sclerosis and Frontotemporal Degeneration, 23, 527-531.

Therefore, the above-listed, non-open-access articles, as well as verbatim excerpts from
them that have been included in Section 3 of the present Dissertation (pp. 67-105), cannot be
reproduced without written permission by their respective copyright owner.

Citations to such articles are always provided for unoriginal, adapted contents. Direct
quotations of excerpts from the aforementioned articles are clearly marked by means of double
quotations marks, being also introduced and/or closed via a bracketed ellipsis. Within such
direct quotations, omissions are also marked via a bracketed ellipsis, whereas stylistic word
changes and amended typographical errors are italicized and appear within square brackets. No

fundamental changes to the original content of such published articles have been applied within
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the present Dissertation; minor content-related changes outside of direct quotations are clearly
marked by means of a footnote, and the reason(s) underlying them are explained. For the sake
of readability, the aforementioned rules for direct quotations have not been applied for
numerical contents: nevertheless, in these cases, citations to the article from which such
numerical contents have been extracted are provided. Moreover, when reporting such numerical
contents, rounding or conversions from frequencies to percentages (and vice-versa) are not

marked — as being merely stylistic changes.
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3. Cognitive screeners in Italy: an overview

3.1 Attitudes towards cognitive screening in Italy

In Italy, an overall favour towards the adoption of cognitive screening procedures can be
traced both within primary care and, although to a lesser extent [Bond et al., 2010], within
specialist settings — especially when referred to degenerative and vascular, age-related cognitive
disorders [Bianchetti et al., 2019; Limongi et al., 2019; Ricci, 2019; Aiello et al., 2022c], given
that Italy accounts for one of the largest elderly population worldwide [Canevelli et al., 2021].
Solid efforts have been indeed historically put by Italian Institutions in dealing with the multi-
faceted burden (Sect. 1, 2.1 & 2.2) of cognitive disorders [Canevelli et al., 2021] — with a
Dementia National Plan having being also issued in 2014 by the Italian Ministry of Health to the
ultimate goal of providing a nationwide, homogeneous set of organizational regulations
specifically dedicated to the diagnosis and treatment of such conditions [Di Fiandra et al., 2014].

With specific regard to TBCS, although current national guidelines'? [Ministero della Salute,
2020] on the delivery of telemedicine forecast its application within the specialist sectors of
psychology, neurology and psychiatry [Ministero della Salute, 2014; p. 14], they do not explicitly
mention the telephone as a medium to deliver such services — strongly encouraging, at variance,
the use of videoconference-based ICT media [Ministero della Salute, 2020; p. 12]. Hence,
although such guidelines frequently highlight the potential of telemedicine to improve healthcare
services as delivered to patients suffering from chronic conditions, as well as, in general, from
those that severely affect public health [Ministero della Salute, 2014; 2020] — with the majority
of cognitive disorders thus reasonably falling within such a category —, ad hoc regulations that
would allow the use of TBCS tests are, to the best of the Present Author’s knowledge, still lacking
in Italy [Zanin et al., 2022].

Notably, a conspicuous interest towards cognitive screeners has been likewise manifested by

the Italian scientific community too, as indexed by the widespread use of such measures within

125uch guidelines, approved by the Italian Ministry of Health, consensually with Italian Regions and Autonomous
Provinces, in December 2020 [Ministero della Salute, 2020], were first formulated in February 2014 [Ministero della Salute,
2014].
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the numerous epidemiological studies on cognitive disorders that have been carried out within
the last four decades [De Ronchi et al., 2005; Tognoni et al., 2005; Moretti et al.,2013; Bruti et
al., 2016]. Italian researchers devoted to the development and standardization of cognitive
screeners have been thus playing a key role within the above framework [Aiello et al., 2022a] —
as providing the scientific community with outcome measures to be employed for advancing the
knowledge on both the epidemiology of cognitive disorders and the efficacy of treatments
addressed to such conditions, as well as practitioners with a range of instruments to be adopted
in routine clinical practice [Limongi et al., 2019].

In fact, as shown within a systematic review by the Present Author and his colleagues [Aiello
et al., 2022a], several domain-/disease-specific or -nonspecific cognitive screeners have been
made available to Italian practitioners/researchers, either by adaptation or anew-development,
between the early 1990s’ and the year 2021'% — with only two of these being telephone-based,
namely the Italian telephone-based MMSE (Itel-MMSE) [Metitieri et al., 2001; Vanacore et al.,
2006] and the Italian version of the TICS (I-TICS) [Dal Forno et al., 2006].

3.2 A critical glance at Italian cognitive screeners

As already pointed out, Aiello et al.’s (2022a) review shed light on the fact that several Italian
cognitive screeners happen not to come with an adequate level of clinimetric quality (Sect. 2.3.1
& 2.3.2) for use in clinical practice and research.

In the first place, the Present Author and his colleagues found that a disproportionate focus
on norm derivation, when compared to other clinimetric features, could be traced within the
Italian literature on cognitive screeners [Aiello et al., 2022a] — this arguably being an heritage of
a similar, strong emphasis which has been traditionally placed on the provision of normative data
when standardizing second-level cognitive tests [Spinnler & Tognoni, 1987; Bianchi & Dai Pra,

2008; Mondini et al., 2016]. Such an Italian trend, which is of course not unfortunate per se —

130f course, such a claim applies up to the month when this systematic review [Aiello et al., 2021a] was submitted for
publication, i.e. August 2021, and is limited to those records that were retrieved and reviewed within the context of the work
itself.
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given the unavoidable need for normality thresholds being available (Sect. 2.3.3) —, somehow
becomes such if it happens to overshadow the assessment of test psychometrics (Sect. 2.3.1) and
diagnostics (Sect. 2.3.2).

In addition, the synoptic work by Aiello et al. (2022a) highlighted a further range of issues
related to the clinimetric quality of a number of Italian cognitive screeners: 1) a tendency of
mistaking, at both an analytical and interpretative level, convergent for concurrent validity; 2) the
infrequent assessment of criterion, and especially predictive, validity; 3) a predominant trend to
assess construct validity by convergence, this resulting in a partial neglect of divergent validity;
4) the virtual absence of content and ecological validity evidence, as well as the infrequent
exploration of “factorial” validity; 5) an overreliance on internal consistency to assess reliability
— also in the absence of evidence on test unidimensionality; 6) the frequent unavailability of
parallel forms, as well as the ubiquitous lack of RClIs, for a given test — both elements
undermining its longitudinal feasibility; 7) the uncommon integration between CTT- and IRT-
based techniques. Thereupon, notwithstanding that the above review by the Present Author and
his colleagues did not allow to draw definite conclusions on the feasibility of Italian cognitive
screeners, as having solely addressed original standardization studies, it clearly showed that, at
least at a clinimetric level, there was still room for improvement [Aiello et al., 2022a].

The above being said, it has to be nevertheless noted that, within the aforementioned review
[Aiello et al., 2022a], the Present Author and his colleagues identified, by means of an ad hoc-
developed quality assessment tool — the Cognitive Screening Standardization Checklist (CSSC)*,
(range=0-42, with higher scores corresponding to higher-quality standardization studies) —, a
number of cognitive screeners that were deemed at that time optimal as to their level of

recommendation, as having been assigned a CCSC score equal to or higher than 50% of the

14The CSSC has been designed consensually by the Authors of the above review [Aiello et al., 2022a] based on the
recommendations delivered by Larner (2017a; 2017b) and Quinn & Takwoingi (2017). It has been intended to assess
original standardization studies, which address either at least one clinimetric property (among psychometrics and

diagnostics; Sect. 2.3.1 & 2.3.2) or focus on norm derivation (Sect. 2.3.3). The CSSC is thus scarcely suitable for assessing

studies that solely addressed feasibility (either intentionally or incidentally). It indeed comprises two sections — the first

focused on the features of the normative sample (range=0-13), the second on clinimetrics, norms and basic feasibility
features (range=0-29).
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maximum (i.e., >21) [Aiello et al., 2022a]. Namely, among domain-nonspecific ones, this was
true for the MoCA (CSSC=34) [Conti et al., 2015; Pirrotta et al., 2015; Santangelo et al., 2015;
Bosco et al., 2017; Siciliano et al., 2019a; Aiello et al., 2022i], the Addenbrooke’s Cognitive
Examination-Revised (ACE-R; CSSC=31)" [Pigliautile et al., 2011; 2015; Siciliano et al.,
2016a], the MMSE (CSSC=27) [Mazzoni et al., 1992; Measso et al., 1993; Magni et al., 1996;
Cossa et al., 1999; Grigoletto et al., 1999; Carpinelli-Mazzi et al., 2020], the Milan Overall
Dementia Assessment (MODA; CSSC=25)% [Brazzelli et al., 1994; Cossa et al., 1999], the
Italian version of Rouleou et al.’s (1992) scoring system of the CDT (CSSC=23) [Siciliano et
al., 2016b] and the Test Your Memory-Italian (TYM-I; CSSC=24)* [Barulli et al., 2021].
Moreover, among domain-specific screeners, only the FAB (CSSC=24) [lavarone et al., 2004;
Appollonio et al.,, 2005] and the Screening for Aphasia in Neurodegeneration (SAND,;
CSSC=27)*° [Catricala et al., 2017; Battista et al., 2018] were assigned a CSSC score higher than
50% of the maximum, whereas, among disease-specific ones, only the ALS-CBS (CSSC=26)
[Tremolizzo et al., 2020] and the Edinburgh Cognitive and Behavioural ALS Screen (ECAS;
CSSC=21)% [Poletti et al., 2016; Siciliano et al., 2017] came with a CSSC score >21. Overall,

such in-person screeners were at the time judged by Aiello et al. (2022a) as coming both with

15A revised version of the original ACE [Mathuranath et al., 2000] was introduced by Mioshi et al. (2006) with the wide-
ranging aim of improving its clinimetrics and feasibility — by maintaining, at the same time, its original goal of both
detecting cognitive disorders and differentiating among their phenotypes; the ACE-R ranges 0-100, assesses both
instrumental and non-instrumental domains/functions and takes =15’ to be administered [Pigliautile et al., 2011].
6The MODA is a genuinely Italian, global rating scale, ranging 0-100 and taking =30-45 to be administered, which targets
cognition, behaviour and function; its cognitive section is performance-based and targets both instrumental and non-
instrumental domains/functions; it has been designed to detect dementing conditions (especially within the AD spectrum)
[Brazzelli et al., 1994; Cossa et al. 1999].
This CSSC value slightly differs from that reported within Aiello et al.’s (2022a) review due to the fact that the Present
Author, for the sake of parsimony, chose to herewith refer to the standardized scoring system that, taking separately, scored
higher on the CSSC itself — i.e., that by Siciliano et al., (2016b).
18The TYM-I [Barulli et al., 2021] has been adapted from the original TYM by Brown et al. (2009); it is a self-
administered, performance-based cognitive screener (range=0-50; administration time: =~10”) targeting both instrumental
and non-instrumental domains/functions, suitable for detecting both MCI and dementing conditions [Barulli et al., 2021].
1®The SAND is an Italian screener for language deficits [Catricala et al., 2017], inspired to and substantially overlapping
with the Mini-Linguistic State Examination [Patel et al., 2022], which has been originally intended to aid the differential
diagnosis among PPA variants. It does not come with a total score, as each task being featured by its own range; it takes
~15-20 to be administered.
2The ltalian ECAS is an adaptation of the original, English one [Abrahams et al., 2014]; it is an ALS-specific cognitive
screener, assessing both instrumental and non-instrumental domains/functions by accommodating for motor disabilities; it
ranges 0-136 and takes =15-20° to be administered.
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sound clinimetrics and norms - with the exception of Siciliano et al.’s (2016b) CDT, whose
strength “solely” relied on the high quality of its norms and psychometrics. Moreover, based on
the above review [Aiello et al., 2022a], an “honorable mention” should be also awarded to two
other disease-specific screeners — namely the Parkinson’s Disease Cognitive Rating Scale (PD-
CRS)?! [Santangelo et al., 2014; 2017] and the HIV Dementia Scale-Italian (HDS-IT)?
[Montanucci et al., 2021], both having been assigned a CSSC=19.

As to Italian TBCS tests, Aiello et al. (2022a) found that the Itel-MMSE and I-TICS felt
below the aforementioned CSSC cut-off: indeed, while promising evidence had been delivered
in the early 2000s’ on the clinimetric value and feasibility of both tests [Metitieri et al., 2001; Dal
Forno et al., 2006; Vanacore et al., 2006], neither the latter nor the former came with an extensive
standardization [Zanin et al., 2022]. Nevertheless, a further, systematic review on the clinimetrics
and feasibility of Italian tele-neuropsychological instruments, undertaken by the Italian Working
Group on Tele-Neuropsychology (TELA)? and to which the Present Author substantially
contributed [Zanin et al., 2022], showed that a consistent amount of Italian contributions available
on the topic up to March 2021 focused on TBCS tests. Indeed, it is worth mentioning that the
aforementioned statistical limitations did not prevent Italian clinical researchers to adopt such
tests: for instance, Zanin et al. (2022) have highlighted the use of a modified version of the TICS
within an epidemiological study on the effect of dietary habits on cognitive functioning in women
living in Southern Italy [Simeon et al., 2015]. Furthermore, and beyond the records retrieved and
reviewed within the context of the abovementioned work by Zanin et al. (2022), a fair number of
investigations employed the Itel-MMSE since its development in 2001 [Metitieri et al., 2001] —
e.g., in order to 1) investigate the cognitive outcome of either cerebrovascular conditions [Frisoni

et al., 2002; Rossi et al., 2006; Caratozzolo et al., 2016] or surgery to prevent them [Gremigni et

2The Italian PD-CRS [Satangelo et al., 2014; 2017] has been adapted from the original, Spanish version [Pagonabarraga et
al., 2008]; it assesses both instrumental and non-instrumental domains/functions typically affected in PD patients, ranges 0-
134 and takes ~25-30’ to be administered.

22 The HDS-IT [Montanucci et al., 2021] has been adapted from the original, English version [Power et al., 1995]; it mainly
assess non-instrumental domains/functions typically affected in patients with cognitive disorder due to HIV and ranges 0-

16.

ZRetrieved September 21, 2022 from https://tela20.wordpress.com/
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al., 2009], 2) get a measure of global cognition within large-scales studies aimed at providing
norms for neuroradiological markers [Galluzzi et al., 2009; Cavedo et al., 2012; Ramusino et al.,
2019] and, more recently, in order to 3) assess the cognitive sequelae of COVID-19-related social
restriction in neurodegenerative patients [Baschi et al., 2020] and 4) longitudinally monitor
cognition in COVID-19 patients undergone to invasive ventilation [Monti et al., 2021; Zangrillo
et al., 2021]. Moreover, in recent times, the Itel-MMSE was occasionally adopted as a cognitive
measure within clinical studies focused on the assessment of functional outcomes in a variety of

brain and non-brain disorders [Quattropani et al., 2021; Bressi et al., 2022: Vitali et al., 2022].

3.3 Recent updates on Italian cognitive screeners

In the context of a status quo such as that previously described (Sect. 3.1 & 3.2), the Present
Author, along with his extended network of colleagues, engaged in a series of studies — some of
whom started out even before the conceptualization of the above two reviews [Aiello et al.,
2022a; Zanin et al., 2022] — with the wide-ranging aims of 1) improving in-person cognitive
screening practice in Italy and 2) developing fully standardized, Italian TBCS tests. However,
before presenting such studies — which will be summarized later (Sect. 3.4 and 3.5) —, it is
appropriate to deliver an up-to-date overview of those which, since the publication of the reviews
by Aiello et al. (2022a) and Zanin et al. (2022), have been performed by other Italian researchers
on the topic of cognitive screening. In order to do so, the Present Author performed a literature
search on Scopus and PubMed databases on September 22, 2022, by limiting it to the years 2021
and 20222*. Records included after identification and screening stages® (N=9; Figure 2) are

summarized below.

%4The following string was entered: ("Italian" OR "Italy") AND ("screening" OR "screener" OR "screen") AND ("cognitive"
OR "cognition"). Fields of search were the title, abstract and keywords with regard to Scopus, whereas the title and abstract
with regard to PubMed. Records were included if 1) performed in Italy and 2) being either original standardization studies
or investigations on at least one psychometric/diagnostic property or norm derivation. Only peer-reviewed, original articles

were included; gray literature was not searched for. Articles by the Present Author and his colleagues were excluded.

2Such stages were performed by the Present Author alone via Rayyan (https://rayyan.ai/; Retrieved 23 September, 2022),
according to the flow path recommended by the 2021 revision of Preferred Reporting Items for Systematic Reviewer and

Meta-Analyses (PRISMA) guidelines [Page et al., 2021]. Three articles of interest that were already known by the Present

Author but did not yield from the database search were also included.
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Figure 2. PRISMA-inspired flow-chart of studies narratively summarized in Sect. 3.3
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= and PubMed databases: > before screening:
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N=95 - articles by the Present Author and his colleagues: N=12;
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Notes. Flow-chart adapted from: Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D, ...
& Moher, D. (2021). The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ, 372, 71.
(http://www.prisma-statement.org/; Retrieved September 23, 2022). PRISMA=Preferred Reporting Items for Systematic

Reviews and Meta-Analyses.

As to anew-developed/recently adapted tests, llardi et al. (2022a) normed and tested the
psychometrics of a shortened FAB, i.e. depleted of the Prehension behaviour item (Sect. 2.3.4.3)
— on the basis of an IRT analysis showing its near-zero variance. Such a version of the screener,
ranging 0-15 (at variance with the previous, 18-item one [lavarone et al., 2004; Appollonio et al.,
2005]), and administered to N=1,187 NIs, was underpinned by a simple, sound latent structure,
adequately converged with the MMSE, showed optimal internal, test-retest and inter-rater
reliability and its norms were derived via the ES method (Sect. 2.3.3.3).

Mondini et al. (2022) then developed and standardized a novel domain-nonspecific screener,
the Global Examination of Mental State (GEMS) — targeting orientation, language, memory,

visuo-spatial abilities and attention/EF (with its total score, compute by evenly weighting each
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item, raging 0-100). The GEMS strongly converged with both the MoCA and second-level
measures of both instrumental and non-instrumental domains/functions, also showing optimal
internal, test-retest, inter-rater and parallel-form reliability (with the alternate GEMS form
yielding no practice effect against the original one); moreover, regression-based norms were
derived from 635 NIs via Crawford & Gairthwaite’s (2006) approach, with differential normality
cut-offs having been derived by encompassing, beyond common demographics (i.e., age,
education and sex), also a measure of cognitive reserve [Mondini et al., 2022] —i.e., the Cognitive
Reserve Index Questionnaire (CRIqQ) [Nucci et al., 2012]. RCIs were also computed for the
GEMS - this being, to this day, a unique feature within the concerning Italian literature — and
case-control discrimination evidence was also delivered — as the GEMS has been shown to be
able to differentiate healthy subjects form PD patients [Mondini et al., 2022].

Moreover, Cuoco et al. (2022) developed a novel, motor-mediated executive screener for
bedside use inspired to Luria’s sequence, i.e. the Fist-Palm Test (FiPaT) — which also entails a
quantitative-qualitative scoring system based on error analysis (Sect. 2.3.4.7). As administered to
68 healthy subjects and 45 MCI patients, the FiPaT showed high acceptability, adequate internal,
test-retest and inter-rater reliability, good convergent validity with MoCA and FAB scores —
being also related to second-level measures of both instrumental domains (i.e., visuo-spatial
abilities and memory) and attention/EF —, as well as an optimal case-control discriminative
capability [Cuoco et al., 2022]. However, norms for the FiPaT have not yet been delivered, and
its outcome (i.e., the number of errors) showed a moderate floor effect [Cuoco et al., 2022].

Farina et al. (2022) also adapted to Italian the Five Word Test (FWT) by Dubois et al. (2002)
— a verbal-mediated screener for medial-temporal amnestic features (range=0-10) —,
administering it to patients with MCI (N=80) and AD (N=60) as compared to a group of 124
healthy subjects (which encompassed also 46 individuals with SCD). The FWT showed optimal
error-based diagnostics and case-control discriminative capability with regard to both MCI and
AD diagnoses, also converging with the MMSE and CDT [Farina et al., 2022]. Interestingly,

Farina et al.’s (2022) findings add up to a previous statistical study by Rozzini et al. (2017),
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which showed the diagnostic accuracy of a literally-translated FWT in identifying MCI and
dementia patients, as well as its inter-rater and test-retest reliability and convergence against a
second-level measure of long-term memory?,

Finally, two further investigations deserve a mention, although limited in scope: that by
Triunfo et al. (2022), who delivered, in HIV patients, an in-depth assessment of error-,
information- and association-based diagnostics of the Mini-Addenbrooke’s Cognitive
Examination (M-ACE) [Hsieh et al., 2015] —a shortened version of the Addenbrooke’s Cognitive
Examination-I1I (i.e., a revised ACE-R) [Hsieh et al., 2013], as well as that by Greco et al. (2022),
who tested the inter-rater reliability between the cognitive sections of the ECAS and the ALS-
CBS as to their capability in detecting cognitive impairment within an ALS cohort.

Moving on to screeners that had been addressed within Aiello et al.’s (2022) review (Sect.
3.2), two recent works focused on the MoCA: the first, by Montemurro et al. (2022), provided
norms (derived form 440 NIs) that adjusted for both common demographics and the CRIq [Nucci
et al., 2012], by also showing a superiority of such a predictor when compared to the most
common proxy of cognitive reserve — i.e., education; the second, by Pirani et al. (2022),
confirmed the soundness of its error-based diagnostics in MCI (N=214) and dementia patients
(N=255) as compared to healthy elderlies (N=123), also proving that the MoCA outperforms the
MMSE as to the detection of both conditions. Additionally, Pirani et al. (2022) provided further
evidence on the inter-rater and test-retest reliability of the MoCA, and identified a number its
items that were selectively predictive of an MCI diagnosis — i.e., those targeting
attentive/executive processes and long-term memory.

Speaking of domain-nonspecific screeners, Foderaro et al. (2022) also recently derived
region-specific (i.e., Northern Italy) norms for a slightly revised version of the MMSE - thus
complementing the efforts by Carpinelli-Mazzi et al. (2020) in updating MMSE norms for the

Southern Italian population.

ZUnfortunately, the Present Author and his colleagues failed to include the study by Rozzini et al. (2017) within their 2022
review [Aiello et al., 2022a], as not having been retrieved within their searches.
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Finally, a further study by D’lorio et al. (2022) aimed at developing an alternate form of the
PD-CRS; norms via the ES method were derived, as well as convergent validity evidence against
the MoCA. However, unfortunately, parallel-form reliability against the original PD-CRS was
not tested by D’Iorio et al. (2022).

For the sake of completeness, it behoves the Present Author to mention a further cognitive
screener that only recently came to his knowledge, and which was unfortunately not included
within Aiello et al.’s (2022a) review — as not having been retrieved within the relative record
search: the Three-Object-Three-Places (303P) Test by Prestia et al. (2006). The 303PT — an
ecological screener for memory deficits, designed to target medial-temporal amnestic features
typical of the AD spectrum — showed, as administered to healthy subjects (N=65), MCI patients
(N=114) and individuals with both AD (N=44) and non-AD dementias (N=39), sound error- and
information-based diagnostics in identifying AD patients, optimal internal and test-retest
reliability, as well as convergent/divergent validity (also grouping, within a dimensionality-
reduction analysis, with independent, second-level measures of memory, whilst not with extra-

mnestic ones) [Prestia et al., 2006].

3.4 Published studies by the Present Author and his colleagues

3.4.1 In-person cognitive screeners

A series of currently published studies conducted by the Present Author and his extended
research network [Aiello et al., 2022c; 2022d; 2022¢; 2022h; 2022i; 2022p] between 2021 and
2022 focused on 1) updating norms and/or 2) providing lacking clinimetric/feasibility evidence
for a number of in-person cognitive screeners of widespread adoption in Italy and featured, based
on the concerning Italian literature available at the time, by an optimal level of recommendation
(Sect. 3.2) for clinical and research use [Aiello et al., 2022a; Zanin et al., 2022]. Indeed, in a “less
is more” fashion, it appeared reasonable to direct efforts towards a further improvement in the
quality of selected, statistically sound tests that were already at the disposal of Italian practitioners

and clinical researchers — instead of focusing on screeners that came with poor/suboptimal levels
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of recommendation or whose application was limited to specific settings [Di Pucchio et al., 2018;
Limongi et al., 2019; Riello et al., 2021; Aiello et al., 2022]. Furthermore, among high-quality
and widespread screeners, the Present Author and his colleagues further focused on those taking
<20’ to be administered — in partial accordance with Larner’s (2017a) recommendations, and thus
by keeping in mind the key role of an optimal balance between time and quality within the dense

work schedules featuring both clinical practice and research [Riello et al., 2021].

3.4.1.1 The Frontal Assessment Battery (FAB)

The FAB [Dubois et al., 2000] is worldwide acknowledged as one of the most clinimetrically
sound and feasible screener for executive deficits [Hurtado-Pomares et al., 2018]. Despite having
been originally developed for bedside use [Dubois et al., 2000], the FAB in fact proved to be
clinically useful in a variety of etiologically-various brain disorders that affect frontal circuitries
[Hurtado-Pomares et al., 2018].

Consistently, as previously mentioned (Sect. 3.2), the FAB has received substantial
statistical and feasibility support in Italy too — with evidence having been delivered on its 1)
convergent, divergent and factorial validity, as well as 2) internal, test-retest and inter-rater
reliability and 3) norms having been derived for it via the ES method [lavarone et al., 2004;
Appollonio et al., 2005; Aiello et al., 2022a].

By taking no more than 5-10’ to be administered, the FAB allows for an overall assessment
of pivotal facets of executive processes: it in fact encompasses 6 items (range=0-18) tapping on
inhibitory control, programming and environmental dependency [Dubois et al., 2000; Appollonio
etal., 2022a; Aiello et al., 2022h]. Hence, in accordance with the motivating principles previously
outlined (Sect. 3.4.1), two studies were carried out that focused on the Italian FAB — the first
aimed at updating its norms and providing construct validity evidence for it against the MoCA
[Aiello et al., 2022h], the second at examining its error- and information-based diagnostics in
detecting dysexecutive-based cognitive inefficiency across the healthy adult lifespan [Aiello et

al., 2022d].
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Within both studies [Aiello et al., 2022d; 2022h], a variation to the original scoring
procedure [Dubois et al., 2000; Appollonio et al., 2005] was applied to items 4 and 5 (i.e.,
Conflicting instructions and Go-No Go) — namely, 1 was assigned with 3 errors occurring,
whereas 0 in the presence of more than 3 errors, according to Barletta-Ghidolfi et al. (2011).

The rationale behind delivering up-to-date norms for the Italian FAB [Aiello et al., 2022h]
lied in the fact that previous ones dated back to 2004 [lavarone et al., 2004] and 2005 [Appollonio
et al., 2005], this likely undermining their representativeness in the light of the socio-
demographic changes that the Italian population underwent to in the meanwhile [Mondini et al.,
2016; Siciliano et al., 2019b]. Accordingly, norms were derived via the ES method?’ [Capitani &
Laiacona, 2017; Aiello & Depaoli, 2022] from 475 NIs from Northern Italy?® — 306 females, 169
males; age: 61.1+£15.1 years (range=21-96); education: 11.7£4.6 years (range=1-25) — for both
the test as a whole and its subtests, the latter grouped as follows: 1) Laguage-mediated executive
functioning (FAB-1; range=0-6), comprising Similarities and Lexical fluency items; 2) Planning
(FAB-2; range=0-6), comprising Motor series and Conflicting instructions items; 3) Inhibition
(FAB-3; range=0-6), comprising Go-No Go and Prehension behavior items [Dubois et al., 2000;
Aielloetal., 2022h]. Relatedly, it is worth noting that the subsequent work by Ilardi et al. (2022a),

270On the occasion of such a normative study [Aiello et al., 2022h], the Present Author and his colleague [Aiello & Depaoli,
2022] developed an automated, R-based software solution [R Core Team, 2019; RStudio Team, 2020] for performing both
the regression-based step of the ES method and the derivation of TLs and intermediate ES thresholds — in the view of
making such computations — which up to that time were performed via time-consuming procedures — faster and less
subjected to human errors. Such an R script computationally adheres to Capitani & Laiacona’s (2017) procedures, by also
offering an empirical solution to the issues, kindly suggested by Prof. Erminio Capitani himself to the Present Author, of
“[...] attributing the number of observations within each ES in uncertainty scenarios (i.e., when a non-integer, close-to-
rounding-threshold number is yielded) [...] [and] defining TLs and ES threshold in the presence of tied ranks [...]” [Aiello
& Depaoli, 2022; p. 965]. Accordingly, “if the oTL [fell] within a run of equal adjusted scores — i.e., adjusted scores
belonging to the same rank (tied ranks) —, the highest observation below the “formal” oTL [was] regarded as the “actual”
oTL in order to keep the error risk 5%<. Similarly, if the iTL [fell] within a run of tied-ranked adjusted scores, the lowest
observation above the “formal” oTL [was] regarded as the “actual” oTL” [Aiello & Depaoli, 2022; p. 964], and, similarly,
“if ES thresholds happened to fall within a run of equal adjusted scores, the same rule adopted with respect to the iTL [was]
applied (regarding the lowest observation above the “formal” ES threshold as the “actual” threshold) [...]” [Aiello &
Depaoli, 2022; p. 964], in order to “[...] make the considered ES area wider and thus [...] being as conservative as possible
when passing from one ES to the next (i.e., to assign a higher level of ability to an adjusted score)” [Aiello & Depaoli, 2022;
p. 964].
2NIs were recruited against the following set of exclusion criteria, which applied, possibly with slight variations, to all of
the studies by the Present Author and his colleagues that will be summarized, within Section 3, from now on: 1) previous
neurological/psychiatric diagnoses; 2) active psychotropic medications; 3) severe and/or uncompensated general-medical
conditions; 4) uncompensated hearing/vision deficits [Aiello et al., 2022c; 2022d; 2022f; 2022h; 2022i; 20221; 2022m;
2022n; 2022p]. Further exclusion criteria, if applicable, will be specified where necessary.
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which comprise an analysis of the factorial structure of the 18-item FAB, partially substantiated,
at a statistical level, Aiello et al.’s (2022h) item grouping — which, by contrast, was opted for on
a merely intuitive basis. Indeed llardi et al. (2022a) found that Go-No Go and Prehension
behavior items loaded on one latent variable, while Motor series and Conflicting instructions
ones on another — which, however, also included the Lexical fluency item; however,
unfortunately, these Authors identified the Similarities item as interstitial [llardi et al., 2022a].

Such a choice of delivering norms at the subtest-level, which represents a novelty when
compared to previous Italian normative studies [lavarone et al, 2004; Appollonio et al., 2005],
was aimed at allowing for 1) a greater flexibility in using the FAB when only some of its items
can be administered (e.g., due to setting-related or time restrictions) and 2) a higher degree of
insight, and thus informativity, into intra-individual performances on the test as a whole [Aiello
et al., 2022h]. Interestingly, although age and education, in accordance with lavarone et al.’s
(2004) and Appollonio et al.’s (2005) findings, were the sole predictors of FAB scores, a different
oTL was derived within the updated normative study by the Present Author and his colleagues
[Aiello et al., 2022h], i.e. 12.02 — which is less conservative than that by lavarone et al. (2004) —
i.e., 11.53 — while more conservative than that by Appollonio et al. (2005) — i.e., 13.4. Despite
such discrepancies might had been due to the slight variations of the scoring procedures outlined
above, it is likewise reasonable to assume that they reflected recent changes in the socio-
demographic composition of the Italian population [Aiello et al., 2022h] — this actually availing
the rationale behind updating FAB norms.

Within this study, the Present Author and his colleagues [Aiello et al., 2022h] also managed
to demonstrate the convergent validity of the FAB against the MoCA (rs=.49), with the strongest
association having been detected with the Executive functioning subtest of the latter (rs=.46) — at
variance with more modest, albeit significant, correlations between the FAB and remaining
MoCA subtests (.19<rs<.35) [Conti et al., 2016; Santangelo et al., 2016]. Such findings are of
great relevance, as having been “[...] the first showing convergent validity between the FAB [...]

and an “EF-loaded” cognitive screener [...]” [Aiello et al., 2022h; p. 983] and, at the same time,
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supporting the intuitive, empirical “[...] notion of the MoCA being a screening instrument
sensitive to EF deficits [...]” [Aiello et al., 2022h; p. 983]. Indeed, previous studies had shown
the convergent validity of the FAB through either its association with the MMSE [Appollonio et
al., 2005] - the latter arguably being an improper convergent measure (Sect. 2.3.1.1) — or with
second-level tests of attention [lavarone et al., 2004].

In a subsequent set of ROC analyses on the same sample, the Present Author and his
colleagues [Aiello et al., 2022d] showed that, in Nls, Aiello et al.’s (2022h) FAB was able to
detect dysexecutive-based cognitive inefficiency — which was operationalized, based on their own
previous findings [Aiello et al., 2022h], by a below-cut-off adjusted score on the MoCA [Aiello
et al., 2022i]%® — (AUC=.76, J=.41), by nevertheless being more effective in doing so when
addressed to older adults (i.e., >75 years; AUC=.78, J=.58 ) if compared to those aged <75 years
(AUC=.71, J=.42). Consistently, as to error- and information-based diagnostics, the Present
Author and his colleagues [Aiello et al., 2022d] found higher-quality values, which were also
more balanced as to the comparisons between Se and Sp, PPV and NPV and LR+ and LR-, in
individuals aged >75 than in those aged <75 years. Hence, even in the light of a theoretically
questionable, albeit empirically supported, use of the MoCA as a reference standard for the above
aim, such a work by Aiello et al. (2022d) supported the notion of the FAB being an adequate
screener for executive-based cognitive decline in older adults — both within population-screening
and case-finding scenarios [lavarone et al., 2011; Coen et al., 2016]. After all, these stances
appear to be availed by the mere reasons underlying the study itself [Aiello et al., 2022d], i.e. by
the fact that, in the elderly population, sub-clinical or mild, albeit functionally detrimental [Libon

et al., 1994; Royall et al., 2000; Thronton et al., 2007; McAlister et al., 2016;], dysexecutive

2Strengthened by their previous findings on the convergence between FAB and MoCA scores [Aiello et al., 2022i], Aiello
et al. (2022i) first ensured, on a subsample that also underwent the MMSE (N=322), that the MoCA could be considered as
a more adequate reference standard than the MMSE itself for the scope of testing FAB diagnostics [Aiello et al., 2022].
Given that, within a multiple Negative Binomial regression (Sect. 2.3.3.2), the MoCA proved to be 1) a better predictor of
FAB errors than the MMSE (MoCA: p<.001 vs. MMSE: p=.017) and, within ROC analyses, 2) more accurate than the
MMSE in detecting an ES=0 on the FAB [Aiello et al., 2022i] (MoCA: AUC=.76 vs. MMSE: AUC=.66), the Present
Author and his colleagues proceeded and addressed a below-cut-off MoCA performance [Aiello et al., 2022h] as the
positive state.
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features, are moderately prevalent/incident [Yuan & Raz, 2014] — and thus need to be screened
for [Aiello et al., 2022d].

Of note, to this day, Aiello et al.’s (2022h) version of the FAB has been recently employed
by three clinical studies: the first, by Lencioni et al. (2022), detected an association between
measures of gait dysfunction and FAB-2 scores in PD patients; the second, by Aiello et al.
(2022q), showing the clinical usefulness of the FAB and its subtests for detecting cognitive
dysfunctions in post-COVID-19 patients — especially in those with previous risk factors for
cognitive decline; the third, by Bardesono et al. (2022), proving the predictive validity of the

FAB towards functional outcomes in a cohort of inpatients with hip fracture.

3.4.1.2 The Montreal Cognitive Assessment (MoCA)

The MoCA [Nasreddine et al., 2005] arguably represents the current gold-standard screener
for the global evaluation of cognition, with its clinimetric soundness and feasibility having been
thoroughly ascertained worldwide [Julayanont & Nasreddine, 2017; Larner, 2020e; Cova et al.,
2022]. Indeed, at variance with its “older competitor”, i.e., the MMSE [Folstein et al., 1975], the
MoCA is by far less subjected to ceiling effects [Franco-Marina et al., 2010], being thus more
suitable for early detecting cognitive disorders [Larner, 2012; Siqueira et al., 2019] — in line with
the fact that it has been originally intended for identifying MCI, rather than dementing, states
[Nasreddine et al., 2005]. Its clinical usefulness has been in fact demonstrated for several,
etiologically-various, both primary and secondary, brain conditions [Julayanont & Nasreddine,
2017] — also as covering the main instrumental domains (i.e., language, memory and visuo-
spatial/praxic abilities) and non-instrumental functions (i.e., attention and EF) [Nasreddine et al.,
2005].

It thus comes as no surprise that the MoCA has likewise received strong statistical/feasibility
support within the Italian scenario [Aiello et al., 2022a] — with 4 contributions on it having been
delivered between 2015 and 2017, providing ES-based norms as well as evidence on its

convergence against the MMSE, test-retest and inter-rater reliability and, within MCI and
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dementia patients, error- and information-based diagnostics [Conti et al., 2015; Pirrotta et al.,
2015; Santangelo et al., 2016; Bosco et al., 2017]. Subsequently, two ES-normed alternative
forms have been also provided for the Italian MoCA [Siciliano et al., 2019a], and evidence on its
divergent validity could be traced within the standardization study of, and thus against, a self-
report questionnaire for cognitive failures experienced by patients with migraine [Russo et al.,
2020].

Given the above premises, which, along with its brief administration time (=5-10’), satisfied
the aforementioned motivating principles (Sect. 3.4.1), the Present Author and his colleagues first
derived up-to-date, region-specific, subtest-level, ES-based norms for the MoCA [Aiello et al.,
2022i] on 579 Italian NIs from Northern Italy — 208 males, 371 females; age: 63.4+15 years
(range=21-96); education: 11.3+4.6 years, (range=1-25). Bearing in mind the relevance of the
availability of updated normative data [Mondini et al., 2016; Siciliano et al., 2019b], as well as
the confounding effect that inter-regional differences in population demographics might exert on
test norms [Manly, 2008; Pedraza & Mungas, 2008], the Present Author and his colleagues
[Aiello et al., 2022i] motivated such an investigation based on the facts that 1) Northern Italian
MoCA norms dated back to 2015 [Conti et al., 2015] and 2) subtest-level normative data had
been previously derived from a predominantly-Southern Italian sample [Santangelo et al., 2015].
However, as to subtest composition, Aiello et al.’s (2022i) item grouping differed from that of
Santangelo et al. (2017) as dropping the Fluency item from the Language subtest (which thus
ranged 0-5) in order to overcome redundancies — since it is already included within the Executive
Functioning subtest.

Interestingly, and consistently with the aforementioned relevance of deriving up-to-date,
region-specific norms, the oTL derived by the Present Author and his colleagues [Aiello et al.,
2022i] for the whole scale (range=0-30), i.e. 18.58, happened to be stricter than previous, ES-
based ones by Conti et al. (2015), i.e. 17.362, and Santangelo et al. (2015), i.e. 15.5 — and, in

spite of age and education being significant predictors of MoCA scores within all the above
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dataset [Conti et al., 2015; Santangelo et al., 2015; Aiello et al., 2022i], weak levels of agreement
among their ES classifications were detected.

An additional, practically relevant novelty is worth mentioning in respect to the normative
study by Aiello et al. (2022i), namely that, at variance with Santangelo et al. (2017), an empirical
normality cut-off has been identified for the Memory subtest — i.e., the iTL. Indeed, while the
OTL for such a subtest, in line Santangelo et al.’s (2017) was found to correspond to a negative
adjusted score, the iTL did correspond to a positive one — this leading the Present Author and his
colleagues [Aiello et al., 2022i], on the basis of the statistical meaning of the iTL (Sect. 2.3.3), to
propose it as a usable cut-off. After all, such a choice is not unprecedented within the Italian
literature — as, for instance, lavarone et al. (2004) proposed the iTL as the cut-off within their
standardization of the FAB.

A further set of mentions have to be done with regard to the psychometric analyses carried

out within the abovementioned study by the Present Author and his colleagues [Aiello et al.,
2022i]. Indeed, Aiello et al. (2022i) also provided, for the first time in Italy, evidence on the
MoCA 1) being underpinned by a relatively adequate® mono-factorial structure, 2) being
internally reliable (Cronbach’s a=.81).
Relatedly, the Present Author and his colleagues [Aiello et al., 2022i] performed an IRT analysis,
by means of a two-parameter logistic model (2-PL) — i.e. by addressing both item discrimination
and difficulty —, whose highlights could be summed up as follows: 1) Delayed recall items are
both moderately difficult and highly discriminative; 2) Lion-naming, Letter detection, and Place
items are extremely easy to accomplish; 3) failing the City item might be an extremely useful
marker of discrimination.

Two further studies, aimed at improving the feasibility of the MoCA for population-screening
scopes within clinical/research settings (Sect. 1), then followed the initial one described above

[Aiello et al., 2022i] — namely, one focusing on the derivation of equating norms (Sect. 2.4.4)

30 In fact, by decomposing the MoCA at the single-item level, the Contour item from the CDT, two Naming items, the Digit
span backward, and all the Orientation items except for Year yielded a loading <.3 within a Principal Component Analysis
[Aiello et al., 2022i].
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between the raw scores on the MoCA and MMSE [Aiello et al., 2022p] and another exploring
the trajectories of scores from both tests across the adult lifespan [Aiello et al., 2022c]. Both
studies addressed a sample of NlIs having been tested with both the MoCA and the MMSE — 165
males, 242 females; age: 60.6+13.7 years (range=20-93); education: 12.2+4.4 years, (range=4-
25) [Aiello et al., 2022c; 2022p]. Within the first of these two studies, Aiello et al. (2022p)
adopted the log-linear smoothing equi-percentile equating (LSEE) approach [Kolen & Brennan,
2013], which currently represents a gold-standard option for the derivation of cross-walks
between different cognitive screeners [Roalf et al., 2013; Falkowski et al., 2015; Hlavka et al.,
2021; Kang & Park, 2021]. Briefly, the LSEE “[...] allows comparing raw scores from two
different tests based on the correspondence among their percentile ranks, by also applying log-
linear transforms to score distributions in order to smooth their irregularities [...]” [Aiello et al.,
2022p; p. 1722]. Although, due to ceiling effects, the LSEE did not allow to estimate conversions
for lowermost scores on both tests®?, its outputs proved to be intuitively consistent with a number
of Italian normative studies on both the MMSE and the MoCA: for instance, MMSE scores of
23/24 - which are similar to the cut-offs derived by Measso et al. (1993), i.e. 23.8 and by Magni
et al. (1996), i.e. 22, as well as to the oTL identified by Carpinelli-Mazzi et al. (2020), i.e. 24.9 —
had been found to correspond to MoCA scores of 17/18 —which are similar to the oTLs identified
by Conti et al. (2015), i.e. 17.362, and Aiello et al. (2022i), i.e. 18.58 [Aiello et al., 2022p]*2.
This, along with the fact that a TOST procedure (Sect. 2.4.4) confirmed the equivalence between
empirical and derived MMSE/MoCA scores, led the Present Author and his colleagues to
conclude on the utility of such straightforward conversion tables for a number of previously
outlined (Sect. 2.4.4) clinical/research applications within population-screening frameworks

[Aiello et al., 2022p].

31With this regard, it has to be noted that ceiling effects were by far more marked for the MMSE (=60% of subjects scoring

>29) than for the MoCA (*30% of subjects scoring >29), this resulting in the fact that the threshold for non-estimable

conversions was higher for the MMSE than for the MoCA [Aiello et al., 2022p].
320f course, the comparison between the conversion norms derived by Aiello et al. (2022p) and the cited normality

thresholds [Measso et al., 1993; Magni et al., 1996; Conti et al., 2015; Carpinelli-Mazzi et al., 2020; Aiello et al., 2022i] are

to be intended as intuitive and approximate, since the former refers to raw while latter refer to adjusted scores.
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The usefulness of the MoCA for population-screening aims was then further availed by the
latest work by the Present Author and his colleagues [Aiello et al., 2022c] — inspired by a similar
one performed by Gluhm et al. (2013) — showing that, when profiling MMSE and MoCA
performances of the above sample [Aiello et al., 2022p] “[...] across 8 different age classes (<30;
31-40; 41-50; 51-60; 61-70; 71-80; 81-85; >86) net of education and sex” [Aiello et al., 2022c;
p. 11, “[...] the MoCA proved 1) to profile a sufficiently linear [involutionary] trend in cognition
with increasing age and [2)] to be able to detect poorer cognitive performances in critical age
classes, namely in individuals aged >71 years [...]” [Aiello et al., 2022c; p. 3], while, at variance,
“[...] MMSE scores failed in capturing the expected age-related trajectory, reaching a plateau in
the aforementioned age classes” [Aiello et al., 2022c; p. 1]. Consistently, the Present Author and
his colleagues concluded that “[...] the MoCA is more sensitive than the MMSE in detecting age-
related, physiological decline of cognitive functioning across the healthy adult lifespan in the
Italian population [...] [,] supporting the use of the MoCA, instead of the MMSE, as a test for
general population-screening aims [...]” [Aiello et al., 2022c; p. 4].

It finally behoves the Present Author to make a number of considerations on the feedback
that the normative study by Aiello et al. (2022i) has recently received from subsequent, Italian
clinical studies. First, Salvadori et al. (2022) showed that, by adjusting MoCA scores of acute
stroke patients via Aiello et al.’s (2022i) normative dataset, a ROC-derived cut-off of 22.82
yielded optimal accuracy in predicting a diagnosis of post-stroke cognitive impairment at a 6-to-
9-month interval. Similarly, Ilardi et al. (2022b) identified, via ROC analyses, an optimal cut-off
of 22.29 — as applied to MoCA scores adjusted based on Aiello et al.’s (2022i) equation — for
discriminating between NIs and cerebrospinal fluid-defined patients with AD- or non-AD-
spectrum disorders. Interestingly enough, within a subsequent work by the Present Author and
his colleagues [Aiello et al., 2022r], ROC analyses allowed to identify, on Aiello et al.’s (20221)
adjusted MoCA scores, a cut-off of 22.381 for detecting cognitive impairment in non-demented
ALS patients. Of note, both Salvadori et al.’s (2022) and Ilardi et al.’s (2022b) studies found that

the oTL by Aiello et al. (2022i) was featured by high Sp but low Se. Hence, taken together, such
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findings [Aiello et al., 2022r; llardi et al., 2022b; Salvadori et al., 2022] suggest that, given a
same normative dataset for demographic adjustment, cut-off values that differ from the
population-based normality threshold might be more effective when the MoCA is applied for
specific clinical aims.*

Two further clinical studies that employed Aiello et al.’s (2022i) MoCA norms are worth a
mention: the first, by Aiello et al. (2022s), which showed that the MoCA, as compared to the
MMSE, is more effective in screening for cognitive sequelae of SARS-CoV-2 infection; the
second, by Lazzeri et al. (2022), having shown that, in patients with multiple system atrophy, the
MoCA is insufficient to detect the range of mild cognitive dysfunctions potentially featuring such
a neurodegenerative condition.

As a conclusive remark, it is worth noting that the recent derivation of Northern Italian norms
for the MMSE by Foderaro et al. (2022), somehow paralleling the previous, up-to-date study
performed by Carpinelli-Mazzi et al. (2020) in Southern Italy on the same topic, seemingly
suggests that Italian clinical researchers are progressively paying more attention to potential inter-
regional discrepancies in test norms — in line with the aims that motivated the region-specific
normative study by Aiello et al. (2022i), which to an extent matches the predominantly-Southern

Italian one by Santangelo et al.’s (2015).

3.4.1.3 The Edinburgh Cognitive and Behavioral ALS Screen (ECAS)

A further study performed by the Present Author and his colleagues [Aiello et al., 2022¢]
then focused on the ECAS [Abrahams et al., 2014] — an ALS-specific tool which, based on Aiello
et al.’s (2020a) review, likewise received an optimal level of recommendation in Italy (Sect. 3.2).

Within the last three decades, a light has been indeed shed on the extra-motor,
cognitive/behavioural manifestation in ALS [Zago et al., 2022] — with a pathophysiological and
genetic link having been ascertained between such a syndrome and frontotemporal degenerations

(FTDs) [Burrell et al., 2016]. In fact, it is nowadays common knowledge that ~50% of ALS

3Such an argument will be recalled and expanded later in Section 5.3.4.
86



patients show FTD-mimicking cognitive/behavioural deficits of diverse severity — i.e.,
dysexecutive features and language impairment [Strong et al., 2017]. Given the thoroughly
demonstrated, detrimental impact of such dysfunctions on patients’ prognosis [Huynh et al.,
2020], neuropsychological screening has entered clinical practice and research as addressed to
ALS patients, with an ad hoc nosographic system for ALS-FTD-spectrum disorders [Strong et
al., 2009; 2017] and several disease-specific instruments having been developed [Simon &
Goldstein, 2019; Gosselt et al., 2020].

Relatedly, the ALS-CBS [Woolley et al., 2010] and ECAS [Abrahams et al., 2014] represent
the two gold-standard, ALS-specific neuropsychological screeners, both encompassing a
performance-based, cognitive section which 1) targets those domains/functions that are typical
involved in this population and 2) entails tasks that accommodate for motor disabilities (i.e.,
dysarthric features and upper-limb impairment). While the ALS-CBS only takes =5-10" to be
administered, it predominantly targets attention and EF (range=0-20) [Woolley et al., 2010]; at
variance, the ECAS, despite being more time consuming (administration time: ~15-20’; range=0-
136), allows for a more comprehensive evaluation of ALS-specific (i.e., Language, Executive
functioning and Fluency; range=0-100) and ALS-nonspecific domains/functions (i.e., Memory
and Visuo-spatial abilities; range 0-36) [Abrahams et al., 2014]%.

Although the Italian ECAS has proved to be featured by optimal inter-rater and internal
reliability, as well as by convergent validity against the MoCA and FAB [Poletti et al., 2016;
Siciliano et al., 2017], having been also normed both via a demographically-stratified, z-score-
based approach [Poletti et al., 2016] and the ES method [Siciliano et al., 2017], no evidence on
its diagnostics had been delivered up to the time of Aiello et al.’s (2022a) synoptic work.
However, as in fact outlined by the Present Author and his colleagues [Aiello et al., 2022a], to

assess the diagnostics of a test that is intended to be disease-specific is unavoidable — as being

%From now on, if not otherwise specified, the present Dissertation will focus on the cognitive, performance-based sections
of the ALS-CBS/ECAS [Woolley et al., 2010; Abrahams et al., 2014].
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intrinsic to the notion of “disease-specificity” that, albeit with the due reservations®?, the target
condition —i.e., in this case, the set of cognitive deficits which commonly feature ALS patients’
extra-motor phenotype — should be identifiable (Sect. 2.3.2.1).

Given the above premises, the Present Author and his colleagues [Aiello et al., 2022¢]
focused on providing its subtest-level diagnostics. Within such a study by Aiello et al. (2022¢),
the gold-standard was represented by a diagnosis pursuant to Strong et al.’s (2017) revised
consensus criteria for ALS-FTD-spectrum disorders®: 89 ALS patients were classified, based on
a second-level battery covering both  cognitive, instrumental/non-instrumental
domains/functions, as well as behavior, as cognitively/behaviourally spared (67.4%), ALSci
(19.1%), ALSbi (6.7%), ALSchi (4.5%) and ALS-FTD (bvFTD; 2.2%). When aimed at
discriminating, via ROC analyses, patients with (i.e., ALSci/cbi/-FTD) from those without
cognitive impairment (i.e., cognitively/behaviourally spared and ALSbi), Total (AUC=.87) and
ALS-specific (AUC=.86) measures proved to be highly accurate— with a slightly lower AUC
values being found for the ALS-nonspecific one (AUC=.76) [Aiello et al., 2022¢]. Notably, the
Executive functioning subscale was the one vyielding the highest accuracy (AUC=.84) as
compared to remaining ones (AUC=.70-.79) [Aiello et al., 2022¢]. Consistently, when referring
to error-/association-based diagnostics — which were instead derived from a 2*2 contingency
table which crossed the aforementioned gold-standard with a below- vs. above-cut-off score on
the ECAS (as defined via Poletti et al.’s (2016) z-score-based, age- and education-stratified
normality thresholds) —, the best metrics were detected with respect to Total, ALS-specific and

Executive functioning measures, with overall low Se values (in the face of high Sp ones) and

BTypically, disease-specific screeners are designed so that they rely more heavily on items that target those
domains/functions that are known, based on cognitive semiology, to predominantly/primarily characterize a given brain
disorder — e.g., a putative AD-specific cognitive screener is expected to include a number of items that sample from long-
term memory functions [Aiello et al., 2022a; 2022b]. Nevertheless, given that disease-specific screeners likewise aim, to an
extent, at sampling several domains/functions, their “off-label” use as applied to different clinical populations should not be
excluded — provided that adequate clinimetrics and feasibility evidence are delivered for such applications [Aiello et al.,
2022a; 2022b]. Such an instance will be recalled and expanded in Section 5.3.5.
%Briefly, Strong et al.’s (2017) nosographic systems identifies 5 main classifications: 1) ALS without cognitive/behavioural
impairment; 2) ALS with FTD-like, psychometrically-defined evidence of cognitive (ALSci), 3) behavioural (ALSbi) or 4)
both cognitive and behavioural (ALSchi) impairment not meeting either Rascosvky et al.’s (2011) criteria for behavioural
variant-FTD (bvFTD) or Gorno-Tempini et al.’s (2011) criteria for PPA; 5) ALS with bvFTD [Rascovsky et al., 2011] or
PPA [Gorno-Tempini et al., 2011] (ALS-FTD).
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acceptable/optimal association-based diagnostics (PPV, NPV, LR+ and LR-) for remaining ones
[Aiello et al., 2022¢]. Overall, such a work has confirmed the diagnostic soundness of both the

ECAS as a whole and of its subtests targeting EF [Aiello et al., 2022¢].

3.4.1.4 Ad interim conclusions: in-person cognitive screeners

The FAB. The two studies performed by the Present Author and his colleagues on the Italian
FAB [Aiello et al., 2022d; Aiello et al., 2022h] have provided 1) updated norms and 2) further
construct validity evidence for it, also 3) endorsing its use for population-screening aims — thus
complementing previous statistical studies on such a test [lavarone et al., 2004; Appollonio et al.,
2005]. Moreover, albeit Aiello et al.’s (2022d) and Aiello et al.’s (2022h) studies did not focus
on the clinical populations, they likewise provide statistical support to previous Italian works
which have shown the clinical feasibility of the FAB as an executive screener in a variety of
primary/secondary brain disorders — e.g., AD [Castiglioni et al., 2006; D’Onofrio et al., 2018],
vascular dementia (VaD) [D’Onofrio et al., 2018], PD and atypical parkinsonisms [Marconi et
al., 2012; Federico et al., 2017], bvFTD [Castiglioni et al., 2006], ALS [Floris et al. ,2012; Barulli
et al., 2015], post-stroke with cardiovascular morbidity [Cappellari et al., 2021], HIV [Triunfo et
al., 2018] and post-COVID-19 [Aiello et al., 2022q; Lauria et al., 2022]. It should be nevertheless
noted that there are still a number of outstanding issues pertaining the clinical feasibility of the
FAB, within both the cross-sectional and longitudinal dimensions: indeed, to the best of the
Present Author’s knowledge, extensive, non-incidental, large-scale evidence on its diagnostic
accuracy and longitudinal usability in selected, etiologically various, clinical populations (i.e.,
featured by prominent dysexecutive features) are still lacking within the Italian scenario — except
for the studies by Barulli et al. (2015) and Aiello et al. (2022t), addressing ALS patients, as well
as for that of Triunfo et al. (2018), addressing HIV ones, who delivered, within the cross-sectional
dimension, a diagnostic accuracy study on the FAB.

The MoCA. At variance with the conclusive remarks of the previous section on the FAB,

the clinical feasibility of the Italian MoCA has been extensively investigated, albeit mostly within
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the cross-sectional dimension, as addressed to some of the most prevalent/incident brain
conditions — namely, MCI and dementia due to probable AD [Bosco et al., 2017; Pirani et al.,
2022; llardi et al., 2022b], cognitive impairment due to cerebrovascular etiologies (stroke or small
vessel disease) [Pasi et al., 2013; 2015; Brambilla et al., 2021; Cappellari et al., 2021; Salvadori
etal., 2021; 2022] and MCI due to PD [Federico et al., 2015] — as well as in further, less prevalent
disorders — i.e., HIV [Milanini et al., 2016] and ALS [Aiello et al., 2022r]. Additionally, less
structured, albeit promising, evidence of clinical usability have been provided in atypical
parkinsonisms [Fiorenzato et al., 2019], chronic obstructive pulmonary disease [Pierobon et al.,
2018] and post-COVID-19 [Aiello et al., 2022s]. Hence, the recent study by Aiello et al. (2022i),
as providing additional psychometric information and updated norms for the MoCA, happens to
be framed within a vast literature supportive of the feasibility of such a test — as also outlined, for
instance, within recent Italian guidelines on the diagnostic process for biomarker-defined
cognitive disorders, which recommend the MoCA as a first-level assessment instrument
[Boccardi et al., 2020]. The above being said, a number of investigations would still be advisable,
especially within the longitudinal dimension. First, no RCIs for the MoCA have been delivered
yet — with such a feasibility feature being needed, since the two, currently available alternative
forms, albeit undoubtedly useful, have shown not to be fully comparable to its original version
[Siciliano et al.,2019b]. Second, as being a domain-nonspecific screener, and thus virtually
suitable for all clinical populations, its clinical feasibility should be tested in a number of brain
disorders with relatively high prevalence/incidence — e.g., TBI and MS.

In addition, both the above investigations aimed at improving the feasibility of the MoCA
for population-screening aims [Aiello et al., 2022c; 2022p] add up to and find support in Pirrotta
etal.’s (2015) and Bosco et al.’s (2017) works — both having shown the capability of the MoCA
to accurately identify, within a supposedly normotypical population sample, individuals that,
based on MMSE scores, were assumed to present with probable MCI. Hopefully, such studies by
the Present Author and his colleagues [Aiello et al., 2022c; 2022p] will also represent a starting

point for the identification of an adequate cognitive screener for population-screening aims —
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which, although timidly advocated by the Italian scientific and clinical community (Sect. 3.1), is
still far from being structurally implemented [Bianchetti et al., 2019; Ricci, 2019].

The ECAS. The study performed by the Present Author and his colleagues on the cognitive
section of the ECAS [Aiello et al., 2022¢] delivered fundamental information that, adding up to
previous one, currently allows to extensively exploit its potential within both clinical practice and
research as addressed to ALS. However, to the best of the Present Author’s knowledge, no
evidence on its sensitivity to severity has been to this day delivered in Italy — with such a
feasibility feature being of high relevance, as its provision would allow to confirm that the ECAS
is able to discriminate cognitively unimpaired ALS patients from ALSci, ALScbi and ALS-FTD
ones [Strong et al., 2017].

A mention is finally worth doing on the work by Carelli et al. (2021), who tested the construct
validity and diagnostics of the ECAS in PD and Huntington’s disease (HD) — in the light of the
fact that such a screener, as accommodating for dysarthric features and upper-limb impairment,
is virtually applicable to all motor disorders [Abrahams et al., 2014; Foley et al., 2018]. While
convergent validity with FAB and MoCA scores was confirmed in both groups, adequate
accuracy and error-based diagnostics — as derived from ROC analyses — were detected only when
aiming at discriminating HD, but not PD, patients from NIs; in addition, the ECAS proved to be
able to effectively discriminate HD from PD patients. Such preliminary findings on the feasibility
of the ECAS in HD are of major relevance due to the fact that, as recently stressed by the
Movement Disorders Society, there is currently little consensus worldwide on which cognitive
screening tool should be addressed to this clinical population — mainly due to the lack of

clinimetric and feasibility evidence [Mestre et al., 2018].
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3.4.2 Telephone-based cognitive screeners

As previously mentioned (Sect. 3.2), albeit the systematic review by Zanin et al. (2022)
highlighted the absence of fully standardized TBCS tests, promising psychometric and diagnostic
evidence had been delivered for the Itel-MMSE [Metitieri et al.,2001; VVanacore et al.,2006] and
the I-TICS [Dal Forno et al., 2006].

As to the Itel-MMSE, the original, development and standardization study by Metitieri et al.
(2001) carried out on 104 patients with dementia of diverse etiologies — i.e., due to AD, VaD or
FTD — and heterogeneous severity — as based on the Clinical Dementia Rating (CDR) scale
[Hughes et al., 1982] — , showed 1) its optimal test-retest and inter-rater reliability, 2) its
convergence with the MMSE regardless of dementia etiology, CDR levels, language impairment
and hearing deficits, 3) its concurrent validity against the MMSE and 4) its sensitivity to severity
(as measured by the CDR). Of note, Metitieri et al. (2001) also derived, within such a sample, a
regression-based equation for estimating the MMSE score based on the Itel-MMSE — which,
however, due to the relevant discrepancies between the ranges of these two tests, is likely to be
best suited for moderately-to-severely impaired patients®” [Zanin et al., 2022]. Indeed, at variance
with the 30-point, in-person MMSE, the Itel-MMSE 1) drops the Place item from the Spatial
orientation subtest, 2) is depleted of all the items relying on the processing of visual stimuli and/or
requiring non-verbal responses and 3) includes only one Naming item (i.e., a naming-to-
description task) [Metitieri et al., 2001; Vanacore et al., 2006; Zanin et al., 2022]. Five years
later, Vanacore et al. (2006) confirmed, in 107 normotypical elderlies, the convergence of the
Itel-MMSE with the MMSE, also delivering evidence on its association with second-level
measures of attention and constructional praxis and on its internal reliability — which, albeit weak,
was statistically significant. In addition, by addressing as proxy positive states an ES=1 or 2 on 6

second-level cognitive measures (covering both instrumental and non-instrumental

3"Indeed, based on Metitieri et al.’s (2001) equation, the maximum MMSE score derivable from a maximum score on the
Itel-MMSE (i.e., 22) equates to 27.38.
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domains/functions)®, Vanacore et al. (2006) proposed a number of cut-offs — which, however,
were very strict as bordering on the maximum score.

As previously mentioned (Sect. 3.2), the absence of a full standardization for the Itel-MMSE
did not prevent its adoption within a number of clinical studies [Frisoni et al., 2002; Rossi et al.,
2006; Galluzzi et al., 2009; Gremigni et al., 2009; Cavedo et al., 2012; Caratozzolo et al., 2016;
Ramusino et al., 2019; Baschi et al., 2020; Monti et al., 2021; Quattropani et al., 2021; Zangrillo
et al., 2021; Bressi et al., 2022: Vitali et al., 2022]. However, in spite of this fact, both Metitieri
et al.’s (2001) and Vanacore et al.’s (2006) works both appeared to came to the same two
conclusions — at least to the eyes of the Present Author and his colleagues [Aiello et al., 2022f]:
1) the Itel-MMSE is likely to be featured by a severe ceiling effect in NIs — as indexed by the fact
that an abnormal performance would be assigned even for individuals bordering on its maximum
[\Vanacore et al., 2006]; 2) its adoption is likely to be best suited for patients with moderate-to-
severe cognitive impairment [Metitieri et al., 2001].

Such hypotheses were substantially confirmed by a 2-PL, IRT-based analysis of the Itel-
MMSE performed by the Present Author and his colleagues [Aiello et al., 2022f] in a large sample
of NIs (N=567) — 227 males, 340 females; age: 51+17 years (range=18-96); education: 13.3+4.3
years, (range=1-26) —, which indeed showed that: 1) ~70% of NIs scored the maximum on the
Itel-MMSE, with such a proportion rising up to ~90% if cumulatively considering also those
scoring 21 out of 22; 2) most of its items had near-zero variance in NIs, being thus featured by
very low difficulty and poor discrimination — except for a number of them drawn from the Serial
subtraction and Spatial orientation subtests; 3) its global score reached its peak of informativity
only for low-performing NIs, being, at variance, fundamentally uninformative towards the
cognitive status of those yielding medium-to-high® performances [Aiello et al., 2022f]. Such

findings, taken together with those overall showing the suboptimal measurement properties of

%The Present Author would like to point out that Vanacore et al. (2006) did not clearly state whether ROC analyses were
performed for such an aim — albeit this appears to be likely.

1t is remarkable, in this respect, that the mean Itel-MMSE score for the whole sample was =21.5, with little variability
(SD=.88) [Aiello et al., 2022f].
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Itel-MMSE at an item-level*® [Aiello et al., 2022f], led the Present Author and his colleagues to
focus on the other TBCS test that proved to be promising within the Italian scenario [Dal Forno
etal., 2006], which had also gained a “gold-standard” status internationally, i.e., the TICS [Brandt
etal.,1988; Aiello et al., 2022m; 2022u] — as well as to adapt or anew-develop a number of further
disease-/domain-specific TBCS screeners [Aiello et al., 2022l; 2022n].

Before entering into the merit of such investigations [Aiello et al., 20221; 2022m; 2022n;
2022u], a premise is worth doing on the fact that, within all of them — including that on the Itel-
MMSE [Aiello et al., 2022f] —, the Present Author and his colleagues employed a semi-structured
protocol in order to: 1) ensure that the audio quality of the call was optimal from both the
examiner’s and the examinee’s standpoints — via an in-depth, standardized sound-check; 2) exert
the highest possible degree of control over the administration environment — by asking an
informant (e.g., a cohabitee or caregiver) to preliminarily check for the absence of surrounding
sources of distraction (e.g., a TV on, loud noises outside) or suggestion (e.g., pen and paper,
calendars, calculator, etc.); 3) instruct the examinee on those actions that were required for
delivering test responses®!. Additionally, with regard to those tests requiring to provide
contact/address information for the assessment of personal and/or spatial orientation [Aiello et
al., 2022f; 2022m; 2022u], the aforementioned informant was also asked — either before or after
the testing session — whether the data reported by the examinee was correct or not — in order for

the examiner to properly score such items.

3.4.2.1 The Telephone Interview for Cognitive Status (TICS)
Historically [Castanho et al., 2014], the TICS is the first TBCS test ever developed —
introduced in the U.S. in the late ‘80s by Brandt et al. (1988) as a telephone-based alternative to

the MMSE [Folstein et al., 1975]. By taking ~5-10’ to be administered, it includes 11 items

“OIndeed, Aiello et al. (2022f) also found that 1) the Itel-MMSE failed to meet a mono-factorial structure and 2) yielded only
acceptable internal reliability (Cronbach’s a=.61).

41 Slight variations to the sound-check and examinee instructions were applied base on test requirements, although the
protocols were definitely comparable among each other [Aiello et al., 2022f; 20221; 2022m; 2022n; 2022u].
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(range=1-41) covering both instrumental domains — i.e., orientation, language and memory — and
non-instrumental functions — i.e., attention and EF [Brandt et al., 1988]. Shortly after its
development, the TICS — and all its numerous, modified forms*? — begun to be frequently
employed within large-scale, epidemiological studies on cognition [Breitner et al., 1990; 1994;
1995; Brandt et al.,1993; Plassman et al., 1994; 1995] — having also gathered, over the following
decades, a massive amount of evidence supportive of its psychometric/diagnostic soundness and
feasibility as addressed to a variety of clinical and non-clinical populations [Smith et al., 2009;
Martin-Khan et al., 2010; Herr & Ankri, 2013; Castanho et al., 2014]. Consistently, a number of
recent, synoptic works [Elliott et al., 2020; Watt et al., 2021; Riley et al., 2022] have
independently came to the conclusion that, based on the available literature, the TICS represents
the gold-standard TBCS test on a global scale [Fong & Inouye, 2018].

Its clinimetrics and/or cross-sectional/longitudinal feasibility have indeed been thoroughly
reported as addressed to clinically-diagnosed MCI and dementia [Gatz et al., 2002; Lines et al.,
2003; Cook et al., 2009; Duff et al., 2009; Seo et al., 2011; Lindgren et al., 2019] and
cerebrovascular diseases (e.g., stroke, transient ischemic attack, subarachnoid hemorrhage)
[Desmond et al.,.1994; Mayer et al., 2022; Barber et al.,2004; King et al., 2006; Springer et al.,
2009; Pendlebury et al., 2013; Zietemann et al., 2017], with incidental evidence of feasibility
being also retrievable in respect to delirium [Tsui et al.,2022], TBI [Lin et al., 2010; Caron et
al.,2022], MS [George et al.,2016], PD [Louis et al., 2015], HD [Ho et al., 2004; 2006] ALS
[Christodoulou et al. 2016], individuals with SCD [Amariglio et al., 2011], as well as patients
with general-medical conditions possibly affecting cognition — e.g., diabetes [Grodstein et al.,

2001; Crooks et al., 2003; Debling et al., 2006; Okereke et al., 2008], cardiovascular diseases

“2Indeed, to the best of the Present Author’s knowledge, at least 5 modified versions of the TICS, each of whom with

different ranges, have been developed — all having in common the inclusion of an additional Delayed recall item, as well as,

at the same time, differing from each other as to the depletion or addition of other items: 1) the TICS-modified (TICS-m;

range=0-50) by Welsh et al. (1993); 2) the TICS-30 (range=0-30) and 3) the TICS-40 (range=0-40) by Fong et al. (2009);

4) the TICS-27 (range=0-27) and the 5) TICS-35 (range=0-35) by Crimmins et al. (2011). Within such a possibly chaotic

scenario, for the sake of parsimony, as well as in order not to create confusion, the Present Author and his colleagues
addressed, for the Italian adaptation and standardization of the TICS, its original version by Brandt et al. (1988).

95



[Gharacholou et al., 2011; Gure et al., 2012; Covello et al., 2021], COVID-19 [Soldati et al.,
2021; Liu et al., 2022] and radiotherapy-induced iatrogenic effects [Hansen et al., 2017].

In addition, and relevantly in the view of its clinical use, the TICS was shown to be 1)
predictive of daily functional status and survival [McGuire et al.,2006; Dixon et al., 2022], 2)
diagnostically accurate for identifying cognitive disorders within population-screening and case-
finding scenarios [Crooks et al., 2005; Van Uffelen et al., 2007; Lacruz et al., 2013] — also within
primary care settings [Abdulrahman et al., 2022] —, 3) related to second-level, in-person measures
of cognition [Van Den Berg et al., 2012; Castanho et al.,2016] and 4) associated with
neuroimaging markers of vascular or degenerative lesions [Wright et al., 2017] and post-mortem,
AD neuropathology [Robinson et al., 2021].

Finally, besides the numerous, general uses that have been made of the TICS within large-
scale, population-based, epidemiological studies on cognition in both NIs and patients with brain
disorders [Herr & Ankri, 2013], the test has proved useful for selecting participants that are
eligible for enrollment within clinical trials [Yaari et al., 2006; Espeland et al., 2011; Reckess et
al..2013].

As far as the Italian scenario is concerned, as previously mentioned (Sect. 3.2), Dal Forno et
al. (2006) tested the clinimetrics and feasibility of a translated version of the original TICS by
Brandt et al. (1988) — i.e., the I-TICS — on 45 probable AD patients and 64 Nls, detecting 1)
optimal internal reliability, 2) adequate test-retest reliability in NIs, 3) optimal inter-rater
reliability — by crossing the above- vs. below-cut-off classifications yielded by the I-TICS and
the MMSE —, 3) optimal convergence as well as 4) concurrent validity against the MMSE — also
delivering, in Metitieri et al.’s (2001) fashion, an equation to derive MMSE scores from I-TICS
ones —, 5) excellent ROC-based accuracy and 6) error-based diagnostics in discriminating patients
from Nlis and, finally, 7) optimal responsiveness within the clinical cohort at a 3-to-25-month
distance. Moreover, as outlined above (Sect. 3.2), Simeon et al. (2015) later tested an ad hoc

adapted version TICS, ranging 0-39, for epidemiological purposes.
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However, in spite of the promising work performed by Dal Forno et al. (2006), an adaptation
and full standardization of the TICS that could be assigned an official status was never delivered
in Italy — at least up to the time when the Present Author and his colleagues decided to engage in
such a project®®,

To such an aim, Aiello et al. (2022m; 2022u) back-translated the original TICS by Brandt et
al. (1988) and culturally adapted its record-form according to Ferrucci et al. (1998). The Present
Author and his colleagues subdivided the TICS into 4 subtests as follows: 1) Orientation (TICS-
0), ranging 0-12 and including Personal, Spatial and Temporal orientation items; 2) Attention
and executive functioning (TICS-AEF), ranging 0-9 and including Backward counting, Serial
subtraction and Abstraction items; 3) Language (TICS-L), ranging 1-8 and including Naming to
description, sentence-Repetition and sentence-Comprehension items; 4) Memory (TICS-M),
ranging 0-12 and including Immediate recall of a word-list and Semantic memory items [Aiello
et al.,2022m; 2022u]. Moreover, as suggested by Brandt et al. (1988), a 12" item was added, i.e.
a Delayed recall (TICS-DR; range=0-10) of the world-list comprised within the TICS-M: two
global scores can thus be computed: the original TICS (range=1-41) and the TICS plus TICS-DR
(i.e., TICS<DR; range=1-51) [Aiello et al.,2022m; 2022u].

Within a sample of 365 NIs — 147 males, 216 females; age: 53.2+16 years (range=18-89);
education: 13+4.5 years (range=0-26); predominantly clerical occupation: 44%; predominantly
manual occupation: 56% — from different Italian regions (Northern Italy: 74%; Central and
Southern Italy: 26%), Aiello et al. (2022m) reported that the TICS 1) significantly converged
with the Itel-MMSE (rs=.37), 2) showed acceptable internal reliability (Cronbach’s=.63), 3) was
featured by optimal inter-rater reliability (ICC=.78; 57 record-forms independently scored by 2
raters) and 4) excellent test-retest reliability (ICC=.98; 77 NIs being followed-up at a 30-day
distance) and 5) accurately detected NIs scoring below the 5" percentile of the empirical

distribution of Itel-MMSE scores (AUC=.83). Interestingly, within a subsample (N=152) being

43The Present Author and his colleagues indeed authored the official Manual for the Italian TICS, which has been edited by
and is thus under the copyright of Giunti Psychometrics.
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also administered the TICS-DR, the accuracy of the TICS in identifying Nls that performed
poorly on the Itel-MMSE was inferentially comparable, but descriptively higher, than that of the
TICS&DR [Aiello et al., 2022m]. Finally, within the same investigation [Aiello et al., 2022m], a
2-PL, IRT-based model applied to the TICS showed that the vast majority of its items were
featured by a moderate-to-high difficulty, with Serial subtraction ones being the most difficulty
and discriminative.

Subsequently, within the official Manual, edited by Giunti Psychometrics*, Aiello et al.
(2022u) further delivered, within a slightly larger sample, 1) evidence for the TICS and TICSgDR
being underpinned by a mono-factorial structure, as well as 2) subtest-level, regression-based

norms pursuant to the ES method.

3.4.2.2 The ALS Cognitive Behavioural Screen-Phone Version (ALS-CBS-PhV)

There is nowadays little doubt — especially after the onset of the COVID-19 pandemic — on
the fact that patients with brain disorders and concomitant primary motor disabilities may benefit
from telemedicine — including remote cognitive evaluations — even more than clinical populations
without motor involvement [Hatcher-Martin et al., 2020; Perez et al., 2020; Grogan & Simmons,
2020].

With specific regard to ALS, which generally leads to a rapid, significant functional loss that
makes transportations difficult, it thus comes as no surprise that telemedicine has been proved
clinically useful worldwide [Andrews et al., 2020; Halleman et al. . 2020], as well as well-
accepted by both patients’ and deliverers’ viewpoints [Geronimo et al.,2017]. Such a stance
acquires even greater relevance in the light of the COVID-19 pandemic — if considering that ALS
patients, due to the respiratory dysfunctions and overall frailty inherent to the disease, might be
particularly subjected to adverse outcomes following SARS-CoV-2 infection-related pulmonary

involvement [Galea et al., 2021]. For these reasons, as well as to partially circumvent the possible,

#4Since the official Manual for the Italian TICS is under the copyright of Giunti Psychometrics, no further information
besides that already reported in Section 3.4.2.1 — as having been published elsewhere [Aiello et al., 2022m] — can be
disclosed within the Present Dissertation.
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uneven geographical distribution of ALS centers/clinics, the adoption of ICT media have been
prompted to enhance the feasibility of decentralized clinical trials as addressed to ALS
[Govindarajan et al., 2020]. Consistently, even within the Italian scenario, the use of telemedicine
as addressed to ALS has received widespread, major support, especially over the last two years
[Vitacca et al., 2010; Amato et al., 2019; Capozzo et al., 2020; De Marchi et al.; 2020; 2021,
Pinto et al., 2020; Bombaci et al.,2021; Consonni et al., 2021; Vasta et al.,2021].

Nevertheless, even in spite of the aforementioned clinical relevance of assessing cognition in
ALS (Sect. 3.4.1.3), little attention has been given, at an international level, to the development
of ALS-specific cognitive screeners that could be administered remotely. To the best of the
Present Author’s knowledge, the only exception of this is represented by Christodoulou et al.’s
(2016) study: here, a version of the ALS-CBS [Woolley et al., 2010], adapted to be administered
over the telephone, showed, in an ALS cohort, optimal feasibility and statistical equivalence
(Sect. 2.4.4) with its in-person format.

In the light of such promising findings, as well as taking into account 1) the aforementioned,
overall benefits possibly arising from the availability of an ALS-specific TBCS test, 2) the fact
that, due to the uneven geographical distribution of ALS centers/clinics in Italy, this Country
would have benefited even more from such a thing, as well as that 3) the Italian ALS-CBS had
been recently standardized by Tremolizzo et al. (2020), the Present Author and his colleagues
engaged in a joint, international effort aimed at adapting and standardizing the Italian ALS-CBS-
Phone Version (ALS-CBS-PhV) [Aiello et al., 20221].

Based on Christodoulou et al. (2016), only two items, comprised within the first subtest of
the ALS-CBS (Attention), and compelling examiners to rely on vision to score examinees’
responses, were adapted to be administered over the telephone —i.e. item 1a (Commands), which
requires examinees to execute actions by means of their limbs or eyes, and item 1c, which is a
saccade/anti-saccade task (Eye movements) [Aiello et al., 20221]. More specifically, item 1a was
modified so that examinees could deliver their responses verbally or by tapping on the telephone,

whilst item 1c “[...] [was] replaced with a[...] task requiring the examinee to detect [,by tapping
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on the telephone,] a verbal target among distractors.” [Aiello et al., 2022I; p. 2573]. Such items
underwent back-translation, whereas remaining ones were retrieved verbatim from the back-
translated, Italian ALS-CBS by Tremolizzo et al. (2020) [Aiello et al., 20221]. The Italian ALS-
CBS-PhV thus resulted to be structured into 4 subtests as follows: “[...] [1)] Attention, comprising
[...] [the abovementioned two items and a] [...] syllable segmentation (Mental
Addition/Language, 1b) [...] [task]; [2)] Concentration, [being] a backward digit span [BDS]
task; [3)] Tracking/Monitoring, comprising backward month production (Months, 3a), forward
alphabet production (Alphabet, 3b) and letter-number alternation (Alternation Task, 3c) tasks;
and [4)] Initiation and Retrieval, [being] a phonemic verbal fluency task.” [Aiello et al., 2022l;
p. 2572]. In addition, two measures for the Concentration subtest were addressed, namely “T...]
the “working memory” (i.e., the span, ranging 0-5[; BDS-WM]) and the “total” outcome (i.e., the
number of correct sequences, ranging 0-8[; BDS-T]) - the former assessing working memory
capacity, the latter being a measure of sustained attention during the execution of the task
according to Pasotti et al. (2022)” [Aiello et al., 2022l; pp 2573-1574].

Within a sample of 359 NlIs — 143 males, 216 females; age: 52.7+15.8 years (range=18-89);
education: 13.1+4.4 (range=0-26); predominantly clerical occupation: 44%; predominantly
manual occupation: 56% — from different Italian regions (Northern Italy: 72%; Central and
Southern Italy: 28%), subtest-level norms were derived according to the ES method, with a web-
app having also been implemented by means of shinyApp [Chang et al., 2020] for the automated

calculation of adjusted scores (https://enaiello.shinyapps.io/ALSCBSPhV/) based on age and

education (which were significant predictors of all ALS-CBS-PhV measures) [Aiello et al.,
2022l]. As to its clinimetrics, the ALS-CBS-PhV 1) proved to be underpinned by a mono-
factorial structure, 2) significantly converged with both the Itel-MMSE (rs=.23) and the TICS
(rs=.51), 3) showed acceptable internal reliability (Cronbach’s a=.61), 4) excellent inter-rater
reliability (ICC=.96; 58 record-forms independently scored by 2 raters) and 5) adequate test-retest
reliability (ICC=.69; 126 NIs being followed-up at a 30-day distance), 6) was statistically

equivalent to its in-person version (based on a dependent-sample TOST procedure applied to 26
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NIs having undergone the ALS-CBS and the ALS-CBS-PhV at a 14-day distance in a
counterbalanced order —i.e., 13 NlIs being administered the ALS-CBS before the ALS-CBS-PhV
and 13 after) and 7) accurately detected NIs performing below the 5 of both Itel-MMSE
(AUC=.82) and TICS scores (AUC=.89) [Aiello et al., 20221]. Additionally, a 2-PL, IRT-based
model showed that the Concentration items were the most informative — as being relatively

difficult and overall highly discriminative [Aiello et al., 20221].

3.4.2.3 The telephone-based Frontal Assessment Battery (t-FAB)

EF deficits arguably represent the most common cognitive dysfunctions across both primary
and secondary brain disorders, regardless of their etiology [Godefroy, 2003], being also
moderately prevalent/incident — as previously outlined (Sect. 3.4.1.1) — in supposedly
normotypical elderlies [Verhaeghen & Cerella, 2002]. Indeed, as being a non-instrumental
process, EF relies on widespread cortical-subcortical circuitries that go beyond the mere frontal
lobes (and their diencephalic connections) — being thus hardly localizable at a neural level, at
variance with other instrumental domains (e.g., primary language deficits usually follow to
perisylvian network involvement) [Alvarez & Emory, 2006]. Moreover, the detrimental impact
of EF deficits on functional outcomes — in both patients [Barker-Collo & Feigin, 2006; Jekel et
al., 2015; Martyr & Clare, 2012] and supposedly normotypical elderlies [Overdrop et al.,2016]
— is thoroughly acknowledged.

Such considerations led the Present Author and his colleagues to develop and standardize a
telephone-based version of the FAB (t-FAB) [Aiello et al., 2022n] — as such an EF screener
arguably represents an international gold-standard (Sect. 3.4.1.1) [Hurtado-Pomares et al., 2018].
Indeed, besides the abovementioned, clinical applications, the availability of a TBCS test for EF
deficits was deemed as relevant, by the Present Author and his colleagues [Aiello et al., 2022n],
also in the view of its use as an outcome measure within either epidemiological or interventional

studies addressing brain disorders predominantly featured by dysexecutive features — as is the
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case, e.g., for FTD, in whose regards the development of dedicated endpoints to be employed
within clinical trials has been advocated [Tsai & Boxer, 2016].

Aiello et al.’s (2022h) FAB was adapted to be administrable over the telephone as follows:
1) FAB-1 items were kept the same as the FAB (t-FAB-1); 2) Motor series and Prehension
behaviour were dropped; 2) Conflicting instructions and Go-No Go items were modified so that
examinees could deliver their responses verbally or by tapping [Aiello et al.,2022n]. More
specifically, “[...] two versions of [...] [these items], different as to their response modality, were
developed: the first requiring the examinee to provide a motor response (t-FAB-M; e.g. “tap once
on the table when | tap twice”), the second to provide a verbal one (t-FAB-V; e.g. “say «one»
when | say «two»”) [...]” [Aiello et al., 2022n; p.1637]. The t-FAB thus ranged 0-12, comprising
two subtests (both ranging 0-6) — the first (t-FAB-1) including Similarities and Lexical fluency,
the second, available in two versions based on response modality (t-FAB-2-M/-V), including the
aforementioned adaptation of Conflicting instructions and Go-No Go items [Aiello et al., 2022n].

Within a sample of 346 NIs — 203 males, 143 females; age: 48.6+18.9 (range=18-96);
education: 13.4+3.8 (4-23); predominantly clerical occupation: 52%; predominantly
manual/manual-clerical occupation: 46% - from different regions of Italy (Northern Italy: 82%;
Central or Southern Italy: 18%) — subtest-level norms for both version of the t-FAB (i.e., t-FAB-
M and t-FAB-V) were derived via the ES method — with education being predictive of all t-FAB
measures, and age only of t-FAB-M ones [Aiello et al., 2022n]. As far as psychometrics were
concerned, both the t-FAB-M and t-FAB-V 1) proved to be underpinned by a mono-factorial
structure, 2) converged with the Itel-MMSE, the telephone-based BDS-WM/-T [Aiello et al.,
2022l; Pasotti et al., 2022], albeit more strongly with the telephone-based Verbal Fluency Battery

(t-VFB) [Aiello et al., 20220]* —, 3) moderately-to-strongly converged with Aiello et al.’s

45Costa et al.’s (2014) set of phonemic, semantic and alternate (i.e., phonemic-semantic) verbal fluency tasks was
standardized to be administered over the telephone within a separate work by Aiello et al. (20220) — which currently

represents the only fully standardized, second-level, domain-specific telephone-based test in Italy. The t-VFB was normed

via the ES method, at the subtest-level, within 335 Nls (140 males; age range=18-96; education range= 4-23 years),

proving to be convergently valid, reliable at internal, test-retest and inter-rater levels, as well statistically equivalent to its in-
person version; moreover, preliminary evidence of diagnostic accuracy was delivered within a sample of 27 patients with
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(2022h), in-person FAB*, 4) showed optimal inter-rater reliability (ICC=.84 and .78,
respectively; 25 record-forms online-scored by two independent raters) and 5) excellent test-retest
reliability (ICC=.88 and .94, respectively; 27 Nls followed-up at a 30-day distance) [Aiello et al.,
2022n]. In addition, a dependent-sample TOST procedure revealed that, albeit the t-FAB-V
happened to be easier to perform than the t-FAB-M, the two versions proved to be statistically
equivalent [Aiello et al., 2022n]. Finally, preliminary feasibility evidence for the t-FAB had been
delivered within an etiologically heterogeneous sample of 40 patients with brain disorders —i.e.,
with ischemic/hemorrhagic stroke, small vessel disease (SVD) [Shi & Wardlaw, 2016], PD
[Postuma et al.,2016], atypical parkinsonisms [Levin et al., 2016] and mixed dementia [Zekry &
Hauw, 2002]*" — with both t-FAB-M and t-FAB-V scores 1) being able to discriminate the whole
normative sample from the clinical cohort (AUC=.76 and .73, respectively) as well as 1)
converging with the in-person FAB (rs=.62 and .43, respectively) and 2) being able to identify
patients with a FAB ES<1 (AUC=.83 and .7, respectively) within a subsample of 33 patients
being administered the in-person FAB 7-to-14 days before [Aiello et al., 2022n].

3.4.2.4 Ad interim conclusions: telephone-based cognitive screeners

As described above (Sect. 3.4.2.1, 3.4.2.2, 3.4.2.3), the Present Author and his colleagues
delivered, between 2021 and 2022, for the first time in Italy, three fully standardized TBCS tests
— one being domain-general, i.e. the TICS [Aiello et al., 2022m; 2022u], another being disease-
specific, i.e. the ALS-CBS-PhV [Aiello et al., 20221] and the last being domain-specific, i.e. the
t-FAB [Aiello et al., 2022n]. Such instruments will hopefully come in handy to the Italian clinical

and research community, in the light of the numerous advantages that feature TBCS tests (Sect.

cerebrovascular/neurodegenerative disorders [Aiello et al., 20220]. However, the t-VFB will not be herewith discussed, as
indeed being a second-level measure of cognition.

“6To such an aim, the following procedure was adopted: “[...] 50 [NIs] [...] underwent the paper-and-pencil FAB 48 hours
before (N=25) or after (N=25) the remote assessment in order to rule out carry-over effects. A different subgroup of 20 [NIs]
[...] were administered the FAB either 14 days before (N=10) or after (N=10) the t-FAB.” [Aiello et al., 2022l; p. 1637].
Within such analyses, Spearman’s coefficients ranged from .44 to .78 [Aiello et al., 20221].

#These patients were referred to two neuropsychology clinics in Northern Italy and consecutively recruited, on a voluntary
basis, against the following exclusion criteria: 1) acute, severe/uncompensated general-medical conditions; 2)
uncompensated hearing deficits; 3) severe behavioural dysfunctions that would have undermined compliance [Aiello et al.,
2022n]. Diagnoses were made by a neurologist and were pursuant to the cited nosographic systems [Aiello et al., 2022n].
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2.4.2), as well as based on both the soundness of their norms and the remarkable amount of
clinimetric and feasibility features examined — which are summarized in Table 1. Relatedly,
according to the CSSC (Sect. 3.2) [Aiello et al, 2022a], and solely based on the abovementioned
studies [Aiello et al., 2022I; 2022m; 2022n; 2022u], the TICS would be assigned a score of 31,
the ALS-CBS-PhV a score of 33 and the t-FAB a score of 32 — all values that exceed the
aforementioned >21 threshold (albeit being arguable biased by the fact that the CSSC has not
been intended to be specifically applied to TBCS tests)*.

The above being said, further efforts are nonetheless needed in order to improve the
clinimetric quality and feasibility of such TBCS tests: 1) content, criterion and ecological validity
evidence have not yet delivered; 2) parallel forms should be developed and RCIs derived in order
to improve their longitudinal feasibility; 3) an in-depth assessment of their diagnostics, which
goes beyond ROC-based accuracy and addresses selected clinical populations (e.g., ALS patients
with regard to the ALS-CBS-PhV and patients with focal frontal lesions with regard to the t-
FAB)*, has to be performed, along with 4) a deeper evaluation of their cross-sectional, clinical
feasibility (e.g., case-case discrimination and sensitivity to severity evidence are lacking)®’; 5)
longitudinal studies for testing the presence of practice effects, as well as their responsiveness

[Aiello et al., 2022l; 2022m; 2022n; 2022u].

“8Indeed, in-person equivalence/convergence, which is a pivotal element within the statistical study of TBCS tests, is
missing from the CSSC [Aiello et al., 20223].

4SWith this regard, it should be noted that Dal Forno et al.’s (2006) findings for the I-TICS might to an extent be addressed

as a proxy of the clinical usability of Aiello et al.’s (2022m; 2022u) TICS.

*OIndeed, case-control discrimination and case-case discrimination/sensitivity to severity evidence delivered for the t-FAB
are to be intended as preliminary, as addressed to a non-selected, general population of patients with brain conditions whose

frontal involvement has not been ascertained [Aiello et al., 2022n].
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Table 1. Statistical features available for the Italian TICS, ALS-CBS-PhV and t-FAB.

TICS

ALS-CBS-PhV

t-FAB

CSSC-S (/13)
Validity

Reliability

Error-based diagnostics

Information-based diagnostics

Diagnostic accuracy
Norms

Cross-sectional feasibility

Longitudinal feasibility

Content validity
Convergent validity
Divergent validity
Concurrent validity
Predictive validity
Factorial validity

Face validity

Ecological validity
Internal reliability
Test-retest reliability
Inter-rater reliability
Parallel-form reliability
Sensitivity

Specificity

Positive predictive value
Negative predictive value
Positive likelihood ratio
Negative likelihood ratio

Raw score adjustment
Error-controlled cut-off
Back-translation

Cultural adaptation
Acceptability/ease of use
Ceiling/floor effects
Case-control discrimination
Case-case discrimination
Sensitivity to severity
Item-level information

In-person equivalence/convergence

Responsiveness
Practice effect
Reliable change index

12

12

12

Notes. Inspired by Aiello et al. (2022a; 2022b). ALS-CBS-PhVV=ALS Cognitive Behavioral ALS Screen — Phone Version; CSSC-
S=Cognitive Screening Standardization Checklist — Sampling; TICS=Telephone Interview for Cognitive Status; t-FAB=telephone-based

Frontal Assessment Battery. CCSC-S scores represent a measure of the quality of the normative sample.
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General disclaimer applying to Section 4

Sections 4.1 and 4.2 of the present Dissertation report in full two studies by the Present
Author and his colleagues, whose manuscripts are not currently published in any Journal. At the
time of the completion of the second, revised draft of the present Dissertation, the manuscripts
including such studies are not under consideration for publication in any Journal. | will be the
first listed Author of and | will serve as a Corresponding Author for all the manuscripts that will
hopefully result from such studies.

More specifically, Section 4.1 is based on one study, whose provisional manuscript title and
provisional co-Author list is the following:

Section 4.1: Aiello, E. N., Diana, L., Sangalli, G., Difonzo, T., Zago, S., Casartelli, S.,
Appollonio, I., & Bolognini, N. (2022). Clinical usability of the Italian Telephone Interview for
Cognitive Status (TICS). [Manuscript in preparation].

Similarly, Section 4.2 is as well based on one study, whose provisional manuscript title and
provisional co-Author list is reported below:

Section 4.2: Aiello, E. N., Pucci, V., Diana, L., Corvaglia, A., Niang, A., Mattiello, S., Preti,
A. N., Durante, G., Ravelli, A., Consonni, L., Guerra, C., Delli Ponti, A., Sangalli, G., Difonso,
T., Scarano, S., Perucca, L., Banco, E., Zago, S., Appollonio, I., Mondini, S., & Bolognini, N.
(2022). Telephone Language Screener (TLS): standardization and usability of a novel telephone-

based screening test for language impairment. [Manuscript in preparation].
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4. Currently unpublished studies by the Present Author and his colleagues

As outlined within the conclusive remark of the previous Section (Sect. 3.4.2.4) and shown
in Table 1, a significant amount of effort has still to be put in to provide a number of statistical
features for the TBCS tests developed by the Present Author and his colleagues, with the ultimate
goal of increasing their level of recommendations for clinical and research use.

Such a consideration led the Present Author and his colleagues to keep on carrying out a
number of further studies — which, in the first place, prioritized the evaluation of the diagnostic
properties and clinical feasibility of the TICS: indeed, as previously mentioned (Sect. 3.4.2.1),
such a TBCS test, besides being the one having historically received the greatest statistical
support worldwide, has been shown to be applicable to several clinical populations, whether
within care or experimental settings [Herr & Ankri; Castanho et al., 2014; Elliott et al., 2020].
Thus, a first study (Sect. 4.1), by addressing an heterogeneous sample of patients coming to
clinical-neuropsychological attention, will focus on 1) testing whether the TICS converges with
the face-to-face cognitive screener to which it was originally inspired — i.e., the MMSE [Brandt
et al., 1988]°! —, 2) assessing its diagnostics within a case-finding setting by also exploring its 3)
case-control discrimination and 4) sensitivity to severity, as well as, finally, 5) delivering
preliminary evidence on its longitudinal feasibility in a selected subsample of non-
neurodegenerative patients.

Finally (Sect. 4.2), the development and standardization study of a novel, domain-specific
TBCS that targets language functioning — i.e., the Telephone Language Screener — will be
reported. The Present Author and his colleagues in fact deemed as adequate to make such a test
available given that, among impairments of instrumental functions, language deficits arguably
represent the most prevalent/incident domain-specific feature across different brains disorders of
diverse etiologies — whether such deficits are primary (i.e., following morphological/functional
alterations of perisylvian networks) or secondary to non-instrumental dysfunctions (i.e.,

dysexecutive and/or inattentive features) [O’Sullivan et al., 2019].

SIThis historical notion was kindly shared with the Present Author by Prof. Jason Brandt himself.
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4.1 Clinical usability of the Telephone Interview for Cognitive Status (TICS)

4.1.1 Background

Albeit Dal Forno et al.’s (2006) study delivered promising evidence on the clinimetric
soundness and cross-sectional/longitudinal feasibility of the TICS within clinical settings (Sect.
3.4.2.1), such an investigation that addresses Aiello et al.’s (2022m; 2022u) official version of
the Italian TICS is currently lacking.

Hence, the study presented within this Section aimed at preliminarily assessing, within a
heterogeneous cohort of patients coming to clinical-neuropsychological attention, 1) the
convergent validity of the TICS against the MMSE 2) its diagnostic properties in identifying
those with a MMSE-defined cognitive impairment and 3) its sensitivity to the level of overall
cognitive efficiency, by stratifying patients according to MMSE scores.

In addition, preliminary evidence on the case-control discrimination of the TICS was
delivered, within a simulated, large-scale case-finding scenario, by means of comparing patients
with a MMSE-defined cognitive impairment against a large sample of NIs.

Finally, the present study also aimed at preliminarily assessing whether the TICS vyielded
stable scores and was free from practice effects within an etiologically homogenous cohort of

non-neurodegenerative patients followed-up at a 5-to-9-month interval.

4.1.2 Methods

4.1.2.1 Participants

Eighty patients referred to the neuropsychology clinics of IRCCS Fondazione Ca’ Granda
Ospedale Maggiore Policlinico, Milan, Italy and IRCCS Istituto Auxologico Italiano, Milan, Italy
between June 2021 and May 2022 were recruited against to the following exclusion criteria: 1)
impossibility to acquire a valid informed consent to participation and data treatment as provided
by either patients themselves or their legal guardian(s); 2) occurrence of severe, uncompensated
general-medical conditions in the acute phase; 2) presence of uncompensated hearing/vision

deficits. The study was approved by the Ethical Committee of IRCCS Istituto Auxologico
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Italiano; informed consent was acquired and data treatment was pursuant to the current
regulations.

Out of such an initial cohort, only patients meeting the following criteria were eventually
included: 1) having been successfully administered the MMSE, for clinical purposes, no more
than 14 days before recruitment — since a quantitative, reference standard was needed to test the
diagnostics of the TICS; 2) either being affected by a neurologist-confirmed
cerebrovascular/neurodegenerative condition or being referred to clinical attention due to SCD —
in order for the cohort to be as much representative as possible of the most prevalent/incident
brain disorders (whether they are neurologically confirmed or suspected — as is the case for SCD
[Jessen et al., 2014]) [Van Der Flier & Scheltens, 2005]. Accordingly, 1) 5 patients with left-
lateralized ischemic/hemorrhagic stroke were excluded due to missing MMSE scores and 2) 8
patients were excluded due to out-of-target diagnoses (MS: N=7; TBI: N=1) — with the final
cohort being of 67 patients, subdivided as follows: 39 with cerebrovascular conditions — SVD:
N=21 [Shi & Wardlaw, 2016]; neuroradiologically-confirmed ischemic/hemorrhagic stroke:
N=18 —, 11 with neurodegenerative diseases — i.e., AD: N=2 [McKhann et al, 2011]; atypical
parkinsonism: N=6 [Levin et al., 2016]; PD: N=2 [Postuma et al., 2015]; LBD: N=1 [McKeith et
al., 2005] — and 17 with SCD.

For the aim of test-retest reliability and practice effect testing, the most represented,
homogeneous subsample of non-neurodegenerative patients recruited at baseline —i.e., those with
SVD - was followed-up at a 5-to-9-month interval. Out of 21 SVD patients initially recruited, 13
(61.9%) agreed to be re-tested.

To the aim of testing the case-control discrimination of the TICS, data on NIs addressed
within the original, standardization studies of the TICS [Aiello et al., 2022m; 2022u], were
retrospectively retrieved according to the following inclusion criteria: 1) obtaining an ES>1 on
the TICS [Aiello et al., 2022u]; 2) being aged above the minimum age value of or 3) having an
educational level that did not exceed the maximum value of the aforementioned, definite clinical

cohort —i.e., >38 years of age or <18 years of education. Accordingly, data on 278 Nls, out of an

109



initial pool of 371 — 12 NIs being excluded as obtaining an ES=0 on the TICS, whereas 81 due to
demographic mismatches —, were entered into a ROC analysis comparing them to patients with

MMSE-defined cognitive impairment.

4.1.2.2 Materials and procedures

The definite, clinical cohort underwent the MMSE for clinical purposes [Carpinelli-Mazzi et
al., 2020] and, at a 7-to-14 day distance, the TICS. SVD patients agreeing to the follow-up
underwent the TICS at a 5-to-9-month interval. Within the context of telephone-based testing, a
thorough sound-check was performed and, with the help of patients’ caregivers, the
administration setting controlled for distractions/suggestions — as previously described (Sect.

3.4.2).

4.1.2.3 Statistical analyses®?

Normality and homoscedasticity assumptions, which were tested, in alignment with all the
previous studies performed by the Present Author and his colleagues (Sect. 3.4.1 & 3.4.2), on raw
cognitive measures, were deemed as unmet for patients’ MMSE and TICS raw scores — as
indexed by skewness and kurtosis values >|1| and |3|, respectively [Kim, 2013].

Thus, the convergence between MMSE and TICS raw scores were tested via Spearman’s
correlations — due to data not converging to a Normal distribution and being heteroscedastic.

The diagnostic properties of the TICS within the patient cohort were assessed by means of a
2*2 contingency table crossing an above- vs. below-cut-off performance on the TICS itself (i.e.,
ES=0 vs. ESs>1) [Aiello et al., 2022u] against an above- vs. below-cut-off on the MMSE (i.e.,
ES=0vs. ESs>1) [Carpinelli-Mazzi et al., 2020]. Se, Sp, PPV/NPV and LR+/LR- were calculated,
as well as the NNSU (Sect. 2.3.2.3) proposed by Larner (2019), defined as the reciprocal of the

sum of the products between Se and PPV and Se and NPV, respectively [Mitchell, 2011; Larner,

S2For the aim of the analyses comprised within this study, due to its preliminary nature, no specific a priori sample size
estimation was deemed as adequate to be performed.
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2021e]. As for the quality assessment of likelihood ratios, Larner’s (2021b) suggestions were
followed — which, in turn, are based on Jaeschke et al.’s (1994) original recommendations: LR+
values >2 and LR- ones <.5 were deemed as acceptable. As for the NNSU, Larner’s (2019) cut-
off of <1.02 was addressed — conceptually meaning that less than one individual needs to be
screened for the test to be useful for screening aims (Sect. 2.3.2.3).

To test whether the TICS was sensitive to the level of overall cognitive efficiency, its scores
were compared between patients obtaining defective (i.e., ES=0) vs. borderline/ “low-end”
normal (i.e., ES=1 and 2) performances. Since patients’ TICS adjusted scores did not met linear
model assumptions [Kim, 2013], a Negative Binomial regression was run on TICS raw errors
(Sect. 2.3.3.2), by entering the abovementioned MMSE-based stratification as a factor, as well as
by covarying for age and education.

Case-control discrimination was tested via a ROC analysis addressing as the positive state
those patients obtaining and ES=0 on the MMSE [Carpinelli-Mazzi et al., 2020], which were
compared to the aforementioned sample of Nls. A similar, large-scale approach to case-control
discrimination testing has been previously proved feasible within a number of studies by the
Present Author and his colleagues [Aiello et al.,2022n; 20220]. Adjusted TICS scores were
addressed within such an analysis, in order to control for potential demographic discrepancies
between the two groups that could have not been already accounted for by the above expedients
employed for NI selection (Sect. 4.1.2.1).

Test-retest reliability within the 13 SVD patients having been followed-up was assessed via
an ICC coefficient, whereas practice effects by means of a repeated-measure analysis of variance
— since TICS raw scores of this subsample distributed Normally and were homoscedastic [Kim,
2013]. The number of days between the baseline and the follow-up, age and education were
covaried within such a model.

In addition, in order to test whether clinically meaningful changes occurred at on an
individual basis, an SRB approach was employed to derive RCIs for each patient (2.3.1.2).

According to Duff (2012), a three-step procedure was followed to such an aim: in the first place,
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a stepwise, linear regression was run to predict follow-up TICS scores based on empirical,
baseline ones (TOempiricat) by entering age, education and retest interval as covariates; then, RCIs
were calculated by weighting the differences between empirical and estimated follow-up scores
(T Lempirical; Tlestimated) ON the standard error of the regression estimate (SEE); finally, obtained z-
deviates were compared to the thresholds of +1.65 — with RCIs>1.65 and <-1.65 indexing a
clinically meaningful improvement and worsening, respectively, with a 90% confidence
(according to the Normal distribution).

Contingency table-based computations were performed via the jamovi 2.3.17 macro
meddecide 0.0.2 [Balci, 2022], whereas the Negative Binomial model via the jamovi 2.3.17 macro
GAMLj 2.6.6 [Gallucci, 2022]. Remaining analyses were run via either SPSS 28.0 [IBM Corp.,
2021] or jamovi 2.3.17 [The jamovi project, 2022].

4.1.3 Results
Table 2 shows background and cognitive measures of the whole clinical cohort and of Nis,
whereas Table 3 summarizes patients’ ones according to etiological/phenotypic classifications —

namely cerebrovascular disorders (i.e., SVD and stroke), neurodegenerative disorders and SCD.

Table 2. Background and cognitive measures of the whole clinical cohort and of Nls.

Patients NIs
N 67 278
Age (years) 72.974£10.98 (38-92)  59.65+11.87 (38-90)
Sex (male/female) 33/34 105/173
Education (years) 13.21+4.44 (3-18) 11.91+4.17 (1-18)
MMSE 27.06+3.31 (11-30) -
TICS
Total 31.64+5.36 (12-41) 34.6942.9 (25-41)
Attention and executive functioning 7.72+£1.84 (2-9) 8.35%1.31 (2-9)
Language 7.43+.8 (4-8) 7.73+.52 (6-8)
Memory 5.5242.77 (0-12) 6.86+1.93 (1-12)
Orientation 10.97+1.85 (3-12) 11.75+.56 (8-12)

Notes. MMSE=Mini-Mental State Examination; TICS=Telephone Interview for Cognitive Status; NIs=normotypical
individuals. Categorical variables are shown as frequencies, whereas continuous ones as M+SD (range).
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Table 3. Background and cognitive measures of patients stratified according to etiological/phenotypic classifications.

SVD Stroke NDD SCD
N 21 18 11 17
Age (years) 77.71+8.54 (56-91)  64.94+13.68 (38-92)  76.64+4.25 (70-82)  73.24+9.22 (54-87)
Sex (M/F) 7/14 9/9 8/3 9/8
Education (years) 12.29+4.7 (3-18) 14.11+4.11 (7-18) 14.91+4.74 (5-18) 12.29+4.07 (5-18)
Lateralization (L/R) - 9/9 -

2/2/6/1

NDD phenotype (AD/PD/AP/LBD) - - -
MMSE 26.86+3.02 (21-30)  27.78+2.05(23-30)  27.18+3.16 (20-30)  26.47+4.71 (11-30)
ES=0 (%) 28.6 11.1 27.3 235
TICS
Total 31.38+4.77 (22-40)  33.17+4.82 (19-41)  31.91+5.49 (17-38)  30.18+6.45 (12-38)
ES=0 (%) 19 11.1 18.2 29.4
Attention and executive functioning 7.81+1.75 (3-9) 7.5+2.07 (2-9) 7.82+£1.78 (3-9) 7.76+1.89 (3-9)
ES=0 (%) 9.5 5.6 9.1 5.9
Language 7.38+.74 (6-8) 7.39+.78 (6-8) 7.45+1.21 (4-8) 7.53+.62 (6-8)
ES=0 (%) 14.3 11.1 9.1 0
Memory 5.29+2.99 (0-12) 6.83+2.71 (2-12) 5.27+2.49 (0-10) 4.5912.4 (0-9)
ES=0 (%) 19 11.1 18.2 17.6
Orientation 10.9+1.26 (8-12) 11.44+.98 (9-12) 11.36+1.8 (6-12) 10.29+2.87 (3-12)
ES=0 (%) 14.3 11.1 9.1 17.6

Notes. SVD=small vessel disease; NDD=neurodegenerative disorder; SCD=subjective cognitive decline; M=male;
F=female; L=left; R=right; AD=Alzheimer’s disease; PD=Parkinson’s disease; AP=atypical parkinsonism; LBD=Lewy
body dementia; ES=Equivalent Score; MMSE=Mini-Mental State Examination; TICS=Telephone Interview for Cognitive
Status. Categorical variables are shown as frequencies/percentages, whereas continuous ones as M+SD (range).

TICS raw scores were moderately correlated with MMSE ones (rs(67)=.44; p<.001).

Fifteen out of 67 patients had an MMSE ES=0 (22.4%). In identifying such patients among
the clinical cohort, the TICS showed relatively low Se (.6), in the face of a high Sp (.92). Its
information-based diagnostics overall proved to be optimal (PPV=.69; NPV=.89; LR+=7.8; LR-
=.43), as well as its NNSU (.81).

In discriminating patients with MMSE-confirmed cognitive impairment from the sample of
Nls, TICS adjusted scores proved to be highly accurate (AUC=.86; SE=.06; Cl 95% [.74; .98]).

Net of age and education, the MMSE-based stratification predicted TICS errors (3%(1)=6.1;
p=.014), with patients with a MMSE ES=0 (M=12.2; SE=1.11) committing an higher number of
errors than those with a MMSE ES=1 or 2 (M=8.6; SE=.85).

Table 4 shows baseline and follow-up background/cognitive measures of the 13 SVD
patients having undergone the retest. The mean interval between baseline and follow-up

assessment within the re-tested SVD cohort was 187 days (SD=32; range=165-283).
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Table 4. Background and cognitive measures of the 5-t0-9-month followed-up SVD cohort.

Baseline Follow-up
N 13 -
Age (years) 79.31+7.54 (62-91) 80+7.7 (62-91)
Sex (male/female) 4/9 -
Education (years) 11.92+4.54 (5-18) -
MMSE 27.92+2.5 (22-30) -
TICS
Total 31.6245.62 (22-40) 30.54+4.98 (21-38)
Attention and executive functioning 8.08+1.66 (3-9) 7.46+1.98 (4-9)
Language 7.69+.48 (7-8) 7.62+.65 (6-8)
Memory 5+3.44 (0-12) 5.08+2.36 (2-9)
Orientation 10.85+1.46 (8-12) 10.38+2.4 (3-12)

Notes. SVD=small vessel disease; MMSE=Mini-Mental State Examination; TICS=Telephone Interview for Cognitive
Status. Categorical variables are shown as frequencies, whereas continuous ones as M+SD (range).

Test-retest reliability was optimal (ICC=.83), with no effect of time-points (F(1,9)=2.2;
p=.171) being found net of retest interval, age and education even in the face of a slight,
descriptive decrease in TICS scores across the two time-points (baseline: M=31.6, SE=1.2;
follow-up: M=30.5; SE=1.2).

Within the SRB procedure, the stepwise regression proved that only baseline TICS scores
significantly predicted follow-up ones (B=.71; p=.006). RCIs were then computed as {T Lemprical —
[a+(b*TOempiricat)] }/SEE, with the term a+(b*TOempiricar) being the estimated TICS score at follow-
up (i.e., the intercept of the regression equation a summed to the product between the baseline
TICS score and the regression coefficient b) [Duff, 2012]. RClIs revealed that no patient showed

clinically meaningful changes — as ranging from -1.33 to 1.109.

4.1.4 Discussion

The present study provides promising, albeit preliminary, evidence on the clinical feasibility
and clinimetric soundness of the Italian TICS [Aiello et al., 2022m; 2022u] within case-finding
scenarios. Overall, findings herewith reported align with those delivered by Dal Forno et al.’s
(2006) for the I-TICS, who clearly demonstrated the clinimetric soundness and feasibility of this
screener within a clinical setting.

When addressing an heterogeneous cohort of patients attending a neuropsychology clinic,

the TICS showed 1) adequate convergence with an in-person, cognitive screening measure (i.e.,
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the MMSE), 2) adequate diagnostics in identifying patients with a defective MMSE performance
and 3) optimal case-control discrimination in differentiating them from NIs, as well as 4) optimal
sensitivity to the level of overall cognitive efficiency — as having been shown to be able to
discriminate patients with a floridly defective performance on the MMSE from those obtaining
borderline/suboptimal ESs.

Additionally, preliminary evidence on the longitudinal feasibility of the TICS was herewith
provided — by showing that, within a selected cohort of patients with a non-neurodegenerative
brain disorder (i.e., SVD), the screener yielded stable results at a 5-to-9-month retest interval.
Indeed, not only the TICS proved to be free of practice effects, but also yielded optimal test-retest
reliability and revealed no clinically meaningful changes when computing single-patient-level
RClIs via the SRB approach. Such results are of even greater interest if considering that the
condition herewith targeted (i.e., SVD) is typically featured by relevant fluctuations in cognitive
functioning and performance [lsaac et al., 2015].

The above being said, a number of limitations need to be listed with regard to this study —
whose results, as previously outlined (Sect. 4.1.1), have to be intended as preliminary.

In the first place, it has to be mentioned that the clinical cohort addressed was highly
heterogeneous as to etiologies, clinical phenotypes and cognitive levels — this of course limiting
the generalizability of the present findings towards specific clinical populations. At the same time,
with this regard, it has to be borne in mind that the choice to refer to a rather unselected population
of individuals attending a neuropsychology clinic was intentional, as being aimed to deliver
evidence on the diagnostic performance and feasibility of the TICS within an “real-life” scenario
—1.e., which could be representative of the heterogeneity in patients’ features that is encountered
during routine clinical practice. After all, cognitive screeners themselves should not be intended
as solely addressable to selected clinical populations, especially when they are domain-/disease-
nonspecific — as is the case for the TICS. Hence, albeit future investigations are undoubtedly

needed that focus on selected clinical populations — e.g., AD-spectrum disorders, as Dal Forno et
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al. (2006) did for the I-TICS —, the present investigations overall confirms the suitability of the
TICS as a cognitive screener for case-findings aims.

Relatedly, it needs to be highlighted that, besides demographic and basic, phenotype-related
data, the cohort addressed within this investigation was not characterized in detail according to
further, disease-related information (e.g., disease duration, functional outcome, behavioural
features and psychopathological status). Albeit such data was arguably not fundamental towards
the primary outcomes of the present investigation, also reflecting its inherently preliminary
nature, there is little doubt on the fact that future investigations should address patient cohorts
that are better profiled at a clinical level.

A further, critical element that needs to be addressed lies in the fact that the TICS showed an
unexpectedly low value of Se (i.e., .6) in detecting MMSE-defined cognitive impairment — this
being markedly in contrast with recent meta-analytic evidence, suggesting moderately higher
values (up to =.9) in the detection of MCI or dementing states [Elliott et al., 2020]. However, it
is remarkable that this relatively poor Se value was detected within the context of optimal
information-based diagnostics and an adequate NNSU — this being a good example of why an
extensive assessment of test diagnostics that goes beyond error-based properties should be always
performed [Bossuyt, 2010; Larner, 2019]. Indeed, as previously outlined (Sect. 2.3.2.2), Se and
Sp provide only limited information on the diagnostic efficiency of a given test, as uniquely
addressing actually “diseased” and ‘“healthy” individuals, respectively. As a matter of fact,
besides adequate PPV and NPV values having been found, non-prevalence-based, and thus more
generalizable, diagnostics (i.e., likelihood ratios), proved to be herewith optimal — this being
especially true for the LR+. Indeed, according to Jaeschke et al.’s (1994) guidelines, later referred
to by Larner (2021b), an LR+=7.8 would be suggestive, in the face of a below-cut-off
performance on the TICS, of a large increase in the post-test probability of cognitive impairment.
Additionally, it is noteworthy that the NNSU, which allows to account for Se, Sp, PPV and NPV,
and thus represents a comprehensive diagnostic metric, suggested an overall good quality of the

TICS as a cognitive screener [Larner, 2019].

116



4.2 The Telephone Language Screener (TLS)

4.2.1 Background

As previously mentioned (Sect. 4), beyond primary aphasic syndrome due to perisylvian
network involvement, selective language dysfunctions, as well as those secondary to extra-
linguistic deficits (i.e., dysexecutive or inattentive features), are arguably ubiquitous among brain
disorders [Abutalebi & Cappa, 2008; O’Sullivan et al.,2019]. Indeed, while full-blown aphasias
may follow acute perisylvian lesions — e.g., due to vascular [Flowers et al., 2016], neoplastic
[Finch & Copland, 2014], traumatic [Vas et al., 2015] or infective aetiologies [Rofes et al., 2021]
— or develop over the course of degenerative conditions primarily and predominantly affecting
language networks (i.e., PPA) [Gorno-Tempini et al., 2011; Aiello et al., 2022v],
primary/secondary language deficits also occur in several other brain disorders of either
degenerative — e.g., AD-spectrum disorders [Taler & Phillips, 2008], LBD [Macoir, 2022], PD
[Auclair-Ouellet et al., 2017], HD [Gagnon et al., 2018], atypical parkinsonisms [Peterson et al.,
2021], bvFTD [Geraudie et al., 2021] and ALS [Pinto-Grau et al., 2018; Aiello et al., 2022z;
Sbrollini et al., 2022] — and non-degenerative aetiologies — e.g., MS [Renauld et al., 2016] and
schizophrenia [De Boer et al., 2020].

It thus reasonably follows, especially in the light of the acknowledged, detrimental impact
that language dysfunctions entail towards prognostic and interventional outcomes [Sanai et al.,
2008; Plowman et al., 2012; O’Sullivan et al.,2019], that both practitioners and clinical
researchers may benefit from the availability of language screeners — with a number of them
having in fact been developed worldwide [El Hachioui et al., 2017; Wilson et al, 2018; Spitzer
et al., 2020; Epelbaum et al., 2021; Robinson et al., 2021; Patel et al., 2022] and in Italy as well
[Catricala et al., 2017; Panebianco et al., 2019; Muo et al., 2021].

Unsurprisingly, the adoption of telemedicine for diagnostic purposes in language disorders,
given its numerous advantages (Sect. 2.4.2), has in fact been advocated [Hall et al., 2013; Adams

et al., 2017] — albeit only sparse attempts to develop and/or adapt remote screeners for language
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disorders can be traced throughout the literature [Choi et al., 2015; De Witte et al., 2019; Altaib
& Meteyard, 2022] — this being especially true for telephone-based ones [De Witte et al., 2019;
Zanin et al., 2022].

As a matter of fact, assessing language over the telephone is not trivial, given the obvious
limitations that this audio-only medium conveys towards such an aim — as not allowing to 1)
examine written language skills and 2) administer visual-based tasks (e.g., picture-naming/-
description ones), also being 3) clearly unsuitable for the evaluation of patients with severe
comprehension deficits [De Witte et al., 2019]. It thus comes as no surprise that, at least to the
best of the Present Author’s knowledge, only one study, by De Witte et al. (2019), has
preliminarily explored the feasibility of a brief, telephone-based language battery (i.e., the
TeleLanguage) — with the specific aim of longitudinally monitoring language functioning of
patients who underwent neurosurgical treatment of brain neoplasms. Although lacking an in-
depth clinimetric assessment, not providing norms and addressing a small sample of both patients
(N=18) and NIs (N=14), the report by De Witte et al. (2019) not only had the undoubtable merit
of having developed the first TBCS that targets language, but also succeeded in delivering
preliminary evidence on its 1) convergence with in-person language performances, 2) case-
control discrimination and 3) responsiveness [De Witte et al., 2019].

Given the above premises, as well as in the light of the fact that no fully standardized TBCS
test for language deficits was available in Italy, the present study aimed at anew-developing and
standardizing such an instrument — i.e., the Telephone Language Screener (TLS) —, by 1)
assessing its psychometrics, 2) deriving its norms for the Italian population and 3) delivering

preliminary evidence on its clinical feasibility in patients with brain disorders.

4.2.2 Methods
4.2.2.1 Participants
The normative sample consisted of N=401 Italian NIs with no history of 1)

neurological/psychiatric disorders, 2) active psychotropic medications, 3) uncompensated, severe
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medical-general conditions and 4) uncorrected hearing deficits. NIs were recruited through both
Authors’ personal acquaintances and advertising at the University of Milano-Bicocca, Milano
and the University of Padova, Padova.

Thirty-seven patients with brain disorders, coming to clinical attention at the
neuropsychology clinics of Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico,
Milano and IRCCS Istituto Auxologico Italiano, Milano, were consecutively recruited. Patients
were free of 1) severe, uncompensated general-medical conditions, 2) uncorrected hearing/vision
deficits and 3) severe behavioural alterations that would have undermined compliance; moreover,
a valid informed consent to participation and data treatment was acquired from either themselves
or their legal guardian(s).

Patients’ recruitment was based on neurologist-posed diagnoses pursuant to current
diagnostic criteria, and accordingly subdivided into three main categories: 1) 13 with SVD
disease (SVD) [Shi & Wardlaw, 2016]; 2) 10 with neurodegenerative diseases, including 2 with
PD [Postuma et al., 2015], 4 with atypical parkinsonisms [Levin et al., 2016], 3 with AD
[Mckhann et al., 2011] and 1 with LBD [McKeith et al., 2005]; 3) 14 with neuroradiologically-
confirmed, left ischemic/haemorrhagic stroke.

The study received approval by the Ethical Committees of the University of Milano-Bicocca,
Milano, the University of Padova, Padova, and IRCCS Istituto Auxologico Italiano, Milano.
Participants provided their informed consent and data were treated according to current

regulations. Data collection started in March 2021 and ended in May 2022.

4.2.2.2 Materials

TLS. As to its structure, overall task content and aims, the TLS has been originally inspired
to the SAND [Catricala et al., 2017]. The TLS was structured into nine tasks assessing different
language domains in the view of providing component-specific, task-specific and global
measures of language functioning. A description of the development of each task, pursuant to

current psycholinguistic/neurolinguistic standards, is reported within the Appendix. Briefly, task
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development entailed: 1) selecting items that, based on the neurolinguistic literature, were likely

to be relatively sensitive in detecting language deficits; 2) conducting feasibility studies in Nls

that allowed selecting appropriate items based on psycholinguistic predictors of interest.

The TLS is structured into the following 9 tasks:

Connected Speech (CS): this task — adapted from Wilson et al. (2010), Arcara &
Bambini (2016) and Catricala et al. (2017) — allows collecting speech samples within
a semi-structured, ecological interview. It is sub-divided into 2 sub-tasks (CSa; CSh)
according to how speech productions is elicited, since different elicitation modalities
allow exploring to different extents language components engaged in connected
speech [Boschi et al., 2017]. The CSa requires the examinee to describe her/his
morning routine (narrative elicitation) within 40 seconds; the CSb requires to
verbalize how to brush one’s teeth (procedural elicitation) within 20 seconds, and is a
mere oral version of the written description task from the SAND itself [Catricala et
al., 2017]. CS performance (CSa+CSb) is scored on two levels: base and advanced
(optional) — pursuantly to Catricala et al. (2017): the base CS scoring allows for a
qualitative report of deficits within the phonological, lexico-semantic and morpho-
syntactic components, as well as of features regarding articulatory deficits, speech
fluency, communicative failures of a dysexecutive/inattentive aetiology [Gilardone &
Monti, 2019]. According to Catricala et al. (2017), Information Units (1U; i.e., the
most relevant meaning-conveying elements) are also noted (range: 0-11). The
advanced, optional scoring system encompasses a report of features suggestive of
dysarthria and apraxia of speech [Strand et al., 2014] and allows a quantitative
analysis of phonological, lexico-semantic and morpho-syntactic deficits [Gilardone &
Monti, 2019; Wilson et al., 2010];

Spelling: this task — adapted from Luzzatti et al. (1994) — allows assessing the
phonological component within the productive modality by requiring to spell out a list

of 10 words. Stimuli are 1) either regular words with no one-to-one phonological-
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orthographic correspondence or 2) irregular words. Such stimulus types are indeed
moderately sensitive in detecting phonological deficits [Laiacona et al., 2009].
Semantic Association (SA): this task — adapted from Luzzatti et al. (2020) — allows
assessing the receptive, semantic component by requiring the examinee to choose
which word among two (a target and a distractor) is more semantically related to a
probe word (e.g. “Is dog most commonly associated with cat or pear?”). According
to Luzzatti et al. (2020), triplets (N=6) belong to three categories based on the type of
the semantic association, which can be selectively impaired [Capitani et al. ,2003]:
categorical (i.e., words relating to the same concept), functional (i.e., word referring
to the same action), and encyclopaedic/visual-encyclopaedic (i.e., associations
inferred from both spatial/context proximity of objects and knowledge acquired in
educational settings);

Naming to Description of Nouns (NtD-N) and Verbs (NtD-V): these tasks — adapted
from Crepaldi et al. (2006) and Aiello et al. (2022j) and developed according to
Catricala et al. (2013) — assess both productive and receptive lexical-semantic
components by requiring the examinee to name a target object/action (6 items for both
-N and -V) of which a verbal description is delivered (e.g., NtD-N: “Something which
grows in the vegetable garden and is used for sauce, has seeds and is red. What is
it?”; NtD-V: “The action that people do with their mouths on candles on their
birthday”). NtD-N and -V items fit different classes (living vs. non-living and
transitive vs. intransitive, respectively) in the view of detecting category-specific
deficits [Aiello et al., 2022j];

Comprehension and Memory Load (CML): this task allows assessing lexical-semantic
and morpho-syntactic components within the receptive modality by requiring the
examinee to perform six separate commands of progressive syntactic complexity in a
fashion similar to the renowned Token Test [De Renzi & Faglioni, 1978]. Required

actions entail both motor and verbal responses audible by the examiner. Complexity
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parameters are (1) syntactic structure (coordination vs. subordination links - e.g. “tap
once on the table and tell what the color of snow is” vs. “if the dog is an animal, say
the day that comes before Friday”, respectively) and (2) length (i.e., two- vs. three-
step commands). The CML ranges 0-15, as command components can be failed either
separately or in clusters. For instance, to the item “tap once on the table and tell what
the colour of snow is” (range: 0-3), the examinee might perform both actions correctly
(2 points assigned), yet in the wrong order (1 error);

Repetition of Words (RoW), Non-Words (RONW) and Sentences (RoS): these tasks
— adapted from Catricala et al. (2017) — allow assessing the phonological component
within both receptive and productive modalities by requiring the examinee to repeat,
one at the time, words (N=6), non-words (N=5; i.e., phonologically legal strings with
no meaning) and sentences (N=3). Including words and non-words in repetition tasks
is relevant to assess the integrity of both lexical-semantic and phonological routes,
respectively involved in processing words with and without semantic representations

within the mental lexicon [Rapcsak & Beeson, 2015].

The TLS total raw score is equal to the sum of 1U (from CS), Spelling, SA, NtD-N, NtD-V,

CML, RoW, RoNW and RosS tasks. A total weighted score has been also computed, according to

Arcara & Bambini (2016) and Mondini et al. (2022), by transforming the raw scores of each task

in proportions, with respect to the maximum obtainable, and then averaging these proportions

(ranging from 0 to 100). In such a way, each task contributes equally to the total score.

Furthermore, within the TLS, a BDS task was administered, although its outcomes are not

included in the TLS total score. Importantly, this task — adapted from Monaco et al. (2013) —

allows taking into account verbal short-term/working memory deficits that may influence

language performances [Cowan et al., 1996]. As for the ALS-CBS-PhV [Aiello et al., 2022I],

both BDS-WM and BDS-T outcomes were addressed, in accordance with Pasotti et al. (2022)

(Sect. 3.4.2.2).
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Other measures. For construct validity testing, the following tests were also administered
over the telephone to a sub-sample of Nls: 1) the t-VFB, including phonemic, semantic and
alternate (i.e, phonemic/semantic) verbal fluency tasks (t-PVF, t-SVF and t-AVF, respectively;
N=266) [Aiello et al., 20220]; 2) the Itel-MMSE (N=254) [Metitieri et al.,2001].

To test the convergence of the TLS with in-person language measures, N=79 NIs also
underwent in-person language tasks derived from standardized tests/batteries that mimicked each
section of the TLS (i.e., the In-Person Composite Language Index, IPCLI), namely the spelling
task from the ECAS [Poletti et al., 2016; Siciliano et al., 2017], the noun- and verb-naming tasks
from the Esame NeuroPsicologico per 1’Afasia [Capasso & Miceli, 2001] and the semantic
association, repetition of words, non-words and sentences, sentence comprehension and
connected speech tasks from the SAND [Catricala et al., 2017]. Table 5 shows the

correspondence between TLS and IPCLI tasks. The IPCLI equals to the sum of such tasks.

Table 5. In-person convergent language measures.

TLS (range) In-person language measures (range)
Spelling (0-10) Spelling - ECAS (0-12)
Semantic Association (0-6) Semantic association - SAND (0-4)
Naming to Description of Nouns (0-6) Noun-naming - ENPA (0-10)
Naming to Description of Verbs (0-6) Verb-naming - ENPA (0-10)
Repetition of Words (0-6) Repetition of words - SAND (0-6)
Repetition of Non-Words (0-5) Repetition of non-words - SAND (0-4)
Repetition of Sentences (0-3) Repetition of sentences - SAND (0-6)
Comprehension and Memory Load (0-15) Comprehension of sentences - SAND (0-8)
Informative Units (0-5) Informative units - SAND (0-8)

Notes. TLS=Telephone Language Screener; ECAS=Edinburgh Cognitive and Behavioural ALS Screen; SAND=Screening
for Aphasia in NeuroDegeneration, ENPA=Esame NeuroPsicologico per 1’Afasia.

Finally, to the aim of construct validity and diagnostic accuracy testing in patients, the TICS-

L [Aiello et al., 2022m; 20220] was administered.

4.2.2.3 Procedures

All participants underwent the already mentioned sound-check and administration setting-

controlling protocol (Sect. 3.4.2), with such a process being carried out with the help of caregivers
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when addressed to patients, as well as of cohabitees/family member when addressed to Nls, as
previously described (Sect. 4.2.2.2)

For test-retest and inter-rater reliability testing, N=29 NIs were re-administered the TLS after
30 days from the baseline and N=26 TLS were scored online by two independent examiners
blinded to each other’s scoring, respectively.

NIs undergoing both the remote and in presence evaluations were either first tested over the
telephone and then in-person at a 48-hour distance or vice-versa, in order to rule out carry-over

effects (N=37 and N=42, respectively).

4.2.2.4 Statistical analyses

Outcome measures. Analyses herewith presented will not focus on the advanced scoring
system for the CS task, as either including qualitative elements, which are thus unsuitable for
analytical purposes, or including quantitative measures that would be rather suitable for an in-
depth examination of speech samples — which is a topic that, albeit promising [Beltrami et al.,
2018], goes beyond both the scope of the present Dissertation, which is aimed at delivering handy
information on practicable cognitive screeners. After all, as outlined within Section 4.2.2.2,
quantitative measures within the advanced CS scoring system are not included within the TLS
total score itself. Thus, the following analyses will address all TLS tasks — i.e., 1U, Spelling, SA,
NtD-N, NtD-V, CML, RoW, RoNW and RoS — on both BDS-WM and BDS-T measures and on
TLS raw and/or total weighted scores.

Psychometrics. Either Pearson’s or Spearman’s coefficient — based on data meeting or not
linear model analyses (Sect. 4.1.2.3) — were adopted to run correlational analyses between the
TLS total raw score and 1) other telephone-based measures (i.e., the Itel-MMSE, the BDS-WM/-
T, and the t-VFB), 2) the IPCLI and, within the clinical cohort, 3) the TICS-L. Such analyses
were also performed in order to test the association between each TLS task and its global score,
in order to determine which tasks contributed the most to the overall estimate of language

functioning provided by the test.
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Test-retest and inter-rater reliability were tested via ICC coefficients, whereas internal
consistency via McDonald’®. Factorial structure was explored through a PCA. Scores on each
task of the TLS were entered both into the internal reliability analysis and the PCA, whereas test-
retest and inter-rater reliability were tested on the TLS total raw score.

Based on Hobart et al.’s (2012) and Kyriazos (2018)’s recommendations, which have also
been followed by a number of previous studies from the Present Author and his colleagues [Aiello
et al., 2022n; 20220], the minimum sample size for reliability and validity analyses in NIs were
set at ~20 and ~80 observations, respectively, whereas that for the PCA, 100 observations.
Accordingly, the convergent validity analysis between the TLS and the TICS-L within the clinical
cohort was herewith addressed as preliminary — given that the number of observations fell below
the abovementioned threshold of =80.

Item-level information. A 2-PL IRT model [Baylor et al., 2011; Arifin & Yusoff, 2017] was
run via the R 4.1.0 mirt [Chalmers, 2012] in order to estimate item difficulty and discrimination
values for each TLS item — with the exception of 1) BDS ones, as being not included within the
total TLS score, and 2) IU ones, as not being properly regarded as closed-range items®. CML
items, which were not already dichotomous, were dichotomized in order to be entered to the 2-
PL model (which in fact requires measures distributing according to a Binomial distribution) by
considering raw scores above or below the 5™ percentile of the empirical distribution — this being
an expedient already adopted by Aiello et al. (20221; 2022m). According to Arifin & Yusoff
(2017), who in turn referred to Baker’s (2001) and De Ayala’s (2009) recommendations,
difficulty values ranging from -3 to +3 were addressed as typical (with values <-3 indexing an
extremely easy item and those >+3 an extremely difficult items), whereas, as to discrimination,
values ranging from .65 to 1.34 were addressed as indexing moderate discrimination, and those

>1.35 and >1.7 as indexing high and extremely high discrimination, respectively. According to

%3In fact, the selection of 1U included within the TLS was performed a posteriori, by selecting those pieces of information
which were most frequently delivered by NIs during the CSa task — as described in greater detail within the Appendix.
125



Baylor et al.’s (2011) rule-of-thumb suggestions, which are specific for language tests, 250
observations were deemed as adequate to run a 2-PL IRT model.

Norms. Norms were derived at the subtest-level through the ES method [Capitani &
Laiacona, 2017; Aiello & Depaoli, 2022].

In accordance with previous normative studies [Brugnolo et al., 2016; Tremolizzo et al.,
2020; Aiello et al., 2022h], the minimum sample size for ES-based norming was estimated,
through the R 4.1.0 package pwr [Champeley et al., 2022], and based on Rothstein et al.’s (1990)
recommendations, at 347 observations, by addressing an effect size f=.05, 1-p=.95, 0=.05 and
dfrumerator=3 (3 potential predictors, i.e. age, education and sex).

Diagnostic accuracy. Similarly to previous studies by the Present Author and his colleagues
[Aiello et al., 2022n; 20220], diagnostic accuracy was tested, by addressing total TLS both
weighted and raw scores, via ROC analyses, by comparing 1) the whole clinical group and each
clinical sub-group against the normative sample and 2), within the clinical cohort, patients with
an impaired performance on the TICS-L (i.e., ES=0) to those with an above-cut-off performance
onit (i.e., ES>1).

According to Obuchowski (2005) and thus through the web-app easyROC by Goksuluk et al.
(2016) — these being the procedures followed within a number of studies performed by the Present
Author and his colleagues [Aiello et al., 2022n; 20220] —, the minimum sample sizes for ROC
analyses comparing the normative sample to clinical groups were estimated at 30 and 6
observations, respectively, by addressing a case-control allocation ratio of 5, AUC=.8, 1-=.8 and
a=.05. By contrast, as to the ROC analysis comparing patients with a defective vs. a normal TICS-
L performance, an a priori power analysis was not performed given that an adequate estimate of
the proportion of patients expected to have a below-cut-off TICS-L could not be retrieved. This
last analysis was thus regarded as merely explorative.

Within all the abovementioned ROC analyses, pursuantly to Larner (2021d), who in turn

referred to Swets’ (1998) recommendations, an AUC value >.7 was addressed as acceptable.
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Analyses were run through SPSS 28 [IBM Corp., 2021], R 4.1.0 [R Core Team, 2022] and
jamovi 2.3.17 [the jamovi project, 2022]. The significance level was set at a=.05 and Bonferroni’s

correction was applied to multiple comparisons whenever adequate.
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4.2.3 Results

4.2.3.1 Psychometrics

Table 6 shows the stratification of the normative sample according to age, education and sex.

Demographic and telephone-based cognitive measures of the normative sample are shown in

Table 7.

Table 6. Sample stratification for age, education, and sex.

Male/female Age (years)

Education (years) 30< 31-45 46-60 61-70 71-80 =>81  Total

5< 0/0 0/0 0/1 0/8 2/10  2/23

6-8 4/1 212 10/17 5/7 04  27/39
9-12 2/0 212 3/17 34 01 15/30
13-16 29/29 9/10 26/38 8/15 6/6 2/1  80/99
>17 12/19  4/4 8/13  7/12 31 172 35/51
Total 47/49 17/18 47/86 26/45 17/26 5/18 159/242

Notes. Each cell reports the number of male/female normotypical individuals for a given age and education class.

Table 7. Demographic and telephone-based cognitive data of the normative sample.

N 401
Age (years) 51.98+18.74 (18-96)
Sex (male/female) 159/242
Education (years) 12.91+4.04 (4-25)
North Italy 78%
Italian regions (%) Center Italy 7.7%
South ltaly 14.3%
Predominantly manual 25.7%
Occupation (%) Manual/clerical 26.3%
Predominantly clerical 48%

Itel-MMSE (N=254)

Telephone-based Verbal Fluency Battery
Phonemic verbal fluency (N=266)
Semantic verbal fluency (N=266)
Alternate verbal fluency (N=266)

TLS
Total raw score
Total weighted score
Backward Digit Span-Total
Backward Digit Span-Working Memory
Spelling
Semantic Association
Naming to Description of Nouns
Naming to Description of Verbs
Repetition of Words
Repetition of Non-Words
Repetition of Sentences
Comprehension and Memory Load
Informative Units

21.58+.82 (17-22)

43.37+13.59 (13-85)
56.06+13.34 (3-83)
42.88+.13.61 (4-74)

61.01+5.06 (34-68)
90.46+7.27 (60.27-100)
4.79+2.04 (0-8)
4.68+1.33 (0-6)
8.92+1.57 (0-10)
5.91+.32 (4-6)
5.44+.87 (1-6)
5.45+.85 (2-6)
5.86+.38 (4-6)
4.32+.93 (0-5)
2.72+.54 (1-3)
14.1+1.85 (1-15)
8.3+.1.82 (2-11)

Notes. Itel-MMSE-=lItalian telephone-based Mini-Mental State Examination; TLS=Telephone Language Screener.
Categorical variables are shown as frequencies/percentages, whereas continuous ones as M+SD (range).
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Ceiling effects in the TLS total weighted score, as defined by a performances >95™ percentile,
was detected in 5.2% of the sample. Acceptability rate in NIs was 100% (no missing values).

The TLS was underpinned by a mono-component structure (30.7% of variance explained,;
loading range=.51-7); however, RoW and IU tasks did not significantly load on such a latent
variable (r<.3).

The TLS yielded adequate internal consistency (McDonald’®=.69) and high both inter-rater
(ICC=.99) and test-retest reliability (ICC=.83).

As shown in Table 8, at oadjusteas=-008, the TLS total raw score was moderately associated
with the Itel-MMSE and both the BDS-T and -WM measures, as well as with all the considered
measures from the t-VFB — although, in this last respect, the strongest association were detected

with t-AVF scores.

Table 8. Spearman’s correlation coefficients between the TLS and other telephone-based cognitive measures

IteMMSE  t-PVF t-SVF t-AVF BDS-T BDS-WM

TLS total raw score  1(254)=.37*  1,(266)=.28%  ry(266)=.33%  ry(266)=41* r,(401)=.32* r(401)=.31*

Notes. *=significant at dadjustea=-008. TLS=Telephone Language Screener; ltel-MMSE=ltalian telephone-based Mini-Mental
State Examination; t-PVF=telephone-based phonemic verbal fluency; t-SVF=telephone-based semantic verbal fluency; t-
AVF=telephone-based alternate verbal fluency; BDS-T=Backward Digit Span-Total; BDS-WM=Backward Digit Span-

Working Memory. Round squares include the degree of freedoms.

Moreover, as shown in Table 9, all TLS tasks were related, at oadjustea=.006, to both the raw
and weighted TLS total score — with Spelling, NtD-N, NtD-V and CML tasks being the ones
yielding the strongest associations. Moreover, TLS total raw scores were significant associated

with the IPCLI (rs(79)=.36; p=.003).

Table 9. Spearman’s correlation coefficients between the total score on the TLS and its tasks.

Spelling SA NtD-N NtD-N Row RoNW  RoS CML U

TLS total raw score rs=.57" rs=.31" rs=.54" rs=.56" rs=.19" rs=.45" rs=.42" rs=.61" rs=.48"

Notes. *=significant at oagjustea=-006. TLS=Telephone Language Screener; SA=Semantic Association; NtD-N=Naming to
Description of Nouns; NtD-V=Naming to Description of Verbs; RoW=Repetition of Words; RoONW=Repetition of Non-
Words; RoS=Repetition of Sentences; CML=Comprehension and Memory Load; IU=Informative Units.
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Consistently, within the whole patient group, the TICS-L was associated with the TLS total

raw score (rs(36)=.4; p=.016).

4.2.3.2 Norms

RoW and IU were not predicted by either age, education or sex. Age negatively predicted the

vast majority of measures (ps<.05), at times concurrently with education (ps<.05), which instead

was a positive predictor. No sex differences emerged as to all TLS measures (ps>.06).

Adjustment equations for TLS raw measures are shown in Table 10, whereas TLs and ES

thresholds in Table 11.

Table 10. Adjustment equations for TLS raw measures.

Measures

Adjustment equations

TLS measures

TLS Total weighted score
Spelling
Semantic Association
Naming to Description of Nouns
Naming to Description of Verbs
Comprehension and Memory Load
Repetition of Non-Words
Repetition of Sentences

Backward Digit Span
Total
Working Memory

AS = RS +.000013*[(age”"3)-193861.925187]+68.15767*[(1/education)-.088601]
AS = RS +.000002*[(age”3)-193861.925187]+16.87359*[(1/education)-.088601]
AS = RS + .0000003*[(age”3)-193861.925187]+1.331107*[(1/education)-.088601]
AS = RS +.000001*[(age”3)-193861.925187]+4.482283*[(1/education)-.088601]
AS = RS - .508249*[log10(100-age)-1.64254]-1.54369*[logio(education)-1.085105]
AS = RS + .000003*[(age”3)-193861.925187]+16.10436*[(1/education)-.088601]
AS = RS + .000002*[(age”3)-193861.925187]

AS = RS +.000001*[(age”"3)-193861.925187]+2.930654*[(1/education)-.088601]

AS = RS +.000002*[(age”3)-193861.925187]+16.46647*[(1/education)-.088601]
AS = RS +.000001*[(age”3)-193861.925187]+10.25621*[(1/education)-.088601]

Notes. TLS=Telephone Language Screener; AS=adjusted score; RS=raw score.
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Table 11. Tolerance limits and Equivalent Scores for TLS adjusted measures

Measures

Equivalent Scores

TLS measures

TLS Total weighted score
Informative Units
Spelling
Semantic Association
Naming to Description of Nouns
Naming to Description of Verbs
Comprehension and Memory Load
Repetition of Words
Repetition of Non-Words
Repetition of Sentences

Backward Digit Span
Total
Working Memory

oTL
78.07
3
5.58
5.01
3.60
3.57
10.43
4
2.24
1.41

1.20
1.59

iTL

81.41

6
6.85
5.23
414
3.93

12

6
2.77
1.80

191
2.90

0 1 2 3
<78.07 78.08-82.57 82.58-87.43 87.44-91.21

<3 4-7 8 9-10
<5.58 5.59-7.37 7.38-8.45 8.46-9.19
<5.01 5.02-5.90 5.91-5.92 5.93-5.98
<3.60 3.61-4.67 4.68-5.02 5.03-5.73

<3.57 3.58-4.27 4.28-5.13 5.14-5.72
<10.43 10.44-12.72 12.73-13.93 13.94-14.31

<4 - - ;
<2.24 2.25-3.16  3.17-3.84  3.85-4.64
<1.41 1.42-1.96  1.97-2.73  2.74-2.86
<1.20 1.21-250  2.51-353  3.54-4.78
<1.59 1.60-3.49  3.50-4.00  4.01-4.81

4
>901.22
11
>9.2
>5.99
>5.74
>5.73
>14.32
>4.65
>2.87

>4.79
>4.82

Notes. TLS=Telephone Language Screener; AS=adjusted score; RS=raw score; oTL=outer tolerance limit; iTL=inner

4.2.3.3 Item-level information

tolerance limit.

As shown in Table 12, the majority of TLS items fell within a typical difficulty range, albeit

towards easiness, with only a limited number of them being classified as extremely easy. Overall,

the Spelling task proved to be the one with the highest difficulty values. As to discrimination, the

vast majority of TLS items proved to come with a moderate discriminative values, with some of

those included within Spelling, SA, NtD-N, NtD-V, RoW and CML yielding high-to-extremely-

high discrimination.
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Table 12. Item difficulty and discrimination values as yielded by the 2-PL IRT model in Nls.

Item Difficulty  Discrimination
Spelling 1 -2.09 1.77°
Spelling 2 -1.88 2.11°
Spelling 3 -1.55 2.68°
Spelling 4 -1.78 1.97¢
Spelling 5 -2.37 .60
Spelling 6 -2.03 1.424
Spelling 7 -1.37 97
Spelling 8 -2.27 1.614
Spelling 9 -2.21 1.85°
Spelling 10 -2.82 1.10
Semantic Association 1 -2.85 1.97°
Semantic Association 2 n.a. -.08
Semantic Association 3 -3.68" 1.654
Semantic Association 4 -4.02" 1.34
Semantic Association 5 -3.71" 1514
Semantic Association 6 -2.62 1.604
Naming to Description of Nouns 1 -2.35 1.26
Naming to Description of Nouns 2 -2.99 .89
Naming to Description of Nouns 3 -2.26 .98
Naming to Description of Nouns 4 -2.46 1514
Naming to Description of Nouns 5 -8.76" 31
Naming to Description of Nouns 6 -1.93 1.15
Naming to Description of Verbs 1 -2.30 1.19
Naming to Description of Verbs 2 -2.70 1.19
Naming to Description of Verbs 3 -3.41" .87
Naming to Description of Verbs 4 -6.17" 12
Naming to Description of Verbs 5 -2.06 1.394
Naming to Description of Verbs 6 -1.47 1.14
Repetition of Words 1 -3.59" 1.72°
Repetition of Words 2 n.a. .28
Repetition of Words 3 -2.78 4.49°
Repetition of Words 4 -5.59" .95
Repetition of Words 5 -n.a. .07
Repetition of Words 6 -8.98" .35
Repetition of Non-Words 1 -2.58 AN
Repetition of Non-Words 2 -5.37" 42
Repetition of Non-Words 3 -1.80 .86
Repetition of Non-Words 4 -2.15 .96
Repetition of Non-Words 5 -7.78" .33
Repetition of Sentences 1 -5.97" .82
Repetition of Sentences 2 -1.50 1.26
Repetition of Sentences 3 -2.33 1.27
Comprehension and Memory Load 1 -2.72 1.504
Comprehension and Memory Load 2 -3.51" 1.394
Comprehension and Memory Load 3 -4.23" 1.03
Comprehension and Memory Load 4 -2.40 3.69°
Comprehension and Memory Load 5 -3.45" 1.15
Comprehension and Memory Load 6 -3.14" 1.24

Notes. "extremely easy item; 4high discrimination; *extremely high discrimination. n.a.=not applicable (the model yielded
inadequate estimates). TLS=Telephone Language Screener; 2-PL=two-parameter logistic; IRT=Item Response Theory;
NIs=normotypical individuals.
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4.2.3.4 Diagnostic accuracy

Table 13 shows patients’ background and cognitive data, whereas Table 14 the results from
ROC analyses. Overall, both the raw and weighted total scores on the TLS were moderately-to-
highly accurate in discriminating both the whole clinical group and each clinical sub-group from
the normative sample (AUC range=.74-.83) — with AUC values being also similar across the
different clinical sub-groups. Moreover, in identifying those individuals with a defective
performance on the TICS-L (i.e, an ES=0; N=4), both total scores performed almost perfectly

(AUC=.92 for both the raw and weighted score).

Table 13. Patients” demographic, clinical, and cognitive data.

Total SVD NDD Left stroke
N 37 13 10 14
Sex (male/female) 18/19 4/9 7/3 717

Age (years) 73.2+12.84 (38-92)  80.31%7.4 (62-91)  77.7+4.42 (70-82)  63.29+14.85 (38-92)
Education (years) 13.76+4.37 (3-18)  11.54+5.08(3-18) 15.4+3.63 (8-18) 14.64+3.48 (8-18)
MMSE (N=34) 27.75+2.61 (20-30)  27.75+2.53(22-30)  26.88+3.23 (20-30) 28.63+2 (25-30)
TICS (N=33)
Total 31.44+5.28 (17-41)  29.77+5(21-38)  31.11#5.92 (17-38)  33.21+4.9 (21-42)
TICS-L 7.39+.93 (4-8) 7.46+.78 (6-8) 7.33+1.32 (4-8) 7.36+.84 (6-8)
TLS

Total raw score
Total weighted score
BDS-T

52.49+9.99 (28-64)
78.8+14.57 (38-97)
3.65+2.47 (0-8)

53.08+9.91(35-64)
80.79+13.74 (54-95)
3+3.13 (0-8)

50.7+12.08 (28-63)
75.77+17.92 (38-94)
3.7+2.06 (1-6)

53.21+9.01 (38-64)
79.12+9.01 (55-97)
4.2142.04 (1-7)

BDS-WM 4.19+1.33 (2-6) 3.69+1.6 (2-6) 4.2+1.03 (3-6) 4.64+1.15 (3-6)
Spelling 6.97+3.44 (0-10) 6.69+3.5 (0-10) 6.3+3.53 (0-10) 7.71+3.43 (0-10)
SA 5.81+.4 (5-6) 5.69+.48 (5-6) 5.8+.42 (5-6) 5.93+.27 (5-6)
NtD-N 4.51+1.48 (0-6) 4.54+1.39 (2-6) 3.8+1.87 (0-6) 5+1.11 (3-6)
NtD-V 4.57+1.41 (0-6) 4.69+1.11 (3-6) 4.5+1.43 (2-6) 4.5+1.7 (0-6)
RoW 5.68+.53 (4-6) 5.69+.48 (5-6) 5.5+.71 (4-6) 5.79+.43 (5-6)
RoNW 3.38+1.42 (0-5) 3.92+1.19 (1-5) 3.3+1.42 (0-5) 2.93+1.54 (0-5)
RoS 2.27+.9 (0-3) 2.54+.78 (1-3) 2.1+.99 (0-3) 2.14+.95 (0-3)
CML 12.11#3.13 (3-15)  12.08+2.66 (7-15) 11.8+3.88 (3-15) 12.36+3.18 (4-15)
U 7194238 (3-11)  7.23+2.45 (3-11) 7.642.27 (4-11) 6.86+2.51 (3-11)

Notes. SVD=small vessel disease; NDD= neurodegenerative conditions; MMSE=Mini-Mental State Examination;

TICS=Telephone Interview for Cognitive Status; TICS-L=Telephone Interview for Cognitive Status-Language; BDS-
T=Backwards Digit Span-total number of sequences correctly reported; BDS-WM=Backwards Digit Span-longest sequence
recalled; SA=Semantic Association; NtD-N=Naming to Description of Nouns; NtD-V= Naming to Description of Verbs;
RoW=Repetition of Words; RoONW=Repetition of Non-Words; RoS=Repetition of Sentences; CML=Comprehension and
Memory Load; IlU=Information Units. Categorical variables are shown as frequencies, whereas continuous ones as M+SD

(range).
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Table 14. ROC analyses for each clinical group against the normative sample.

TLS AUC SE Cl195%

Total Total raw score .79 04 [.72,.87]
Total weighted score a7 .04 [.7, .85]

SVD Total raw score a7 .06 [.65,.90]

(N=13) Total weighted score 74 .06 [.61, .87]

NDD Total raw score .83 .06 [.72,.95]

(N=10) Total weighted score .82 .07 [.69, .94]

Left stroke Total raw score .78 .06  [.66,.90]

(N=14) Total weighted score .77 07  [.64,.91]
TICS-L ES=0 Total raw score .92 .05 [.83,1]
(N=4) Total weighted score .92 .05 [.83,1]

Notes. ROC=receiver-operating characteristics; TLS= Telephone Language Screener; AUC=Area under the curve;

SE=Standard Error; Cl=Confidence Interval; N=number of participants; SVD=small vessel disease;
NDD=neurodegenerative disorders; ES=Equivalent Score; TICS= Telephone Interview for Cognitive Status.

4.2.4 Discussion

The study presented within this Section provides, for the first time, a fully standardized TBCS
test for language disorders for the Italian population, i.e. the TLS, along with preliminary
evidence about its diagnostic accuracy in patients with neurodegenerative and cerebrovascular
diseases.

The TLS adds up to and complement the currently available range of TBCS tests, developed
and standardized for the Italian population by the Present Author and his colleagues (Sect.
3.4.2.4). Moreover, to the best of the Present Author’s knowledge, a study on the anew-
development and full standardization of a TBCS test for language impairment is unprecedented
within the international literature: indeed, De Witte et al.’s (2019) report, albeit promising, does
not feature itself as such (Sect. 4.3.1). The procedures herewith described will thus hopefully
stand as a virtuous paradigm for future research on this topic, as well as for adaptations of the
TLS to other languages/cultures.

Beyond the advantages inherent to its administration modality (Sect. 2.4.2), the development
and standardization of the TLS somehow address also the recent call for appropriate language
measures that could represent adequate clinical endpoints for primary, chronic aphasic syndromes
[Matias-Guiu & Grasso, 2022].

The Present Author and his colleagues developed the TLS according to rigorous procedures

based on the psycholinguistic and neurolinguistic literature (Sect. 4.2.2.2 & App.), by taking into
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account all relevant confounders known to influence language performances in both normotypical
and brain-damaged individuals — having been originally inspired, in doing so, by the SAND
[Catricala et al., 2017]. Relatedly, and in a way similarly to the scopes to which the SAND was
developed [Catricala et al., 2017], the TLS should be intended as a language screener to be
applied for case-findings aims whenever deemed as appropriate — i.e., beyond primary language
disorders/aphasic syndrome®*. Otherwise said, the TLS is disease-nonspecific — also in the light
of the fact that, as previously outlined (Sect. 4.3.1), language deficits might occur in several brain
disorders.

In fact, within a neurolinguistic framework, the TLS is intended to allow for the detection of
both overall language impairment and selective deficits within the phonological, lexical-semantic
and morpho-syntactic components, as well as in connected speech [Boschi et al., 2017; Catricala
et al., 2017; Patel et al., 2022]. In this last respect, the inclusion of tasks assessing connected
speech within the TLS is of major relevance, given the promising role of speech sample analyses
for the early detection of cognitive deficits in a variety of brain disorders [Boschi et al., 2017,
Beltrami et al., 2018; Filiou et al., 2020]. However, for the reasons previously outlined (4.2.2.4),
data presented within this Section did not relate to in-depth speech measures (i.e., the advanced
CS scoring system) beyond 1Us — this being, however, a field that should be explored by future
studies, possibly by finding a handy way to integrate such complex computations within the
routine clinical and research practice [Beltrami et al.,2018].

Moreover, the inclusion of normed BDS tasks [Monaco et al., 2013; Pasotti et al. 2022;
Aiello et al., 2022l] allows for qualitatively determining whether phonological working
memory/auditory-verbal short-term memory deficits impact on TLS scores [Cowan et al., 1996].

Additionally, specific sections have been developed within the TLS (App.) to qualitatively

record relevant semeiotic elements related to motor speech disorders and overall communicative

S4After all, the SAND itself, which, as previously mentioned, constituted a relevant source of inspiration for the
development of the TLS, has been tested for its clinical usefulness beyond its “original” target, i.e. PPA [Battista et al.,
2018] — as having been applied also to PD and several other extra-pyramidal disorders, such as progressive supranuclear
palsy, corticobasal syndrome and multiple system atrophy [Battista et al., 2018; Catricala et al., 2019; Picillo et al., 2019;
Cuoco et al., 2021; Del Prete et al., 2021], as well as in AD [Mazzeo et al., 2022].
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failures [Wilson et al., 2010; Strand et al., 2014; Catricala et al., 2017]. In this respect, the TLS,
at least to an extent, allow for integrating quantitative and qualitative information within the
interpretation of its results (Sect. 2.3.4.7). Finally, its total score has been computed by weighting
each task, thus providing an estimate of global language functioning regardless of the length in
items of each task [Arcara & Bambini, 2016; Mondini et al., 2022]. Notably, such a weighted
score did not show relevant ceiling effects.

The TLS proved to be 1) be convergently available against telephone-based measures of
global cognition (i.e., the Itel-MMSE), language/EF (i.e., the t-VFB) and phonological working
memory/auditory-verbal short-term memory (i.e., the telephone-based BDS-T/-WM), 2) reliable
at internal, test-retest and inter-rater levels, as well as to 3) converge with in-person language
measures (i.e., the IPCLI in Nls and the TICS-L in the clinical cohort). Remarkably, IRT-based,
item-level information for the test have been also herewith provided — in the view of easing the
interpretation of its results (Sect. 2.3.4.6) —, showing that the TLS includes items that overall fall
under typical difficulty ranges and are sufficiently discriminative. Moreover, it comes with sound
regression-based norms at the single-task level, this allowing an adaptive usage of the test itself.

Furthermore, the TLS proved to be featured by a moderately high case-control discriminative
power with regard to cerebrovascular and neurodegenerative disorders, as well as by a high
capability of identifying an overall language impairment, herewith operationalized by means of
an independent, TBCS measure, i.e. the TICS-L — which is currently the only one available to
specifically asses [Aiello et al., 2022m; 2022u].

The above being said, a number of critical issues of course have to be highlighted with regard
to the present study. At a clinimetric level, a first aspect that needs to be addressed relates to the
fact that the TLS showed acceptable, albeit mild, internal consistency. However, as previously
argued (Sect. 2.3.1.2), this was hardly unexpected — due to the fact that the target construct, i.e.
language, is inherently multi-faceted.

Secondly, in Nls, the TLS proved to converge not only with measures heavily relying on

language (i.e., the t-SVF), but also with domain-nonspecific ones (i.e., the Itel-MMSE) and other,
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spurious measures of both language and EF (i.e., the t-PVF and the t-AVF) and working/short-
term memory (i.e., telephone-based BDS-T/-WM). Albeit such findings appear to undermine the
divergent validity of the TLS — which, in fact, did not yield within the present investigation and
should more properly addressed in future ones —, they are hardly unsurprising, given that overall
cognitive efficiency, EF and working/short-term memory do contribute to language abilities in
both Nls and brain-damaged individuals [Caplan & Waters, 1990; Baddeley et al., 2003; Martin
& Allen, 2008; Wong et al., 2019]. Otherwise said, at least based on the results herewith provided,
the aspecific convergences found between the TLS and other cognitive measures might reflect
the multi-faceted nature of language as a construct, and, more specifically, of its extra-linguistic
underpinnings [Caplan & Waters, 1990; Baddeley et al., 2003; Martin & Allen, 2008; Wong et
al., 2019]. Nevertheless, it should be mentioned that such findings can to an extent be accounted
for a genuinely methodological issue — namely, the fact that no domain-specific, telephone-based
measures selectively targeting language have been administered to NIs — beyond the t-SVF,
which, as previously mentioned, despite strongly relying on language, 1) addresses only one of
its component (i.e., the lexical-semantic one) and, at the same time, 2) cannot be considered as a
“pure” language measure [Shao et al., 2014; Whiteside et al., 2016]. Future investigations are
thefore needed that focus on strengthening the construct validity of the TLS, by employing ad
hoc, telephone-based language measures which 1) minimally relies on extra-linguistic
underpinnings and 2) conver the full range of components assessed by the TLS itself (i.e.,
phonological, lexical-semantic and morpho-syntactic ones).

Thirdly, it should be noted that, although the cubic transform of age proved to significantly
predict several TLS measures, its raw regression coefficient often happened to be modest in size
— at least when compared to other normative studies [Aiello et al., 2022i]. Thus, net of the
statistical significance, feasibility studies in clinical populations are needed to determine whether
adjusting TLS measures for age is clinically meaningful — i.e., whether their diagnostics benefit

from addressing adjusted vs. raw scores.
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Moreover, the present study is of course not exhaustive of all the investigations required to
provide information on the diagnostic properties and cross-sectional/longitudinal feasibility of
the TLS. First of all, it has to be noted that a heterogeneous, unselected and small-sized clinical
cohort has been herewith addressed. Albeit this choice was motivated by the same principles that
have been previously outlined as to the study related to the clinical usability of the TICS (Sect.
4.2.4), in line with the notion that the TLS should be addressed as disease-nonspecific, it is
undoubtable that further studies are mandatory in order to test its diagnostics and cross-sectional
feasibility in clinical populations whose language impairment, regardless of the aetiology (Sect.
4.3.1), is confirmed by either a clinical diagnosis or via first-/second-level, gold-standard
language batteries — such as the SAND [Catricala et al., 2017] or the Aachen Aphasia Test
[Luzzatti et al., 2022], respectively. Indeed, within the present study, only preliminary evidence
on the diagnostic accuracy of the TLS was provided — by, moreover, only addressing the TICS-
L as a comparator.

Furthermore, no evidence has been herewith provided on the longitudinal feasibility of the
TLS: future investigations are needed to examine such properties, given that language impairment
features itself as a chronic condition in several brain disorders (i.e., post-stroke aphasia and PPA)
[Abutalebi & Cappa, 2008]. In this respect, it would be advisable that parallel forms of the TLS
be also developed.

Additionally, future investigations might focus on testing the feasibility and standardizing
the TLS as an in-person screener: indeed, as previously stated (Sect. 2.4.3), TBCS tests could be
useful for assessing examinees with upper-limb impairments and vision deficits, given their
motor-free nature and unreliance on visual stimuli/responses [Ferrucci et al., 1998]. With specific
regard to the TLS, such advantages might especially come in handy to screen for language
disorders in those conditions frequently affecting sensory-motor systems — e.g., hemianopia or

hemiplegia following cerebrovascular accidents or brain neoplasms.
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5. General discussion and future perspectives

5.1 A synoptic glance at the present Dissertation

Within the present Dissertation, three main scopes have been pursued: 1) delivering an
organic, comprehensive framework for the statistical study of performance-based cognitive
screeners — with a focus being also dedicated to TBCS tests (Sect. 1 & 2); 2) providing and up-
to-date glance at the Italian status quo on both in-person and telephone-based cognitive screeners
— by paying particular attention to the contribution that the Present Author and his colleagues
have recently made to this field (Sect. 3); 3) reporting in full 2 unpublished studies by the Present
Author and his colleagues on the topic of TBCS tests (Sect. 4).

Sections 1 and 2 will hopefully serve as an overall guide to Italian clinical researchers
devoted to the development, standardization and feasibility studies of performance-based
cognitive screeners. Moreover, these Sections are also intended to provide Italian practitioners
with the basics of applied statistics that need to be borne in mind when employing cognitive
screeners in routine clinical practice — with the ultimate goal of promoting critical thinking in
their usage. Regardless of the specific target(s), such a guide is meant to be practical — as
highlighting the pivotal role that cognitive screeners (whether they are in-person or telephone-
based) have within both clinical practice and research.

Within Section 3, the Present Author delivered a synopsis on the current Italian scenario as
far as both in-person and telephone-based cognitive screeners are concerned. More specifically,
this Section enclosed the following clusters of information: 1) an update of the previously
published systematic review by Aiello et al. (2022a) and Zanin et al. (2022); 2) a description of
the clinimetric, normative and feasibility studies that the Present Author and his colleagues
performed with regard to the MoCA, the FAB and the ECAS; 3) a description of the anew-
development/adaptation and standardization of 3 TBCS test — namely, the TICS, the t-FAB and
the ALS-CBS-PhV.
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Finally, within Section 4, unpublished studies by the Present Author and his colleagues were
reported in full — the first, focused on delivering preliminary evidence supportive of the clinical
use of the TICS, and the second presenting the standardization of the TLS.

However, taking all of the above together, it is arguable that the highlight of the present
Dissertation lie in the fact that it summarizes a research line, and thus the underlying, large
amount of work put in by the Present Author and his colleagues during the last years, which was
mostly unprecedented in Italy — i.e., that on TBCS tests. Indeed, as repeatedly mentioned
throughout the Dissertation itself (Sect. 3), the Present Author and his colleagues have delivered,
for the first time in Italy, a set of fully-standardized TBCS tests — which will hopefully aid both

clinical practice and research as addressed to brain disorders in this Country.
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5.2 Next-future perspectives

By specifically referring to those in-person and telephone-based screeners that have been
addressed through the studies herewith reported (Sect. 3 & 4), it is worth to herewith summarize,
based on the previous, ad interim conclusive Sections (Sect. 3.4.1.4, 3.4.2.4, 4.1.4, 4.2.4), the
next aims that, in the opinion of the Present Author, should be pursued in the near feature — as
being those with the highest degree of practical implications towards Italian practitioners and

researchers. Table 15 reports them in a succinct fashion.

Table 15. Next-future perspective that should be pursued in Italy with regard to the in-person and telephone-based
screeners experimentally addressed within the present Dissertation.

Test Desirable topics of study in Italy

MoCA 1) Responsiveness and RCIs in CVD/NDD
2) Longitudinal feasibility of Siciliano et al.’s (2019a) parallel forms in CVD/NDD
3) Predictive/concurrent validity towards functional/interventional outcomes in NIs aged >65 y. and CVD/NDD
4) Feasibility for population-screening aims in population-based samples of NIs in NIs aged >65 y
5) Convergence with extensive second-level cognitive batteries in both NIs and brain disorders

FAB 1) In-depth diagnostics in acute/chronic, frontal network-damaged patients
2) Longitudinal feasibility in acute/chronic, frontal network-damaged patients
3) Predictive/concurrent validity towards functional/interventional outcomes in Nls aged >65 y. and CVD/NDD

ECAS 1) Sensitivity to severity within the ALS-FTD spectrum
2) Clinimetrics, norms and feasibility in brain disorders with motor dysfunctions beyond ALS, PD and HD

TICS 1) Psychometrics and in-depth diagnostics in CVD/NDD
2) Convergence with extensive second-level cognitive batteries in both NIs and brain disorders
3) Longitudinal feasibility in CVD/NDD
4) Feasibility for population-screening aims in population-based samples of NIs aged >65 y
5) Conversion norms with the MMSE in Nis

t-FAB 1) Psychometrics and in-depth diagnostics in frontal network-damaged patients
2) Convergence with in-person, second-level measures of executive functioning in NIs and frontal network-damaged patients
3) Predictive/concurrent validity towards functional/interventional outcomes in Nls aged >65 y. and CVD/NDD
4) Conversion norms with the FAB in NIs

ALS-CBS-PhV 1) Psychometrics and diagnostics within the ALS-FTD spectrum
2) Equivalence with the ALS-CBS in ALS
3) Convergence with the ECAS in ALS
4) Longitudinal feasibility within the ALS-FTD spectrum

TLS 1) Psychometrics and in-depth diagnostics in language disorders
2) Convergence with the SAND and in-person, second-level language batteries in NIs and language disorders
3) Longitudinal feasibility in language disorders
4) Predictive/concurrent validity towards functional/interventional outcomes in language disorders
5) Clinimetrics and norms of the advanced scoring system for the Connected Speech task

Notes. MoCA=Montreal Cognitive Assessment; FAB=Frontal Assessment Battery; ECAS=Edinburgh Cognitive and Behavioural ALS
Screen; TICS=Telephone Interview for Cognitive Status; t-FAB=telephone-based FAB; ALS-CBS-PhVV=ALS Cognitive Behavioral
Screen-Phone Version; TLS=Telephone Language Screener; RCl=reliable change index; CVD=most prevalent/incident cerebrovascular
disorders; NDD=most prevalent/incident neurodegenerative disorders; NIs=normotypical individuals; y.=years; ALS=amyotrophic lateral
sclerosis; FTD=frontotemporal degeneration, PD=Parkinson’s disease, HD=Huntington’s disease; MMSE=Mini-Mental State
Examination; SAND=Screening for Aphasia in Neurodegeneration.
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5.3 Open issues and critical considerations
Regardless of the specific test, a number of outstanding issues arguably yield form the present
Dissertation and should be addressed by future research on the topic — at least in the opinion of

the Present Author.

5.3.1 Should be quality preferred over quantity?

The finding of a large amount of cognitive screeners being currently available in Italy (Sect.
3.2), and especially the fact that several of them do not come with an adequate level of
recommendation for clinical and research use due to their statistical lacks (Sect. 3.2), raise the
legitimate question whether, in the future, researchers in the field should focus on a limited, but
in-depth examined, range of tests. After all, nationwide surveys [Limongi et al., 2019; Canevelli
et al., 2021] have also shown that only a small proportion of available screeners are actually
employed by Italian practitioners. The literature likewise appears to support such a “quality-over-
quantity” approach: for instance, the high number of clinimetric, normative or feasibility studies
published in recent years by Italian researchers on the MoCA [Conti et al., 2015; Pirrotta et al.,
2015; Santangelo et al., 2015; Bosco et al., 2017; Siciliano et al., 2019a; Aiello et al., 2022i;
2022c; 2022p] is arguably a reflection of this test being addressed as gold-standard in this Country
— in alignment with the worldwide-spread opinion on it [Cova et al., 2022].

By restricting the focus on selected cognitive screeners would indeed allow researchers to
devote a greater amount of effort towards their study, this likely resulting in Italian practitioners
(and clinical researchers as well) having at disposal a limited, albeit highly sound, range of tests.
A virtuous paradigm for such an instance is arguably represented by the continuous effort put by
Italian researchers, over the last 7 years, towards the statistical study of the cognitive section of
the ECAS: between 2016 and 2017, the ECAS was adapted to Italian, its norms derived, and
evidence on its basic clinimetrics, as well as cross-sectional feasibility in ALS patients, was

delivered [Poletti et al.,2016; Siciliano et al., 2017]; in 2018, its longitudinal feasibility has been
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tested in an ALS cohort [Poletti et al., 2018]; in 2022, a full examination of its diagnostics was
carried out against Strong et al.’s (2017) criteria [Aiello et al., 2022¢].

It thus follows that those weaknesses that have been previously identified within Aiello et
al.’s (2022a) systematic review (Sect. 3.2) might be reasonably attributed to the fact that the
whole process of development/adaptation, standardization and feasibility testing (Fig. 1) for a
given screener often requires multiple studies — with a first supposedly being comprehensive of
the basics (i.e., focusing on validity and reliability testing, norm-derivation and possibly
preliminary diagnostic accuracy evidence) and a subsequent set addressing more or less selected,
albeit pivotal, aspects (e.g., assessing test diagnostics in specific clinical populations, developing
parallel forms, delivering RCls, etc.). It is in fact not infrequent to identify, within the Italian
literature, isolated studies that, after providing norms for a given cognitive screener, are not

followed-up by any other clinimetric/feasibility investigation [Aiello et al., 20223].

5.3.2 Which clinimetric gaps should to be filled?

Focusing on psychometrics and diagnostics (Fig. 1), the overall considerations that have been
previously made (Sect. 3.2), derived from Aiello et al.’s (2022a) synopsis, still apply, in the
opinion of the Present Author, even if accounting for the large amount of works produced by the
Italian scientific community — including the Present Author and his extended network — within
the last =2 years (Sect. 3.3 & 3.4). Nevertheless, among such observations (Sect. 3.2), it is worth
stressing a number of them that, in the opinion of the Present Author, represent compelling, and
still largely unmet, needs of real-life, routine clinical/research scenarios: 1) the
concurrent/predictive validity of cognitive screeners, at least towards daily-life functional and,
when applicable, interventional outcomes, should be routinely tested; 2) an harmonized approach
to assess divergent validity should be embraced at least for those screeners that are intended to
be domain-specific — e.g., by testing whether a difference exists between the correlation
coefficient of a supposedly convergent measure and that of a supposedly divergent one, as

suggested by Westen & Rosenthal (2003); 3) parallel forms should be developed or, alternatively,
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RCls derived — in order to allow for a full exploitation of tests within the longitudinal dimension;
4) more comprehensive investigations on test diagnostics, which also rely on the promising
metrics advocated by Larner (2019), need to be delivered at least with regard to the most common
brain disorders — e.g., cerebrovascular and neurodegenerative ones [Aiello et al., 2022a]. Such
arguments of course should prioritize, by embracing the abovementioned “quality-over-quantity”
philosophy (Sect. 5.3.1), the most widespread and empirically-supported screeners — e.g., the

MoCA and the FAB.

5.3.3 How should the assessment of longitudinal feasibility be approached?

As previously outlined, studies that focus on the longitudinal feasibility of cognitive
screeners are still underrepresented within the Italian scenario (Sect. 3.2). Whilst this gap is, to
an extent, likely to be accounted for by the vast amount of resources needed for implementing
such investigations [Aiello et al., 20223], it is arguable that a role is played by the overall limited
consensus that has been reached on how the assessment of such properties should be pursued in
the view of actually meeting the needs of clinical practice and research [Heilbronner et al., 2010;
Duff, 2012; Chelune & Duff, 2019].

Indeed, as already mentioned (Sect. 2.3.1.2 & 2.3.4.5), test-retest reliability, practice effect,
responsiveness and RCIs share common analytical grounds when their assessment is due — this
possibly leading to subjectivity in the way that researchers interpret the results from the same/a
similar repeated-measure analysis® [Duff, 2012]. In order to make such a margin of discretion as
narrow as possible, it is thus advisable that researchers rely more on the a priori purposes that a
screener is intended to serve and the methodological design, rather than on analytical approaches

per se [Marx et al., 2003; Duff, 2012].

5By taking as an example the results from the longitudinal analyses on the TICS in SVD patients reported within the

present Dissertation (Sect. 4.1.3), one might indeed argue that the agreement rate between test scores at the two time-points

is suggestive of the fact that the TICS lacks responsiveness. At the same time, the absence of an a priori will to test

responsiveness, as well as the partial unpredictability of longitudinal trends in cognition featuring such a clinical population,

make the interpretation of the abovementioned results (Sect. 4.1.4) legitimate.
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A first step towards the management of such issues might lie in disentangling the assessment
of test-retest reliability from that of other clinimetrics/feasibility features addressing the
longitudinal dimension: the aim of test-retest reliability analyses should indeed be restricted to
that of ruling out that a conspicuous amount of error variance enters test scores when two,
temporally proximal administrations occur [Sherman et al., 2011]. Within this framework, retest
intervals should be narrow (e.g., <1 month) — so that the threat of sudden events affecting test
scores is minimized — [Marx et al., 2003], as well as possibly tailored to the main scope that the
test is supposed to serve (e.g., when assessing the test-retest reliability of a screener aimed at
profiling cognition in acute/post-acute stroke patients, ultra-short retest intervals should be
addressed — in order for test scores not to be affected by spontanteous recovery [Demeyere et
al.,2015]).

By contrast, retest intervals for the assessment of practice effect and responsiveness, as well
for the derivation of RCIs, should mirror as much as possible those aimed at patients’ monitoring
within clinical practice and research, and thus be — at least most of the times [Alexander et al.,
2003] — relatively wide (e.g., 6-to-12 months) [McCaffrey & Westervelt, 1995; Duff, 2012].
Nevertheless, one should note that the retest interval for practice effect assessment cannot be the
same adopted for testing responsiveness and/or deriving RCls: indeed, in the former scenario one
expects test scores not to change, whilst, in the latter, the opposite outcome is expected [Duff,
2012]. Hence, a lower, but still “lifelike”, retest interval might be addressed when the aim is to
rule out practice effects vs. to assess responsiveness/derive RCIs (e.g., 6- vs. 12-month intervals,
respectively) [Duff, 2012]. At the same time, once again, attention should be paid, when outlining
an adequate methodological design for testing practice effects and responsiveness and deriving
RCls, to the primary aims that the test is intended to serve: for instance, in rapidly progressive,
neurodegenerative conditions such as ALS, a 12-month retest interval for cognitive monitoring
might result in a substantial rate of lost patientsat follow-ups [Crockford et al., 2018; Poletti et

al., 2018].
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5.3.4 Are current norm-derivation techniques appropriate for clinical settings?

Albeit the ES method (Sect. 2.3.3.3) undoubtedly represents a gold-standard statistical
approach for norming cognitive tests in Italy, a number of recent studies appear to suggest its
pitfalls as far as the derivation of a normality threshold is concerned.

Indeed, as previously mentioned (Sect. 3.4.1.2), Salvadori et al. (2022), llardi et al. (2022b)
and Aiello et al. (2022r) have recently derived, by addressing Aiello et al.’s (2022i) adjustment
equation for the MoCA, different ROC-based cut-offs in stroke, MCI/dementia and ALS patients,
respectively, which besides being surprisingly similar among each other, in spite of different
clinical population having been addressed, are way higher — i.e., more restrictive — than that
derived within Aiello et al.’s (2022i) study itself — which referred to Nls. In addition, both
Salvadori et al. (2022) and llardi et al. (2022) clearly demonstrated that the normality thresholds
previously derived from NIs by Conti et al. (2015), Santangelo et al. (2015) and Aiello et al.
(2022i) are featured, when applied to clinical populations, by excellent Sp but poor Se. Similarly,
a recent study by Aiello et al. (2022t), which employed Appollonio et al.’s (2005) adjustment
equation for the FAB, found a ROC-based cut-off of <15.6 to be the optimal to the aim of
identifying ALS patients that performed defectively on the ECAS [Poletti et al., 2016]: again,
this threshold is more restrictive than the one having been derived from NIs by Appollonio et al.
(2005) —i.e. <13.4.

Overall, and albeit being test-specific, such findings suggest that an ES-based normality
threshold derived from NIs might yield, at least when applied to clinical populations, a
substantially high rate of false negatives: for instance, llardi et al. (2022b) found that Aiello et
al.’s (20221) oTL yielded, in identifying MCIl/dementia patients, a false-negative rate of 75% —
with the threshold marking the passage from an ES=2 to an ES=3 yielding the best diagnostics.
Although it would be beyond the aim of the present Dissertation to discuss the mathematical
bases of such a finding, it somehow appears that identifying the cut-off for a given screener based

on NIs’ lowermost performances is overly conservative — i.e., excessively favors Sp over Se.
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Thereupon, as suggested by Salvadori et al. (2022) and llardi et al. (2022b), by maintaining
the regression-based step of the ES method, and thus after deriving adjustment equations from
Nls, a ROC-based, disease-specific cut-off might be identified on adjusted scores by maximizing
Se and Sp (i.e., via the Youden’s index) — and, at the same time, by keeping this procedure non-
parametric, as originally advocated by Capitani & Laiacona (2017): in fact, ROC analyses
commonly do not make distributional assumptions [Obuchowski, 2005]. However, since such a
ROC-based approach would not per se allow to control for the inferential error in deriving the
cut-off, a non-parametric tolerance interval might be then derived for it in alignment with Capitani
& Laiacona (2017) themselves.

Starting from such a ROC-based cut-off, the original idea by Capitani & Laiacona (2017) of
identifying further thresholds for allowing a classification of performances into ordinal ability
levels might be then still pursued, possibly in accordance with the non-parametric subdivision of
adjusted scores recently proposed by Facchin et al. (2022a).

Of course, such a proposal is not free of practical limitations, as requiring a significant
amount of additional effort: indeed, after a canonical study on a representative sample of Nls, —
which, as previously mentioned, would still be mandatory for deriving adjustment equations —,
researchers should also serially perform a number of normative studies on different clinical
populations for deriving disease-specific cut-offs. Albeit the practicability of such an approach
still needs to be carefully evaluated, the above “quality-over-quantity” approach might again
represent a favorable philosophy to embrace (Sect. 5.3.1).

A further, methodological note on the topic of norm-derivation is due with regard to the
regression-based step: indeed, as previously mentioned (Sect. 2.3.3.2), researchers should
consider adopting generalized linear models, instead of linear models, to the aim of exploring the
effect of demographics on test scores, and thus deriving adjustment equations — at least when
ceiling/floor effects and overdispersion occur [Crepaldi et al., 2014; Tessari et al., 2015; Aiello

et al., 2020; Vestito et al., 2021; Toraldo, 2022].
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Finally, as suggested within a recent call for harmonizing cognitive assessment procedures
in Europe [Boccardi et al., 2022], it is advisable that future normative studies account for the
relevant changes that concerned the educational background and life expectancy of the Italian
population within the last decades [Siciliano et al., 2019b] by referring, when stratifying a given
normative sample, to standard systems for categorizing education — e.g., the International
Standard Classification for Education [UNESCO Institute for Statistics, 2012] —and age —e.g.,by
addressing 10-year steps that also include individuals falling within the 9" and 10" decades of
age [Boccardi et al., 2022; Conca et al., 2022]. Such an approach would not only minimize the
heterogeneity in sample stratification between normative studies addressing different screeners —
thus allowing for more comparable norms and thus test results [Boccardi et al., 2022] —, but also
address the recently highlighted, pivotal topic of screening for cognitive disorders in an
increasingly multicultural Country such as Italy [Cova et al., 2020; Boccardi et al., 2022;

Canevelli et al. 2022].

5.3.5 Should disease-specific screeners be solely regarded as such?

Taking the cue from what Aiello et al. (2022b) proposed, although within a context that
differs from the topic of the present Dissertation, the notion of “disease-specificity” might be, at
least in some cases, rethought. Indeed, while a number of currently available cognitive screeners
are intended to target a specific brain disorder or a specific clinical spectrum [Aiello et al., 2022a],
“off-label” applications might not be always unreasonable [Aiello et al., 2022b]. Once again, the
cognitive section of the ECAS might be addressed as a paradigm also with this regard: despite
having been originally developed to screen for FTD-spectrum, cognitive deficits in ALS — as the
majority of its items target language and EF, and its tasks have been thought to be administered
to patients with dysarthria/anarthria and/or upper-limb impairments — [Abrahams et al., 2014],
given its large coverage of cognitive domains — i.e., EF/attention, language, memory and visuo-
spatial abilities —, several studies have confirmed its usefulness beyond ALS, namely AD

[Kourtesis et al., 2020; De Icaza et al., 2021], bvFTD [Saxon et al., 2020; De Icaza et al., 2021]
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and extra-pyramidal disorders — i.e., PD, HD and progressive supranuclear palsy [Foley et al.,
2018; Carelli et al., 2021]. With specific regard to Italy, as previously mentioned (Sect. 3.4.1.4),
Carelli et al. (2021) have in fact tested its clinimetrics and feasibility in PD and HD — being
primarily motivated by the fact that also such brain disorders entail motor dysfunctions and
deficits within the instrumental/non-instrumental domains that are captured by the ECAS. Within
such a framework, and on the basis of the sound statistical features that the ECAS showed not
only in ALS [Poletti et al., 2016; 2018; Aiello et al., 2022¢], but also in PD and HD [Carelli et
al., 2021], it would not be unreasonable to test whether this screener is likewise clinimetrically
solid and feasible in other brain disorders that share with ALS, PD and HD both a motor deficit

and a multi-faceted cognitive phenotype — e.g., stroke, vascular dementias, MS or LBD.
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Appendix. Development of the tasks of the Telephone Language Screener

Al.1 Synopsis

With the exception of CS task, the development of other tasks begun with an extra and/or
non-definitive number/type of items as compared to the final set. This allowed to perform
feasibility studies and select the most appropriate items for each task. The feasibility studies for
Spelling, SA, CML, and RoW, RoNW and RoS tasks were conducted on a sample of 29 Nls (14
males; 15 females; age: 41.1+18.5, range=21-85; education: 15.4+3.9, range=15-21). The
feasibility studies for NtD-N and NtD-V tasks were, by contrast, carried out on other two different
samples of Nls (Sect. A1.3 & Al.4).

As previously outlined (Sect. 4.2.2.2), the BDS has been adapted from Monaco et al. (2013)
— with the task being thus interrupted after two consecutive errors on a given string level (2 string
for each level) —, by however limiting the length of the strings up to 6 digits in order not to

overload examinees’ auditory-verbal short-term-memory/phonological working memory.

Al.2 Connected speech (CS)

The two items of this task (CSa; CSb) were adapted from Wilson et al. (2010), Arcara &
Bambini (2016) and Catricala et al. (2017). CSa requires the examinee to describe her/his
morning routine and Informative Units (1U) are considered for the scoring. After data collection,
IUs generated by the whole sample of NIs (N=401) were qualitatively aggregated into semantic
clusters and IU occurring a minimum of 15 times within the normative sample were considered
for the scoring (frequency range=15-348). Semantic clustering was concurrently performed by
two of the Authors, with a third one solving disagreements in classifications. CSb did not require
any adjustment or feasibility study, as being a mere adaptation to the oral modality of the written
description task of the SAND [Catricala et al., 2017]: 1Us for the CSb indeed correspond to those
identified by Catricala et al. (2017) —i.e., 3 objects and 3 actions. As previousle mentioned (Sect.

4.2.2.2), the base CS scoring also allows to qualitatively report phonological, lexical-semantic
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and morpho-syntactic errors according to the aphasiological literature [Gilardone & Monti,
2019], as well as other qualitative speech features related on the following categories: 1)
articulatory difficulties; 2) speech fluency; 3) executive-mediated communicative failures (e.g.,
echolalia, recurring utterances, verbal inertia ); 4) pragmatic dysfunctions (e.g., rapid topic shifts,
hyper-informativity) [Arcara & Bambini, 2016; Catricala et al., 2017; Gilardone & Monti, 2019].
The advanced CS scoring then allows for 1) an in-depth, qualitative report of dysarthric features
an apraxia of speech according to the current literature on motor speech disorders [Strand et al.,
2014; Gilardone & Monti, 2019] and 2) the derivation of a number of quantitative measures for
speech analysis, including both unitary (e.g., the total number of inflected verbs or closed-class
words) and “ratio” measures (e.g., the total number of inflected verbs out of the total number of

verbs produced) [Wilson et al., 2010; Catricala et al., 2017; Gilardone & Monti, 2019].

Al.2 Spelling

Stimuli were either derived from Luzzatti et al.’s (1994) writing-to-dictation task or
generated ex novo to fit the following classes: 1) regular words with no one-to-one phonological-
orthographic correspondence and 2) irregular words. The choice of focusing on such stimulus
types has been previously mentioned (Sect. 4.2.2.2).

A preliminary set of 15 words were administered to the feasibility sample to compute
response agreement rates. A set of 10 words was identified yielding a response agreement >83%.
In order for stimuli to be relatively sensitive, the following psycholinguistic variables were
addressed: word frequency <688 (range=30-688) computed through the SUBTLEX-IT corpus)
[Crepaldi et al., 2016]; at least one consonant cluster (including doubles); length in letters and

syllables >5 (range=5-7) and 2, respectively.

Al1.3 Semantic Association
As previously outlined, this task was adapted from Luzzatti et al. (2020). Moreover, the was

in accordance with the principles outlined by Catricala et al.’s (2013). A set of 12 target-probe-
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distractor triplets was initially selected, considering the following psycholinguistic variables:
disyllabic words with low phonological complexity, high level of concreteness and imageability
[Della Rosa et al., 2010] and homogeneity in terms of age of acquisition within each item
[Dell’Acqua et al., 2000; Della Rosa et al., 2010; Navarrete et al., 2019]. In addition, the target
was selected in order for it to have always a shorter semantic distance with the probe when
compared to the distractor [Marelli, 2017]. According to Luzzatti et al. (2020), triplets were of
three types, based on the nature of the semantic association: categorical, functional, and
encyclopedic/visual-encyclopedic. The last three categories were aggregated.

After the feasibility study, six items were selected, two for each category — i.e., categorical
vs. functional/encyclopedic/visual-encyclopedic. In particular, items without ceiling effects in
agreement rates were chosen (range=93%-96%), with the exception of one item (100%). With
respect to the selected 6 items, semantic distance from the target was significantly higher
(t(10)=3.83; p=.003) for the distractor (M=.87; SE=.02) when compared to the probe (M=.7;

SE=.04). Age of acquisition was homogeneous across the 6 items (F(5,12)=2.77; p=.068).

Al1.3 Naming to Description of Nouns

The feasibility study for the NtD-N were pursuant to Catricala et al.’s (2013) procedures. A
set of twenty preliminary items was selected considering the following psycholinguistic
properties: lexical frequency <2.5, number of features (characteristic related to the word to name)
>16, concreteness, imageability, familiarity, age of acquisition (in weeks), context availability —
this last fature having been considered since, in accordance with Schwanenflugel et al. (1988),
concrete words activate a broader contextual verbal support resulting in faster processing —,
abstractness, acquisition modality, number of syllables, typicality, mean time of naming (in
seconds), and word length [Dall’Acqua et al., 2000; Della Rosa et al., 2003]. All of the values
for the abovementioned variables are taken from Dall’ Acqua et al., 2000 and Della Rosa et al.,
2003. In addition, the items were half living and half non-living, and, at independent-sample t-

tests, psycholinguistic properties of the two groups were not significantly different (ps>.119).
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The feasibility study was carried out in a sample of 27 Nls (16 females, 11 males; age:
32.4+13, range=18-63; education: 16.5+2.9, range=10-21).

After the feasibility study, six items were selected, three for each category, considering the
highest level of agreement among participants (>88%). Psycholinguistic features of such items
are reported in Supplementary Table 1, separately for living and non-living ones. The
presentation order of each item was organized as follows: nouns of the same category or with
the same initial were not consecutive and semantic distance between contiguous nouns was

greater than .8.

Supplementary Table 1. Psycholinguistic features of the final set of items included in the Naming to Description
of Nouns task of the Telephone Language Screener.

Psycholinguistic feature Living nouns (N=3) Non-living nouns (N=3)
Semantic relevance 27.5+4 (22-32.2) 30+3.3 (26.2-32.4)
Number of features 27.8+4.4 (23-32) 25+2 (23-27)
Concreteness 686.5+13.1 (668.8-700) 687.4+4.3 (684.6-692.3)
Imageability 678.4+16.1 (661.8-694.7) 683.4+10.1 (672-691.3)
Familiarity 571.5+74.3 (481.8- 645.5) 513.2+43.8 (481.8-563.2)
Age of acquisition (weeks) 198.1+8.1 (191.7-210) 230+33.6 (208.8-268.8)
Context availability 641.5+27.3 (617.6-673.5) 648.4+18.6 (632.4-668.8)
Abstractness 100.7+1.5 (100-102.9) 104.6+1.5 (102.9-105.9)
Modality of acquisition 227.2+63.1 (144-296) 198+20.9 (175-215.8)
Length in letters 8.5+1 (8-10) 7.3+.6(7-8)
Length in syllables 3.8+.5(3-4) 3+0
Word frequency 1.8+.3(1.4-2.2) 1.3£.1(1.2-1.4)
Typicality 4.6+1.3 (2.7-5.5) 4.5+1.6 (3.1-6.2)
Naming reaction times (seconds) 1013.84+262.2 (655-1280) 754.3+91.5 (651-825)

Notes. Non-aggregated values (not shown) are taken from Dall’ Acqua et al. (2000) and Della Rosa et al. (2003).

Continuous variables are shown as M£SD (range).

Al.4 Naming to Description of Verbs

The feasibility study for the NtD-N were pursuant to Catricala et al.’s (2013) procedures. A
set of 20 verbs was selected from Crepaldi et al. (2006), considering the following
psycholinguistic properties: number of syllables, word length, age of acquisition (in years),
naming agreement, argument structure type (transitive vs. intransitive), imageability, typicality,
familiarity, actionality and frequency (<15) [Crepaldi et al., 2006; Aiello et al., 2022].

Psycholinguistic properties for such items were taken from Crepaldi et al. (2006) Aiello (2022)
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and Aiello et al. (2022a). All the properties were not significantly different between transitive
and intransitive verbs at independent-sample t-tests (ps>.105).

Subsequently, 25 Nls (14 females, 11 males; mean age: 30, range=16-62; mean education:
16.4, range=10-20) were asked to list as many features as possible in order to describe the set of
20 verbs. To facilitate the feature production, a series of cues was provided to participants (e.g.,
“When, where, who, associated objects, goal?”). Data were analyzed following the criteria for
the features categorization of McRae et al. (1997). Features generated by fewer than two NIs
were excluded. All the similar features were aggregated and classified into one of seven possible
category types: 1) subject, 2) object, 3) physical and 4) temporal context, 5) cause, 6) consequence
and 7) attribute. For each feature, the following properties were calculated: 1) dominance, i.e.
the number of NIs who listed a specific feature for a specific concept (range=2-24, M=4.67)
[Garrard, et al., 2001; McRae et al., 2005; Ashcraft, 1978]; 2) frequency (range=1-5, M=1.26),
i.e. the number of concepts for which a given feature appeared (with respect to each category and
to all concepts from the database); 3) two different measures of distinctiveness (range=4-20,
M=18.4): the number of concepts for which the semantic feature appears, divided by the total
number of concepts in the database [Devlin et al., 1998; McRae et al., 2005], and *‘the proportion
of concepts within a category for which the feature in question was generated’’ [Garrard et al.,
2001]; 4) semantic relevance (range=4-104, M=19.1), as a non-linear combinations between
dominance and distinctiveness [Sartori et al., 2004; Mechelli et al., 2006].

After feature selection, a definition for each verb was created following this structure: “action
that”, followed by 4 features different for category types.

The twenty preliminary items were administered to a different sample of 23 Nlis (13 females,
10 males; mean age: 30, range=18-60; mean education: 15, range=10-21) to choose the final
items. After the preliminary check, six items were selected, three transitive and three intransitive
verbs, considering the highest level of agreement among Nls (>96%). Psycholinguistic features
of such items are reported in Supplementary Table 2, separately for transitive and intransitive

ones. The order of single items was organized as follows: verbs of the same category or with the
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same initial were administered not consecutively, and semantic distance values between

contiguous items had to be greater than .8.

Supplementary Table 2. Psycholinguistic features of the final set of items included in the Naming to Description
of Verbs task of the Telephone Language Screener.

Psycholinguistic feature Intransitive verbs (N=3) Transitive verbs (N=3)
Word frequency 3.7£4.6 (1-9) 0
Length in letters 9.3£1.5 (8-11) 9+2.6 (6-11)
Length in syllables 3.7£.6 (3-4) 4+1 (3-5)
Age of acquisition (years) 3.9£1.8 (2.4-5.8) 3.9£1.2 (2.6-5)
Naming agreement (%) 100%:=.1% (90%-100%) 100%
Imageability 5+1 (3.9-5.7) 4.8+.8. (4-5.6)
Typicality 5.7+.65 (5.2-6.4) 6.1+.8 (5.2-6.7)
Familiarity 5+1.3 (4-6.5) 4.7£1 (4-5.9)
Actionality 4.2+.6 (3.5-4.6) 4.9+.3 (4.5-5.1)
Number of features* 18+5.3 (12-22) 18.7£2.1 (17-21)
Feature dominance* 6.8£1.7 (5.5-8.7) 6.9£.9 (6.1-7.8)
Feature frequency* 1.2+.1(1-1.2) 1.2+.2 (1-1.4)
Feature distinctiveness* 19.3+£.6 (19-20) 18.7£1.2. (18-20)
Semantic relevance of features* 40.5+10.6 (28.5-48.6) 49+3.5 (46.5-53)

Notes. *values empirically derived within the feasibility study. Non-aggregated values (not shown) are taken from Crepaldi
et al. (2006), Aiello (2022) and Aiello et al. (2022). Continuous variables are shown as M+SD (range).

Al.6 Comprehension and Memory Load

A set of 6 items was anew-developed and selected for this task, divided into pairs of two by
difficulty and number of requests — inspired to the Token Test [De Renzi & Faglioni, 1978], as
previously outlined (Sect. 4.2.2.2). Items 1la and 1b have simple biphasic orders with coordination
bond — e.g., “tap once on the table and tell what color it is the snow”; Items 2a and 2b, on the
other hand, are two-phase orders with a subordination link (e.g.: “if the dog is an animal, say the
day that comes before Friday”). Finally, Items 3a and 3b correspond to three-phase orders which
embed a requirement referred to the previous one — e.g., “say what color the banana is after
saying the letter "A", rather, the letter "O"”.

The score for each sentence is assigned based on the understanding of each underlying
phase/section. During the feasibility study on the NI sample (Sect. Al), the task only underwent
a main change related to the replacement of the response modality for a number of items. Indeed,
originally, some items required to telephone-tapping [Brandt et al, 1988; Christodoulou et al.,

2016]: however, such a requirement was eliminated from the final item set and replaced with a
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"tap on the table” order [Aiello et al., 2022b], due to the fact that it was deemed much more
difficult for the examiner’s standpoint to hear the tapping on the telephone. It was deemed that
such difficulties were linked to discrepancies among receivers’ telephones — e.g., type of screen

and telephone, position (near or far from the microphone).

Al.7 Repetition of words

As previously outlined (Sect. 4.2.2.2), the items from this task were derived from the SAND
[Catricala et al., 2017]. A preliminary set of 12 words was selected considering the following
psycholinguistic variables: domain (all words), word length (short or long), frequency <5 [De
Mauro et al., 1993] and phonological neighborhood density (low, i.e. <6; range=0-3) [Catricala
etal., 2017].

The preliminary set was administered to the feasibility sample. Then, the items with the
highest agreement (>90%; range=92%-100%) among NIs were selected. The final version
consists of six items (4/6 concrete and 2/6 abstract words, 4/6 long and 2/6 short) all derived from
the SAND [Catricala et al., 2017] with the exception of one word (i.e., “frode”) which was
substituted with another (i.e., “crepa”) due to the difficulty of comprehension by examinees’

standpoint via telephone detected during the feasibility study.

Al.8 Repetition of Non-words

As previously outlined (Sect. 4.2.2.2), the items from this task were derived from the SAND
[Catricala et al., 2017]. A set of 12 preliminary items was selected considering two
psycholinguistic variables: word length and phonological closeness to words (close or distant)
[Catricala et al., 2017].

The preliminary set was administered to the feasibility sample and the items with the highest
agreement (>90%; range=93%-97%) among NIs were selected. The final version consists of five
items, all derived from the SAND [Catricala et al.,2017] — i.e., 2 long non-words close to a word,

one long non-word distant from a word and 2 short non-words and close to a word).
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A1.9 Repetition of sentences

As previously outlined (Sect. 4.2.2.2), the items from this task were derived from the SAND
[Catricala et al., 2017]. A set of 6 preliminary sentences was selected considering three
psycholinguistic variables: sentence length (short or long), semantic predictability and
grammatical complexity.

The preliminary set was administered the feasibility sample and the sentences with the
highest agreement (>86%; range=86%-100%) among NIs were selected. The final version

consists of three sentences: all unpredictable — to increase task complexity —, 2 long and one short.
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