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Abstract

Objectives: This study aims to unravel the association between language deficits and executive functions in non-demented
amyotrophic lateral sclerosis (ALS) patients by means of 1) assessing the executive determinants of language impairment
(LI) and 2) simultaneously testing the effects of both executive and language performances on phonemic verbal fluency
(PVF) deficits. Methods: N =299 non-demented ALS patients underwent the Edinburgh Cognitive and Behavioral ALS
Screen (ECAS), being also assessed for behavioral/psychiatric and motor-functional features. Two sets of logistic models
were run: the first, regressing an impaired vs. unimpaired performance on each ECAS-Language (ECAS-L) tasks based
on each task of the ECAS-Executive Functioning (ECAS-EF); the second, regressing an impaired vs. unimpaired per-
formance on each ECAS-Fluency tasks based on both ECAS-L and ECAS-EF tasks. Within these models, demographic,
motor-functional, and psychiatric/behavioral measures were covaried for. Results: Defective Naming and Comprehension
performances were predicted by lower scores on the Sentence Completion task (p <0.002), whilst defective Spelling per-
formances by lower Alternation scores (p < 0.001). Defective performances on Verbal fluency — S and Verbal fluency — C
tasks were predicted by lower Backward Digit Span and Sentence Completion scores, respectively (p < 0.008). Discussion: In
ALS patients, inhibitory and set-shifting abilities majorly contribute to LI, whilst PVF deficits are mostly linked to dysex-
ecutive features.

Keywords: Amyotrophic lateral sclerosis, frontotemporal degeneration, neuropsychology, language, executive functions, verbal
fluency

1. Background FTD present with executive and/or language

Due to the pathophysiological and genetic link deficits (1).

between amyotrophic lateral sclerosis (ALS) and In this population, executive impairment (EI)
frontotemporal dementia (FTD), up to 50% of usually affects inhibitory, set-shifting, and working
ALS patients without a co-morbid diagnosis of memory abilities — which characterize the cognitive
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phenotype of behavioral variant-FTD (2) —, whilst
language impairment (LI) is typically characterized
by lexical-semantic, morpho-syntactic, and — albeit
to a lesser extent — phonological deficits mimicking
those found in the semantic and non-fluent var-
iants of primary progressive aphasia (svPPA;
nfvPPA) (3-5). Both EI and LI in ALS patients
without a co-morbid diagnosis of full-blown FTD
are generally mild-to-moderate in severity, thus
not fulfilling the neuropsychological criteria for any
of these syndromes (2-5).

However, it is currently debated whether, in
non-demented ALS patients, LI is of a primary
nature or it arises from EI (6-8). After all, normal
language functions not only rely on the integrity of
perisylvian networks, but also on that of cortical-
subcortical circuitries subserving executive processes
(9,10). In fact, LI is common to several neurodege-
nerative conditions that do not comprise it as a
core phenotypic feature and involve both executive-
and language-related neural networks (11,12) — this
also applying to the behavioral variant-FTD
(bvFTD) (12).

Consistently, in non-demented ALS patients, a
non-negligible amount of the variance of language
performances has been shown to be accounted for
by executive functioning (6-8). At the same time,
LI in this population has proved to be partially
independent of EI (6-8). However, little is cur-
rently known on which specific executive facets
contribute to LI in ALS.

To the aim of shedding further light on this
matter, the investigation of the cognitive underpin-
nings of phonemic verbal fluency (PVF) deficits in
this population might reasonably offer a fruitful
opportunity. Indeed, PVF tasks have been historic-
ally employed for assessing ALS patients’ executive
status (13). At the same time, it is acknowledged
that PVF tasks engage, in both normotypical indi-
viduals (14,15) and patients with brain disorders
(16), both executive functions — i.e. inhibitory and
working memory abilities — and language — i.e. the
lexical-semantic component (14-16). In alignment
with the last stance, PVF performances have been
shown to reflect, in ALS patients too, the integrity
of both inhibitory/working memory abilities and
the lexical-semantic component (17-19). However,
to the best of the Authors’ knowledge, the simul-
taneous impact of specific executive and language
facets on defective PVF performances in this popu-
lations has not been explored up to this day.

Given the above premises, the current study
aimed at further delving into the association
between language and executive functions in non-
demented ALS patients by means of 1) assessing
the executive determinants of LI and 2) simultan-
eously testing the effects of both executive and lan-
guage performances on PVF deficits.

2. Methods
2.1. Participants

The current retrospective cohort included N=299
ALS patients (20) consecutively referred to
IRCCS Istituto Auxologico Italiano, Milano, Italy
between 2016 and 2023. Patients did not present
with 1) a co-morbid diagnosis of FTD (21,22) 2)
ALS-unrelated neurological/psychiatric disorders
(including neurodevelopmental disorders poten-
tially affecting language processing), 3) severe
general-medical conditions, and 4) uncorrected
sensory deficits.

The study was approved by the Ethics
Committee of the IRCCS Istituto Auxologico
Italiano (I.D.: 2013_06_25). Informed consent
was provided by participants and data were treated
in accordance with current regulations.

2.2. Materials

2.2.1. Cognitive measures. Cognition was
assessed by means of the cognitive section of the
Italian version of the Edinburgh Cognitive and
Behavioral ALS Screen (ECAS) (23), i.e. a gold-
standard, disease-specific screening battery that
allows to minimize the confounding effect of dys-
arthric features and upper-limb disabilities on cog-
nitive test results. The ECAS consists of five
performance-based subscales assessing Language
(ECAS-L;  range=0-28), Fluency (ECAS-F;
range = 0-24), Executive functioning (ECAS-EF;
range = 0-48), Memory (ECAS-M; range=0-24),
and Visuospatial abilities (ECAS-VS; range=0-12).
The Italian version of the ECAS has been normed
according to a 2 SD-based approach, with cutoffs
being stratified according to age and education
classes (23,24).

The ECAS-L comprises three subtests: Naming
(range=0-8) — a confrontation-naming task -,
Comprehension (range=0-8) — requiring examinees
to identify the picture corresponding to a probe
description — and Spelling (range=0-12) — an oral
spelling task of words. The ECAS-F includes two
PVF tasks: Verbal fluency — S (range=0-12) —
requiring examinees to produce/write as many
words beginning with the letter “S” within a given
timeframe — and Verbal fluency — C (range=0-12) —
requiring examinees to produce/write as many 4-
letter words as possible beginning with the letter
“C” within a given timeframe. The ECAS-EF com-
prises four subtests: Backward digit span (range = 0—
12), Alternation (range= 0-12) — a verbal adaptation
of the Trail-Making Test — Part B —, Sentence com-
pletion (range=0-12) — requiring participants to
complete probe sentences with a semantically unre-
lated word — and Social cognition (range=0-12) —
requiring participants to choose, among four pic-
tures, which one is preferred by a depicted face.
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Response modality (oral vs. written) was
adapted according to the presence and severity of
dysarthric features and/or upper-limb deficits.

2.2.2. Behavioral, psychiatric, and motor-
functional measures. Patients were assessed for
behavioral changes via the ECAS Carer Interview
(ECAS-CI) (25), as well as for anxiety and depres-
sion levels with the State and Trait Anxiety
Inventory — Form Y (STAI-Y1/Y2 for state- and
trait-anxiety, respectively) (26) and the Beck
Depression Inventory (BDI) (27), respectively.

As to motor-functional outcomes, disease
severity was assessed wvia the ALS Functional
Rating Scale-Revised (ALSFRS-R) (28), progres-
sion rate (AFS) was computed according to
Kimura et al.’s (29) formula, and disease staging
was retrieved wia both King’s Staging System
(KSS) (30).

2.3. Statistics

To explore the executive determinants of LI, a set
of three separate logistic regressions were run by
addressing, as the outcome, a below- vs. above-
cutoff performance on Naming, Comprehension, and
Spelling tasks (based on age- and education-
stratified Italian normality thresholds (24)),
respectively, and, as predictors, each task of the
ECAS-EF. Within these models, demographic fea-
tures (i.e. age, education, and sex), disease dur-
ation in months, motor-functional outcomes (i.e.
ALSFRS-R, AFS, and KSS scores), behavioral
and psychiatric measures (i.e. ECAS-CI, STAI-
Y1/Y2, and BDI scores), and modality of test
administration — i.e. written vs. oral — were entered
as covariates.

Similarly, to the aim of assessing the executive
and linguistic underpinning of PVF deficits, two
separate logistic regressions were run by address-
ing, as the outcome, a below- vs. above-cutoff per-
formance on Verbal fluency — S and Verbal fluency —
C tasks (based on age- and education-stratified
Italian normality thresholds (24)), respectively,
and, as predictors, each task included within the
ECAS-L and the ECAS-EF. The abovementioned
covariates were entered into these models too.

Within all the models, collinearity was diag-
nosed in the presence of both a Variance Inflation
Factor (VIF) >10 and a Tolerance Index (TI)
<0.10 (31).

A Bonferroni-adjusted significance threshold
was addressed when selecting significant predictors
within each of the models above — i.e. dygjustea =
0.05/numbers of target predictors (i.e. excluding
covariates). Analyses were run via jamovi 2.3 (the
jamovi project, 2022).

3. Results

Table 1 summarizes patients’ background and
clinical features.

Tables 2 and 3 display the results of the two
sets of logistic regression addressing ECAS-L and
ECAS-F tasks as the outcomes, respectively.
Within both these sets, no collinearity was diag-
nosed (models addressing the ECAS-L: VIF <
2.28, TI > 0.35; models addressing the ECAS-F:
VIF < 2.93, TT > 0.86).

At Oagjustea = -012, higher Sentence completion
scores selectively predicted a higher probability of
an unimpaired performance on the Naming
(M—-1*SD: 0.92+.04; M+ 1*SD: 0.97+0.01) and
Comprehension (M—-1*SD: 0.92+0.04; M+ 1*SD:
0.98+0.01) tasks, whilst, at the same significance
threshold, higher Alrernarion scores predicted a
higher probability of an unimpaired performance
on the Spelling task (M-1*SD: 0.86x0.05;
M+ 1*SD: 0.95£0.02).

At Oagjustea = 0.007, higher Sentence completion
scores selectively predicted, even if marginally, a
higher probability of an unimpaired performance
on the Verbal fluency - S task (M-1*SD:
0.86£0.05; M+ 1*SD: 0.95%0.02) and higher
Backward digit span scores predicted a higher prob-
ability of an unimpaired performance on the Verbal
Sfluency - C task (M—1*SD: 0.78 £0.07; M+ 1*SD:
0.93+0.03).

4. Discussion

The present study sheds further light on the con-
tribution of executive functions to language deficits
in ALS by addressing a large cohort of non-
demented patients (IN=299) assessed wvia a
disease-specific battery (i.e. the ECAS). Overall,
this report suggests that, in this population: 1)
inhibitory control (measured wvia the Sentence com-
pletion task of the ECAS-EF) exerts a major influ-
ence on LI within the lexical-semantic component
(detected by means of the Naming and
Comprehension tasks of the ECAS-L); 2) set-
shifting abilities (measured via the Alternation task
of the ECAS-EF) relevantly contribute to phono-
logical deficits (detected by means of the the
Spelling task of the ECAS-L); 3) PVF deficits
(detected by means of the Verbal fluency — S and
Verbal fluency — C tasks of the ECAS-F) are mostly
driven by executive processes — and, more specific-
ally, by phonological working memory and, albeit
to a lesser extent, set-shifting abilities (measures
via the Backward digit span and Alternation tasks of
the ECAS-EF, respectively). Given that the cur-
rent prevalence of neuropsychological disorders —
as detected by the ECAS - aligns with a recent,
large-scaled study on the epidemiology of fronto-
temporal-spectrum disorders in non-demented ALS
patients (32), it is reasonable to assume that these
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Table 1. Patients’ demographic, clinical and cognitive measures.

N

299

Age (years)

Sex (male/female)
Education (years)

Disease duration (months)
ALSFRS-R

63.5+11.2 (20-88)
186/112
11.5%4.2 (5-24)
19.2£22.6 (1-264)
38.1%6.7 (4-48)

AFS 0.8%0.9 (0-6)
Genetics (N)
C9orf72 18
TARDBP 9
SOD1 10
King’s (%)
Stage 1/2/3/4 36.5 %/35.8 %/20.4 %/7.4 %
ECAS
Total 99.7+18.5 (34-129)
Impaired (%) 33.4%
Language 23.5+3.9 (10-28)
Impaired (%) 22.7%
Naming 6.8+1.3 (2-8)
Impaired (%) 13.4%
Comprehension 7.7%10.7 (4-8)
Impaired (%) 9.7%
Spelling 9+2.9 (0-12)
Impaired (%) 18.7%
Fluency 16.4£5.5 (0-24)
Impaired (%) 21.1%
Verbal fluency - S 8.6+2.8 (0-12)
Impaired (%) 15.1%
Verbal fluency - C 7.813.5 (0-12)
Impaired (%) 20.7%
Executive 33.6£8 (9-48)
Impaired (%) 22.7%
Backward digit span 5.3+1.8 (0-12)
Impaired (%) 1.3%
Alternation 9.7+3.5 (0-12)
Impaired (%) 21.1%
Sentence completion 9.1£2.6 (0-12)
Impaired (%) 22.7%
Social cognition 9.5+3.3 (0-12)
Impaired (%) 13.7%
Memory 14.8+4.4 (1-22)
Impaired (%) 18.7%
Visuo-spatial 11.3%£1.2 (5-12)
Impaired (%) 9.7%
ECAS-CI 0.7+1 (0-5)
Disinhibition 6%
Apathy 38%
Loss of sympathy/empathy 16%
Perseveration 2%
Altered eating behavior 4%
Psychosis - Suspicion 1%
Psychosis - Delusions 1%
Psychosis - Hallucinations 0.003%

STAI-Y1
STAI-Y2
BDI

51.3%10.3 (34-81)
49.9+9.8 (30-80)
13.9%9 (0-58)

ALS = amyotrophic laterals sclerosis; ALSFRS-R=Amyotrophic Lateral Sclerosis Functional Rating
Scale-Revised; AFS =progression rate; ECAS = Edinburgh Cognitive and Behavioral ALS Screen;
King’s =King College Staging System; ECAS-CI=ECAS Carer Interview; STAI-Y1 = State and Trait
Anxiety Inventory Y, Form Y State Anxiety; STAI-Y2 = State and Trait Anxiety Inventory Y, Form Y
Trait Anxiety; BDI = Beck Depression Inventory.

findings are featured by a sufficient degree of deficits and inhibitory control substantially aligns
generalizability. with previous evidence in both healthy (33,34) and
The association herewith detected between brain-damaged individuals (34-37), which suggests

confrontation-naming/single-word comprehension that word-retrieval — irrespectively of the nature of
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Table 2. Effects of ECAS-EF measures on ECAS-L subtests as yielded by the logistic regression models.

Outcome Predictor b Or [CI 95%)] z P
Naming
(impaired vs. unimpaired)
Predictors
Backward digit span 0.21 1.23 [0.94, 1.64] 1.49 0.136
Alternation 0.07 1.07 [0.94, 1.21] 1.14 0.254
Sentence completion 0.26 1.29 [1.10, 1.54] 3.06 0.002*
Social cognition 0.10 1.11 [0.98, 1.26] 1.64 0.100
Covariates Age (years) -0.02 0.98 [0.94, 1.02] -1.15 0.249
Education (years) -0.29 0.75 [0.66, 0.84] —4.63 <0.001
Sex (male vs. female) -0.25 0.78 [0.34, 1.80] -0.59 0.552
Disease duration (months) 0.00 1.00 [.98, 1.03] —0.31 0.759
ALSFRS-R -0.03 0.97 [0.88, 1.06] -0.69 0.492
AFS 0.07 1.07 [0.58, 2.27] 0.20 0.839
KSS 0.17 1.19 [0.70, 2.05] 0.64 0.520
ECAS-CI -0.15 0.86 [0.60, 1.27] -0.79 0.431
STAI-Y1 0.03 1.03 [0.98, 1.08] 1.09 0.274
STAI-Y2 -0.03 0.97 [0.91, 1.02] -1.18 0.237
BDI 0.00 1.00 [0.94, 1.07] 0.11 0.913
Modality (written vs. oral) 1.84 6.32 [0.99, 130.39] 1.61 0.108
Comprehension
(impaired vs. unimpaired)
Predictors
Backward digit span 0.10 1.11 [0.82, 1.52] 0.70 0.484
Alternation -0.09 0.91 [0.78, 1.04] —1.28 0.199
Sentence completion 0.30 1.35 [1.13, 1.64] 3.18 0.001*
Social cognition -0.05 0.95 [0.81, 1.10] -0.67 0.499
Covariates Age (years) -0.07 0.93 [0.88, 0.98] —-2.74 0.006
Education (years) -0.09 0.91 [0.80, 1.03] —1.48 0.139
Sex (male vs. female) -0.07 0.93 [0.36, 2.49] -0.15 0.882
Disease duration (months) 0.02 1.02 [0.99, 1.07] 0.91 0.363
ALSFRS-R 0.02 1.02 [0.90, 1.16] 0.30 0.768
AFS 0.72 2.06 [0.86, 7.14] 1.36 0.174
KSS -0.33 0.72 [0.40, 1.28] —-1.14 0.254
ECAS-CI -0.31 0.74 [0.48, 1.15] -1.41 0.158
STAI-Y1 -0.01 0.99 [0.94, 1.04] —0.34 0.735
STAI-Y2 0.00 1.00 [0.94, 1.06] -0.03 0.977
BDI 0.02 1.02 [0.95, 1.10] 0.65 0.516
Modality (written vs. oral) 0.98 2.68 [0.43, 52.99] 0.88 0.378
Spelling
(impaired vs. unimpaired)
Predictors
Backward digit span 0.18 1.19 [0.94, 1.53] 1.42 0.155
Alternation 0.16 1.18 [1.07, 1.30] 3.35 <0.001%*
Sentence completion 0.12 1.12 [0.98, 1.30] 1.65 0.098
Social cognition 0.07 1.07 [0.96, 1.20] 1.30 0.195
Covariates Age (years) -0.01 0.99 [0.96, 1.03] —0.31 0.759
Education (years) 0.01 1.01 [0.92, 1.12] 0.27 0.786
Sex (male vs. female) 0.51 1.66 [0.79, 3.63] 1.32 0.188
Disease duration (months) 0.00 1.00 [0.98, 1.03] 0.30 0.768
ALSFRS-R —-0.02 0.98 [0.90, 1.06] —0.46 0.645
AFS -0.09 0.91 [0.53, 1.69] -0.32 0.749
KSS -0.02 0.98 [0.62, 1.54] —-0.08 0.937
ECAS-CI 0.01 1.01 [0.71, 1.47] 0.05 0.964
STAI-Y1 0.00 1.00 [0.96, 1.04] -0.07 0.946
STAI-Y2 0.01 1.01 [0.96, 1.06] 0.28 0.777
BDI -0.02 0.98 [0.93, 1.04] -0.64 0.522
Modality (written vs. oral) 1.22 3.38 [0.72, 26.70] 1.37 0.172

*Significant coefficient at oagjusea = 0.012.

ALSFRS-R = Amyotrophic Lateral Sclerosis Functional Rating Scale-Revised; AFS = progression rate; ECAS = Edinburgh Cognitive
and Behavioral ALS Screen; EF = Executive functioning; L= Language; King’s = King College Staging System; ECAS-CI=ECAS
Carer Interview; STAI-Y1=State and Trait Anxiety Inventory Y, Form Y State Anxiety; STAI-Y2=State and Trait Anxiety
Inventory Y, Form Y Trait Anxiety; BDI=Beck Depression Inventory.
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Table 3. Effects of ECAS-EF and ECAS-L measures on ECAS-F subtests as yielded by the logistic regression models.

Outcome Predictor b OR [CI 95%)] 2 p
Verbal fluency - S
(impaired vs. unimpaired)

Predictors
Backward digit span 0.10 1.11 [0.84, 1.48] 0.72 0.470
Alternation 0.03 1.03 [0.92, 1.15] 0.55 0.577
Sentence completion 0.22 1.25 [1.06, 1.47] 2.65 0.008%
Social cognition 0.06 1.06 [0.93, 1.20] 0.89 0.373
Naming 0.01 1.01 [0.72, 1.41] 0.09 0.925
Comprehension 0.40 1.49 [0.88, 2.53] 1.50 0.135
Spelling 0.00 1.00 [0.86, 1.17] 0.08 0.935

Covariates Age (years) -0.02 0.98 [0.93, 1.02] -1.09 0.276
Education (years) 0.15 1.16 [1.03, 1.33] 2.32 0.020
Sex (male vs. female) 0.29 1.34 [0.57, 3.24] 0.66 0.508
Disease duration (months) 0.00 1.00 [0.98, 1.03] -0.02 0.988
ALSFRS-R 0.04 1.04 [0.94, 1.14] 0.79 0.427
AFS -0.13 0.88 [0.47, 1.78] -0.39 0.696
KSS 0.44 1.55 [0.91, 2.71] 1.58 0.115
ECAS-CI -0.09 0.92 [0.62, 1.41] -0.41 0.683
STAI-Y1 -0.04 0.96 [0.92, 1.01] -1.72 0.086
STAI-Y2 0.00 1.00 [0.95, 1.06] 0.16 0.875
BDI 0.02 1.02 [0.96, 1.09] 0.72 0.469
Modality (written vs. oral) -0.16 0.86 [0.20, 4.50] -0.20 0.841

Verbal fluency - C

(impaired vs. unimpaired)

Predictors
Backward digit span 0.41 1.50 [1.15, 2.00] 2.91 0.004*
Alternation 0.12 1.13 [1.02, 1.26] 2.27 0.023
Sentence completion 0.14 1.16 [0.99, 1.36] 1.78 0.076
Social cognition 0.02 1.02 [0.91, 1.15] 0.37 0.712
Naming 0.16 1.17 [0.85, 1.61] 0.98 0.326
Comprehension 0.17 1.18 [0.70, 1.98] 0.63 0.529
Spelling 0.11 1.12 [0.98, 1.28] 1.63 0.103

Covariates Age (years) 0.03 1.03 [0.99, 1.07] 1.70 0.090
Education (years) 0.12 1.12 [1.00, 1.26] 2.01 0.045
Sex (male vs. female) 0.43 1.54 [0.70, 3.49] 1.06 0.290
Disease duration (months) -0.01 0.99 [0.97, 1.02] -0.49 0.626
ALSFRS-R 0.00 1.00 [0.92, 1.09] 0.08 0.933
AFS -0.29 0.75 [0.42, 1.45] -0.93 0.352
KSS 0.16 1.18 [0.72, 1.94] 0.65 0.518
ECAS-CI 0.09 1.09 [0.75, 1.62] 0.45 0.650
STAI-Y1 -0.02 0.98 [0.94, 1.02] -1.02 0.310
STAI-Y2 -0.03 0.97 [0.92, 1.02] —-1.24 0.214
BDI 0.03 1.03 [0.98, 1.10] 1.17 0.241
Modality (written vs. oral) —0.08 0.92 [0.22, 4.95] -0.10 0.917

*Significant coefficient at ¢,gjuseea = 0.007.
SMarginally significant coefficient at Oadjusted = 0.007.

ECAS =Edinburgh Cognitive and Behavioral ALS Screen; ALSFRS-R =Amyotrophic Lateral Sclerosis Functional Rating Scale-
Revised; AFS =progression rate; ECAS =Edinburgh Cognitive and Behavioral ALS Screen; EF =Executive functioning;
L =Language; King’s=King College Staging System; ECAS-CI=ECAS Carer Interview; STAI-Y1=State and Trait Anxiety
Inventory Y, Form Y State Anxiety; STAI-Y2=State and Trait Anxiety Inventory Y, Form Y Trait Anxiety; BDI=Beck

Depression Inventory.

the task at hand — relies on the ability to select the
correct piece of information by suppressing irrele-
vant ones.

Similarly, the current association between spell-
ing performances and set-shifting abilities was to
an extent expected: indeed, spelling tasks majorly
engage attentive-executive processes (38), espe-
cially when administered to Italian-speaking indi-
viduals (39). In fact, Italian speakers are not used
to spell words orally, since most Italian words are

featured by predictable phonological-to-ortho-
graphic/orthographic-to-phonological ~ conversion
rules (39). Relevantly, the association between
phonological deficits — as assessed by spelling
tasks — and attentive/executive dysfunctions have
been previously documented in patients with neu-
rodegenerative conditions (38,40).

Interestingly, the present report also sheds a
light on the cognitive underpinnings of PVF tasks
in ALS - suggesting that, in this population,
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impaired PVF performances reflect executive (and,
more specifically, working memory-related and
inhibitory), rather than lexical-semantic, deficits.
Such a finding aligns with the “historical”, and
currently widespread, view according to which
PVF tasks are able to detect dysexecutive features
in ALS patients (13,41). In this respect, it should
be however noted that these results are not entirely
consistent with previous studies showing that PVF
underlie both linguistic — i.e. lexical-semantic —
and extra-linguistic — i.e. executive — determinants
(14-16), also in ALS patients (17). At the same
time, one has to bear in mind that the contribution
of working memory and inhibitory control on PVF
tasks has been demonstrated in both non-clinical
and other clinical populations (42-46) — hence
supporting the present results.

Besides contributing to the understanding of
the contribution of executive processes to LI in
ALS, the present report conveys some clinical
entailments — as providing empirical support to the
current nosographic system for frontotemporal-
spectrum disorders in this population (1) with
regard to how cognitive impairment (ALSci) is
diagnosed. Indeed, according to revised Strong
et al.’s (1) criteria, a diagnosis of ALSci can be
made in the presence of either 1) PVF deficits or
an impaired performance on at least two tests
assessing either 2) different executive facets or 3)
different language components/functions. In align-
ment with this set of non-mutually exclusive crite-
ria, PVF deficits are per se sufficient to classify
patients as ALSci by representing a surrogate
marker of a more widespread EI — which would be
alternatively captured by the application of the
second criterion. Hence, in this respect, the cur-
rent findings do support the notion according to
which PVF deficits should be interpreted as sug-
gestive of EI, and not LI, in ALS, by also availing
the need of the abovementioned tripartite division
for ALSci criteria — since a given patient might
present with PVF deficits/EI but not necessarily
with LI, and vice-versa.

This study is of course not free of limitations.
First of all, the cognitive measures herewith
employed are enclosed within a screening battery:
further validation of these findings are thus needed
by relying on second-level, domain-/function-spe-
cific cognitive tests. An additional measure-related
limitation lies in the ECAS-L — which has been
criticized for its inability to cover the full specrrum
of LI in ALS (8,47,48), for its sub-optimal diag-
nostic metrics in classifying patients as cognitively
impaired (48), and for the fact that it might yield
discrepant prevalence estimate of LI in this popu-
lation based on the norming method at hand (48).
With this regard, a revision of the ECAS-L (48) or
the development of ALS-specific language tests (8)
are advisable in the view of future investigations

on this matter. Additionally, as previously out-
lined, the Spelling task of the ECAS-L might have
not been fully appropriate for the evaluation of
phonological deficits due to the abovementioned
issues specifically related to the Italian language
(39). Moreover, it should be noted that some
ECAS-EF tasks require verbal materials to be
processed (e.g. Alternation and Sentence completion)
— this possibly confounding their predictive role
toward ECAS-L performances. Thereupon, it
would be advisable for future studies to explore
this matter in ALS by nevertheless employing
executive measures that are minimally or not
mediated by language processes. Finally, it has to
be borne in mind that the present study selectively
focused on Italian-speaking individuals — this pos-
sibly limiting the generalizability of findings on LI
in ALS to other languages.

In conclusion, the current reports suggest that,
in non-demented ALS patients, inhibitory and set-
shifting abilities majorly contribute to LI, whilst
PVF deficits are mostly linked to dysexecutive fea-
tures. These findings support the notion according
to which, in this population, LI is, at least to some
extent, secondary to EI.
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