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In the last decade, scientific literature provided solid evidence of cognitive deficits in amyotrophic lateral sclerosis (ALS) patients and their effects on end-life choices. However, moral cognition and judgment are still poorly investigated in this population. Here we aimed at evaluating both socio-cognitive and socio-affective components of moral reasoning in a sample of 28 ALS patients. Patients underwent clinical and neuropsychological evaluation including basic cognitive and social cognition measures. Additionally, we administered an experimental task including moral dilemmas, with instrumental and incidental conditions. Patients’ performances were compared with a control group [healthy control (HC)], including 36 age-, gender-, and education-matched healthy subjects. Despite that the judgment pattern was comparable in ALS and HC, patients resulted less prone to carry out a moral transgression compared to HC. Additionally, ALS patients displayed higher levels of moral permissibility and lower emotional arousal, with similar levels of engagement in both instrumental and incidental conditions. Our findings expanded the current literature about cognitive deficits in ALS, showing that in judging moral actions, patients may present non-utilitarian choices and emotion flattening. Such a decision-making profile may have relevant implications in applying moral principles in real-life situations and for the judgment of end-of-life treatments and care in clinical settings.
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INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative multisystem disorder that selectively targeted the motor system (Hardiman et al., 2017). A variable range of non-motor behavioral and cognitive manifestations affects patients, with a subgroup of ALS developing a frank frontotemporal dementia (FTD) syndrome (Hardiman et al., 2017). Cognitive disorders often characterize the clinical phenotype, with a major involvement of language and executive abilities (Consonni et al., 2013; Beeldman et al., 2016; Strong et al., 2017). Behavioral changes may occur with predominant apathy and depression (Lillo et al., 2011).

In the last decade, scientific literature provided evidence of social cognition deficits in ALS, particularly, in the domains of recognition and processing of emotional materials (Lulé et al., 2005; Papps et al., 2005; Zimmerman et al., 2007; Palmieri et al., 2010; Crespi et al., 2014), affective decision-making (Meier et al., 2010; Girardi et al., 2011), and empathy (Gibbons et al., 2007; Cavallo et al., 2011; Cerami et al., 2014). Notwithstanding such a large literature on cognitive deficits and socio-emotional disorders in ALS, moral cognition has been poorly investigated yet. Research studies on the field mainly investigated ethical implications of end-of-life treatment decisions, supporting the independence between basic cognitive and behavioral impairments and patient decisions on the use of invasive medical devices (Böhm et al., 2016). In this view, the literature suggests the need for longitudinal assessment of decision-making skills to early recognize possible alterations and their effects on end-of-life choices (Khin Khin et al., 2015).

Morality is defined as the set of values and habits adopted by a cultural group in order to orient its social conduct (Moll et al., 2005). Tasks involving moral dilemmas—i.e., situations where an agent cannot fulfill, with his/her choice, all applicable moral requirements—classically measure the patient’s ability to evaluate actions made in respect to a set of virtues (i.e., “moral judgment”). Moral reasoning is defined as the sum of all mental conscious processes that allows the agent to achieve moral judgment (Moll et al., 2005). From the neuroscience perspective, neurocognitive processes underlying moral reasoning primarily encompass two main dimensions: the socio-cognitive and the socio-affective components (Bzdok et al., 2012). In evaluating a moral dilemma, subjects are often required to define the “moral acceptability/permissibility” of the leading character’s behavior (e.g., completely morally unacceptable or completely morally acceptable), referred to the individual’s ability to evaluate the character’s action as tolerable, according to the personal moral values and habits, and to evaluate the experience considering the relative “emotional valence” (e.g., pleasantness/unpleasantness) and “emotional arousal” (e.g., activation/calm). These emotional dimensions represent those parameters that typically account for most of the variance in the final moral judgment (Lotto et al., 2014).

A recent paper on moral judgment in ALS and behavioral variant of frontotemporal dementia (bvFTD) (Semler et al., 2019) proved comparable poor patient’s attitude in evaluating a moral situation in both neurodegenerative conditions. In this study, experimental assessment included the Moral Competence Test, the Ethics Position Questionnaire, and the Idler Index of Religiosity to respectively test moral competence, moral position, and religiosity. Impairment in moral judgment was regardless of ethic and religiosity scores and did not correlate with basic cognitive performances (Semler et al., 2019).

The influence of affective parameters on moral judgment processes in ALS patients is a matter of debate. No detailed information about the socio-affective dimension of moral reasoning was available yet. Some studies on other neurodegenerative patients (e.g., FTD) investigated the relationship between moral judgment, basic and social cognition abilities (Mendez et al., 2005; Mendez and Shapira, 2009; Gleichgerrcht et al., 2011) showing low performance, compared to control subjects, in a subtask requiring an immediate emotionally driven moral judgment (Mendez et al., 2005). The role of affective and emotional processes on moral decision-making in bvFTD is also supported by results of Gleichgerrcht et al. (2011).

In this view, our research study was aimed at investigating how affective and emotional dimensions influence the decision-making process of ALS patients in a moral dilemmas task.



MATERIALS AND METHODS


Subjects

Twenty-eight patients with a diagnosis of either probable or definite ALS (Brooks et al., 2000) (25 males; mean age = 57.79 ± 11.72 years; mean education = 11.50 ± 4.78 years; mean disease duration from the onset = 1.84 ± 1.47 years) were enrolled (Table 1) for the present study. According to the clinical presentation, ALS patients were classified as 19 spinal and nine bulbar onsets. We excluded patients with global cognitive deficits, as revealed by a mini mental state examination (MMSE) raw score < 23 (Duchesne et al., 2005; Diniz et al., 2007; Mitchell, 2017), or comorbid psychiatric disorders potentially interfering with cognitive functioning, as well as patients with respiratory disorders (forced vital capacity < 70% of predicted capacity), severe dysarthria, and communication difficulties potentially invalidating the administration and/or interpretation of neuropsychological assessment.


TABLE 1. Demographic, clinical, and neuropsychological features of the sample.

[image: Table 1]Thirty-six age-, gender-, and education-matched healthy controls (HCs; 25 males; mean age = 52.97 ± 14.03 years; mean education = 9.97 ± 3.17 years) were recruited at local senior community centers. They underwent a clinical interview, a neurologic examination, and a brief neuropsychological assessment in order to test cognitive efficiency. Medical history positive for neuropsychiatric disorders, positive neurologic examination, MMSE raw score <28 (Measso et al., 1993; Crespi et al., 2014, 2016; Van Patten et al., 2019), as well as verbal and visuospatial delayed memory performances (i.e., Rey Auditory Verbal Learning test, Rey Figure Recall task) below 25th percentile according to the Italian normative values, were considered as exclusion criteria for HC enrollment.



Basic Cognitive and Social Assessment of Amyotrophic Lateral Sclerosis Patients

Basic cognitive functioning in patients was evaluated with the Italian version of the Edinburgh Cognitive and Behavioral ALS Screen (ECAS) battery. This is a widely used multi-domain brief assessment designed to evaluate a range of cognitive functions typically affected in ALS (i.e., ALS-Specific domains: executive functions, social cognition, fluency, and language) (Poletti et al., 2016). In addition to executive (reverse digit span, alternation, and sentence completion tasks), social cognition (Yoni task), fluency (verbal fluency tasks for words beginning with the letter “S” and for four-letter words starting with the letter “C”), and language (naming, comprehension, and spelling) tasks, ECAS explored also cognitive domains not typically affected in ALS but common in pathological aging [ALS Non-specific domains: memory (immediate recall and delayed recognition) and visuospatial (dot counting, cube counting, and number location)] (Poletti et al., 2016). Neuropsychological assessment also included the MMSE (Folstein et al., 1975) to assess global cognitive efficiency. Primary caregivers were asked to complete the frontal behavioral inventory (FBI) (Kertesz et al., 1997; Alberici et al., 2007) to assess behavioral changes in patients.

A brief social cognition battery exploring basic emotion recognition and emotion and intention attribution in others was also administered including the Ekman-60-Faces test (Ek-60F) (Dodich et al., 2014) and the Story-based Empathy Task (SET) (Dodich et al., 2015). The EK-60F consists of 60 b/w pictures from the Ekman and Friesen series of pictures of facial affect. Pictures depict the faces of 10 actors, each displaying one of the six basic emotions (i.e., happiness, sadness, anger, fear, surprise, and disgust). The SET is a non-verbal cartoon task that consists of two main experimental conditions, i.e., identifying intentions (SET-IA) and emotional states (SET-EA), plus a control condition entailing the inference of causality reaction based on the knowledge of the physical properties of objects and human bodies (SET-CI). These tasks have been proved to be sensitive on ALS patients (Girardi et al., 2011; Crespi et al., 2014).

All subjects gave informed consent to the experimental procedure, which was approved by the local ethics committee.

See Table 1 for details on demographic variables.



Experimental Moral Task

The task of moral dilemmas includes eight scenarios derived from Lotto et al. (2014). Each dilemma was presented as text in two phases. The first phase described the scenario in which different kinds of threats were going to cause death to a group of people. The second phase described a hypothetical resolution in which the participant, identifying him/herself as the main character, can choose to kill or not one individual to save the others, who otherwise would have died. Dilemmas were subgrouped into two conditions: “instrumental” (i.e., the death of one person is a mean to save more people) and “incidental” (i.e., the death of one person is a foreseen but unintended consequence of the action aimed at saving more people). Additionally, half of dilemmas involved directly the main character because its life was at risk (i.e., self-involvement). See Supplementary Table S1 for stimulus examples.

Participants were asked to indicate whether they would do the proposed action. Then, they were asked to judge how morally acceptable was the resolution (0 = not at all, 7 = completely), to attribute an emotional valence to the moral action (0 = totally unpleasant, 8 = totally pleasant), and to rate the emotional arousal (0 = totally calm, 8 = totally involved). Outcome variables were (i) the rate of yes/no responses to the proposed resolution (i.e., moral judgment); the rating of (ii) moral acceptability, (iii) emotional valence, and (iv) emotional arousal experienced during the decision-making process.



Statistical Analyses

We explored patients’ performances at the moral dilemmas task in comparison to the control group. Preliminarily, we explored the distribution for each variable with the Kolmogorov–Smirnov test. Although some variables did not show a normal distribution, we analyzed data by testing parametric models as well (one-way ANOVA, mixed ANOVA) according to the results from Blanca et al. (2017).

First, Chi-Square Independence test was used to analyze group differences in rate of yes/no responses at moral dilemmas for the diverse task conditions of both type of dilemma (instrumental or incidental conditions) and personal involvement factors (self-involvement or no self-involvement conditions). We additionally performed one-way ANOVA on percentages of yes/no responses to provide a better description of the pattern of utilitarian responses in ALS vs. HC.

Mixed-ANOVA models were then computed to detect differences in the rating of moral permissibility, emotional valence, and emotional arousal experienced during the decision-making process, considering the type of dilemma and the personal involvement as within-subject variables and the group (ALS and HC) as a between-subject variable.

Analyses were conducted using IBM SPSS Statistics for Windows v24.0 (IBM Corporation, Armonk, NY, United States).



RESULTS


Basic Cognitive and Social Impairments in Amyotrophic Lateral Sclerosis Patients

Six out of the 28 patients (21.4%) had an impaired performance on the MMSE, scoring under the cutoff. Four out of 28 ALS patients (14.28%) showed significant impairments in the ECAS global score, and one patient had a borderline score. Four of these five patients with impaired and/or borderline ECAS global score presented impaired and/or reduced performance at ECAS ALS-specific cognitive domains and at social cognition tests. Seven additional patients (25%) showed isolated impaired or borderline scores at the ECAS ALS-specific cognitive domains. Only one patient showed significant impairments at the ECAS ALS non-specific cognitive domains, while three others obtained a borderline performance at ALS non-specific tasks. Impairments of Ek-60F and SET occurred either isolated or combined in patients. Global EK-60F or SET scores were impaired or borderline in half of the patient sample (50%, 14/28). FBI was completed by 20/28 caregivers, showing mild-to-moderate behavioral changes in patients. Increased negative (6.42 ± 6.38) and positive (3.11 ± 3.17) symptoms were both reported, with a prevalence of symptoms as apathy, emotional flatness, loss of insight, and inflexibility. According to the criteria by Strong et al. (2017), six patients (21.5%) were classified as pure ALS, six (21.5%) as ALSci, four (14%) as ALSbi, and four (14%) as ALScbi. Eight patients (29%) were not classifiable as their caregivers did not complete the FBI.

See Table 1 for further details.



Moral Cognition Disorders in Amyotrophic Lateral Sclerosis Patients Compared to Healthy Controls

Overall, the ALS sample showed impairments in moral judgment ability. Chi-Square Independence test highlighted that the global rate of yes/no response in resolution of moral dilemmas was significantly different in ALS compared to HC (Incidental dilemmas: χ2 = 36.70, p < 0.001; Instrumental dilemmas: χ2 = 14.65, p = 0.005; No self-involvement: χ2 = 38.39, p < 0.001; Self-involvement: χ2 = 18.25, p < 0.001). These results were confirmed by one-way ANOVA results, with ALS patients showing significantly lower percentages of utilitarian responses than HC in each condition, both factors considered [i.e., type of dilemma: incidental: F(1,62) = 38.16, p < 0.001; instrumental: F(1,62) = 3.81, p = 0.05; personal involvement: no self-involvement: F(1,62) = 20.36, p < 0.001; self-involvement: F(1,62) = 13.02, p = 0.001].

Concerning the judgment of moral permissibility, the result of a 2 × 2 (type of dilemma condition × group) mixed ANOVA showed a significant effect of both group [F(1,62) = 6.1, p = 0.016] and type of dilemma [F(1,62) = 46.58, p < 0.001] with no interaction effect, indicating significantly higher ratings in ALS patients than HC; higher ratings for incidental compared to instrumental dilemmas characterized both groups (Figure 1). Results from personal involvement × group mixed ANOVA highlighted a significant effect of group [F(1,62) = 6.1, p = 0.016], with ALS patients showing higher ratings than HC. We did not find a significant effect of personal involvement nor an interaction effect with group.


[image: image]

FIGURE 1. Significant differences in moral permissibility and emotional arousal in amyotrophic lateral sclerosis (ALS) patients compared to healthy controls (HCs). The figure depicts, on the left, the significant group (*) and type of dilemma (**) effects for the moral permissibility variable, showing significantly higher ratings in ALS patients than HC and higher ratings for incidental compared to instrumental dilemmas in both groups. On the right, we report significant group (*), type of dilemma (**) and group × type of dilemma interaction (***) effects for the emotional arousal variable, highlighting lower ratings in ALS patients than HC and higher ratings for instrumental than incidental dilemmas in both groups, with HC showing a greater difference between instrumental and incidental conditions than ALS patients.


About ratings of emotional valence, the result of a 2 × 2 (type of dilemma condition × group) mixed ANOVA showed a significant effect of the type of dilemma [F(1,62) = 19.96, p < 0.001], describing low emotional valence for instrumental dilemmas compared to incidental ones in both groups, while we did not observe significant group and interaction effects. We found no significant effects in personal involvement × group mixed ANOVA.

About evaluation of emotional arousal, the result of a 2 × 2 (type of dilemma condition × group) mixed ANOVA showed a significant effect of both group [F(1,62) = 22.33, p < 0.001] and type of dilemma [F(1,62) = 13.16, p = 0.001], as well as a significant interaction effect [F(1,62) = 6.403, p = 0.014], revealing lower ratings in ALS patients than HC and higher ratings for instrumental than incidental dilemmas in both groups, with HC showing a greater difference between instrumental and incidental conditions than ALS (Figure 1). Results from personal involvement × group mixed ANOVA highlighted a significant effect of group [F(1,62) = 22.33, p < 0.001] with ALS patients showing lower ratings than HC. We did not find a significant effect of the personal involvement nor an interaction effect with group. See Table 2 for further details.


TABLE 2. Performance at moral judgment task in patients and healthy controls.
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DISCUSSION

Moral cognition is still a poorly investigated domain in ALS. Although previous results suggested that ALS patients presented deficits in integrating their moral values into situational conditions, even if their knowledge of rules and ethics dogma is preserved (Semler et al., 2019), the impact of changes in affective processing on decision-making, and specifically related to the moral judgment, has not been estimated yet.

In the present study, we explored moral cognition in ALS patients using one of the most reliable moral tasks (Lotto et al., 2014) and extensively applied on neuropsychiatric populations (Pletti et al., 2017) and healthy aging (McNair et al., 2018), aiming at assessing moral judgment controlling for different variables (i.e., moral acceptability, emotional valence, and arousal).

Our findings provided evidence of different moral judgment behaviors in patients compared to HC. In detail, ALS showed significantly lower yes/no rate of responses both in incidental and instrumental conditions, also considering dilemmas on the basis of personal involvement. At the same time, patients displayed higher levels of moral permissibility than HC, reflecting an overall tendency to judge as more acceptable actions that they would not actually perform. Such a performance may reflect a defective evaluation of the consequences of the moral transgression committed in the scenario. Indeed, patients showed less utilitarian behaviors and more emotion-based evaluations compared to healthy subjects. Although moral judgment is considered to occur quickly as an intuitive automatic response, based on deontological principles rather than being a conscious and rational reasoning process that follows a careful evaluation of the moral situation (Haidt, 2001), the definition of the acceptability of moral actions entails the engagement of specific decision-making competences to calculate the preferable solution (Bretz and Sun, 2018). Rational calculation of moral actions usually results in utilitarian solutions (the greatest good for the greatest number), while emotion-based evaluations imply taking non-utilitarian behaviors, as seen in our patient sample. Preserved social cognition skills are thus crucial to maintain the best efficiency in affective decision-making processes and in moral cognition. The impairments of decision-making processing of moral actions ascribe ALS to a more extensive social cognition dysfunction (Lulé et al., 2005; Papps et al., 2005; Zimmerman et al., 2007; Meier et al., 2010; Palmieri et al., 2010; Cavallo et al., 2011; Girardi et al., 2011; Cerami et al., 2014; Crespi et al., 2014), as also proved by the neuropsychological performances of our sample. About a third of the patient group displayed in fact impaired or borderline performances at emotion recognition and socio-emotional processing tasks. Impairments of such a multifaceted cognitive domain may be underestimated by ECAS battery alone. According to this, an in-depth assessment of social cognition performances in ALS should be systematically promoted.

Our evidence on the emotion arousal subtask of moral dilemmas further confirmed what was previously stated. HC showed higher emotional arousal ratings for both incidental and instrumental conditions compared to ALS patients, with a greater arousal for incidental vs. instrumental dilemmas. Patients showed similar levels of emotional engagement in both conditions. These findings are suggestive of an incipient emotional blunting, which can be clinically observed in a proportion of ALS patients, also at early stages (Phukan et al., 2007; Strong et al., 2009), and that can interfere with the ability to modulate the application of moral principles in a consistent and nuanced manner to the different social situations.

From a cognitive neuroscience perspective, brain substrates underlying cognitive and affective facets of moral cognition (e.g., temporoparietal junction, medial prefrontal cortex, middle temporal gyrus) are common to nodes included in brain networks of both theory of mind (ToM) and empathy (Bzdok et al., 2012). In particular, brain atrophy and changes in white matter integrity in structures supporting socio-affective skills (i.e., ventromedial prefrontal and temporo-limbic cortex and right ventral associative bundles) have proven to occur early in ALS (Cerami et al., 2014; Crespi et al., 2014, 2016). These findings are in line with neuropsychological findings of the present and previous studies indicating reduced emotional engagement, emotion recognition, and attribution in ALS patients (Lulé et al., 2005; Papps et al., 2005; Zimmerman et al., 2007; Palmieri et al., 2010; Girardi et al., 2011; Crespi et al., 2014). Indeed, significant differences in patients compared to controls in the socio-affective component of moral reasoning might reflect anatomo-functional alterations in brain regions normally recruited for the elaboration of socio-emotional stimuli and thus impacting on judgments about moral permissibility of fictitious scenarios (Bzdok et al., 2012).



CONCLUSION

Although the small sample size, the cross-sectional design, and the lack of neuroimaging markers of moral changes limit the generalizability of our findings, we expand current literature (Semler et al., 2019) suggesting for the first time that the presence of deficits in emotion recognition and mental state attribution abilities, and emotional flattening (socio-affective component of moral decision-making) may influence the attitude in evaluating a moral situation (socio-cognitive component of moral decision-making) in ALS patients. Moreover, this study contributes to define the extent and boundaries of the frontotemporal cognitive syndrome in ALS.

Besides its theoretical interest, deficits in the judgment of moral actions entail crucial practical implications for the management of neurological patients and should be appropriately taken into account in the evaluation of therapeutic approaches and critical life choices. Further studies based on clinical settings are needed to confirm our data and estimate in ALS the weight of moral judgment alterations and their relationship with the quality of life and socio-affective disorders at the individual level, particularly with regard to gender effect and disease subtype. Overall, the variable vulnerability to social and non-social cognitive changes observed in ALS patients indicates that larger longitudinal studies are also needed to estimate the impact of moral cognition impairments in real-life situations (e.g., end-life decisions).
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A Type of Dilemma Significant results
Incidental Instrumental

Group ALS HC ALS HC

Affirmative response% 14.28% 88.8% 7.14% 47.22% Group difference (Incidental): x2(4) = 36.70, p < 0.001
Group difference (Instrumental): x2(4) = 14.65, p = 0.005

Moral permissibility 3.15+1.65 2.24 £1.50 2.05+2.31 1.07 £1.08 Group effect: F(1,62) = 6.09, p < 0.001 Type of dilemma
effect: F(1,62) = 46.58, p < 0.001

Emotional arousal 493 +2.34 6.88 +£1.32 5.06 £ 2.70 7.59+1.28 Group effect: F(1,62) = 22.33, p < 0.001 Type of dilemma
effect: F(1,62) = 13.162, p = 0.001 Interaction effect:
F(1,62) = 6.40, p = 0.014

Emotional valence 2.20+1.40 2.22 £1.06 2.00£1.20 1.74 £0.79 Type of dilemma effect: F(1,62) = 19.96, p < 0.001

B Involvement

No self

Group ALS HC ALS HC

Affirmative response% 10.71% 61.11% 10.71% 86.11% Group difference (Self): 2(4) = 18.25, p = 0.001 Group
difference (No self): x2(4) = 38.38, p < 0.001

Moral permissibility 248+ 1.84 1734139 27242086 1.568+1.08 Group effect: F(1,62) = 6.09, p < 0.001

Emotional arousal 5.03 +£2.60 712 +£1.19 4.96 +£2.45 735+ 1.87 Group effect: F(1,62) = 22.33, p < 0.001

Emotional valence 216 +1.87 2.06 +£0.88 2044 1.23 1.90 +£1.02 -

The table reports performances at the moral judgment task and significant results obtained from the analysis of variables of interest (i.e., proportion of affirmative responses,
moral permissibility, emotional arousal, and emotional valence). While (A) shows results from mixed ANOVA considering the type of dilemma (incidental vs. instrumental)
as between variable, (B) reports results from mixed ANOVA considering the personal involvement (self vs. no self-involvement) as between variables. ALS, amyotrophic
lateral sclerosis; HC, healthy control.
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(A) Demographic and clinical features

ALS HC Statistics
Female/Male ratio 3/25 11/25 ¥2(1) = 0.057
Age in years (mean £+ SD) 57.79 +11.72 52.97 £14.08 1(62) = 0.603
Education in years (mean + SD) 11.50 £4.79 897 +317 t(62) = 0.075
Disease duration in years (mean + SD) 1.84 £1.47 - -
Age at the onset (mean + SD) b516:11.64 - -
ALS-FRSr (mean + SD) 29.80 £7.18 - -
(B) Cognitive and behavioral assessment

% out of cutoff score* % borderline score*

Mini mental state examination (mean + SD) 26.29 +£2.44 (6/28) 21.4% =
ECAS-global score (mean + SD) 106.54 +12.49 (4/28) 14.28% (1/28) 3.57%
ECAS-specific (mean + SD) 77.72 £11.09 (4/28) 14.28% (3/28) 10.71%
ECAS-non-specific (mean + SD) 28.61 £3.0 (1/28) 3.57% (3/28) 10.71%
SET global score (mean =+ SD) 12.57 £3.78 (5/28) 17.9% (3/28) 10.7%
SET emotion attribution condition (mean + SD) 4.50 +£1.36 (2/28) 7.1% (5/28) 17.9%
SET intention attribution condition (mean + SD) 4.24 +£1.60 (4/28) 14.3% (6/28) 21.4%
SET causal inference condiition (mean + SD) 3.94 +£1.60 (5/28) 17.9% (4/28) 14.3%
Ek-60F global score (mean + SD) 46.71 £6.70 (4/28) 14.3% (2/28) 7.1%

The table reports, (A) demographic information for patients and controls, as well as clinical characteristics of the patient group. (B) lllustrates scores obtained from
the cognitive and behavioral assessment in patients, reporting mean and standard deviation (SD), the proportion of patients scoring out of the cutoff score and that of
patients obtaining a borderline score. ALS, amyotrophic lateral sclerosis; HC, healthy control; ALS-FRSr, ALS functional rating scale revised; ECAS, Edinburgh cognitive
and behavioral ALS screen battery; SET, story-based empathy task; Ek-60F, Ekman 60 Faces test. *percentage of patients obtaining an impaired/borderline performance
was computed according to the Italian normative values.
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