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A B S T R A C T   

In the present study we investigated emotion recognition in pure motor amyotrophic lateral sclerosis (ALS) 
patients and its relationship with the integrity of basal ganglia, hippocampus and amygdala. Twenty ALS patients 
without either cognitive or behavioural impairment, and 52 matched healthy controls performed a neuropsy-
chological assessment including the Comprehensive Affect Testing System (CATS) investigating emotion 
recognition. All participants underwent also a 3T brain MRI. Volumes of basal ganglia, hippocampus and 
amygdala bilaterally were measured using FIRST in FSL. Sociodemographic, cognitive and MRI data were 
compared between groups. In ALS patients, correlations between CATS significant findings, brain volumes, 
cognition, mood and behaviour were explored. ALS patients showed altered performances at the CATS total score 
and, among the investigated emotions, patients were significantly less able to recognize disgust compared with 
controls. No brain volumetric differences were observed between groups. In ALS patients, a lower performance in 
disgust recognition was related with a reduced volume of the left pallidum and a lower performance on the 
Edinburgh Cognitive and Behavioural ALS Screen. Cognitively/behaviourally unimpaired ALS patients showed 
impaired disgust recognition, which was associated with pallidum volume. The association with cognitive al-
terations may suggest impaired disgust recognition as an early marker of cognitive decline.   

1. Introduction 

Alterations of socioemotional behaviour are important early features 
of frontotemporal lobar degeneration (FTLD), particularly of the 
behavioural variant of frontotemporal dementia (FTD) and the semantic 
variant of primary progressive aphasia (Werner et al., 2007). Social 
cognition deficits have been reported also in amyotrophic lateral scle-
rosis (ALS) patients as alterations in theory of mind and emotion pro-
cessing (Girardi et al., 2011). The first studies on emotion processing in 
ALS are dated back to 2005 (Lule et al., 2005; Papps et al., 2005), and up 
to date several investigations reported emotion perception impairment 
in ALS (Aho-Özhan et al., 2016; Andrews et al., 2017; Crespi et al., 2014; 

Crespi et al., 2016; Girardi et al., 2011; Lule et al., 2005; Oh et al., 2016; 
Palmieri et al., 2010; Zimmerman et al., 2007), such as emotion 
recognition (both facial and prosodic), emotion attribution, and reduced 
psychophysiological excitability to emotional stimuli (Benbrika et al., 
2019). According to a recent meta-analysis, the most frequent alteration 
in ALS patients is in facial recognition for disgust and surprise (Bora, 
2017), followed by inability in recognizing anger (Andrews et al., 2017; 
Crespi et al., 2014; Girardi et al., 2011; Oh et al., 2016; Savage et al., 
2014; Zimmerman et al., 2007) and sadness (Aho-Özhan et al., 2016; 
Andrews et al., 2017; Oh et al., 2016; Zimmerman et al., 2007). On the 
other hand, recognition of fear and happiness seems to be relatively 
spared (Aho-Özhan et al., 2016; Girardi et al., 2011). Although emotion 
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processing deficits in ALS have been observed both in patients with and 
without cognitive impairment (Andrews et al., 2017; Crespi et al., 2014; 
Crespi et al., 2016; Girardi et al., 2011), whether they appear before 
and/or regardless of cognitive and behavioural abnormalities is still not 
clear. 

Previous MRI studies on emotion processing in ALS reported asso-
ciations with the neurodegeneration of cortical and limbic brain struc-
tures. Specifically, in ALS patients an increased emotion attribution 
ability was related to greater gray matter (GM) density of the right 
fronto-insular and anterior cingulate cortices (Cerami et al., 2014). 
Furthermore, two diffusion tensor imaging studies (Crespi et al., 2014; 
Crespi et al., 2016) observed a relationship between emotion recogni-
tion difficulties in ALS patients and microstructural changes in ventral 
associative bundles connecting occipital, temporo-limbic and orbito-
frontal regions of the right hemisphere. Finally, task-based functional 
MRI (fMRI) studies including paradigms which present emotional 
words, Ekman’s faces or pictures of people in social situations (Aho- 
Özhan et al., 2016; Lule et al., 2007; Palmieri et al., 2010) reported 
higher activation in the bilateral inferior frontal gyrus and right supra-
marginal area, and reduced activation in the bilateral hippocampus and 
extrastriate visual areas in ALS patients compared with healthy controls. 

In ALS, basal ganglia damage appears in the stages 3 and 4 of TDP-43 
pathology (Brettschneider et al., 2013) and was confirmed by several 
MRI studies (Bede et al., 2013a; Bede et al., 2013b; Verstraete et al., 
2014; Westeneng et al., 2015). Structural and task-based functional MRI 
investigations (Abidi et al., 2020; Feron et al., 2018) highlighted a role 
of basal ganglia in mediating extra-pyramidal motor manifestations and 
gait impairment in ALS. Recent works found correlations between 
cognitive deficits, apathy and basal ganglia damage (Machts et al., 
2015) or frontostriatal circuits (Castelnovo et al., 2020) in ALS patients 
(Castelnovo et al., 2020; Machts et al., 2015). Regional shape contrac-
tions of the bilateral pallidum, right putamen, and right accumbens were 
recently observed in cognitively/behaviourally unimpaired ALS patients 
compared to controls, suggesting that basal ganglia are involved early in 
the disease course (Tae et al., 2020). Due to the growing attention on 
basal ganglia, we decided to focus the present work on these brain 
regions. 

In a sample of early diagnosed ALS patients without cognitive and 
behavioural deficits, the aim of our study was twofold: 1) to identify 
which emotions are altered in ALS compared to healthy controls; and 2) 
to investigate the relationship between emotion recognition and the 
integrity of basal ganglia, hippocampus and amygdala. For these pur-
poses, we used a specific battery, the Comprehensive Affect Testing 
System (CATS), which investigates several subcomponents of the 
emotion processing. 

2. Materials and methods 

2.1. Participants 

From a sample of 72 MND cases prospectively recruited at IRCCS San 
Raffaele Scientific Institute in Milan, Italy, from 2017 to 2019, we 
selected 20 sporadic ALS patients (Brooks et al., 2000) with no signifi-
cant respiratory failure. We included only patients with available clin-
ical assessment, neuropsychological assessment including an evaluation 
of emotion processing (see details below) and brain 3T MRI scan, with 
no cognitive and/or behavioural impairment according to Strong’s 
criteria (Strong et al., 2017), and no mood alterations. All patients were 
screened for known pathogenic mutations, including C9orf72. Fifty-two 
healthy controls, age-, sex-, and education-matched with patients were 
recruited among non-consanguineous relatives and by word of mouth 
based on the following criteria: normal neurological exam, mini mental 
state examination (MMSE) score ≥ 28, and no family history for 
neurodegenerative diseases. Healthy controls underwent neuropsycho-
logical assessment and brain MRI scan. All participants were excluded if 
they had significant medical illnesses or substance abuse that could 

interfere with cognitive functioning; any (other) major systemic, psy-
chiatric, or neurological illnesses; and (other) causes of focal or diffuse 
brain damage, including cerebrovascular disease at conventional MRI 
scans. No participants were excluded for motion-related artifacts in the 
MR images. 

2.1.1. Standard protocol approvals, registrations, and patient consents 
Local ethical standards committee on human experimentation 

approved the study protocol and all participants provided written 
informed consent (Ethical committee numbers: GR-2013-02357415 and 
StG-2016_714388_NeuroTRACK). 

2.2. Clinical assessment 

Disease severity in patients was assessed using the ALS Functional 
Rating Scale-revised (ALSFRS-R, with a maximum score of 48) (Cedar-
baum et al., 1999). The rate of disease progression was defined ac-
cording to the following formula: (48–ALSFRS-R score)/time between 
symptom onset and first visit. 

2.3. Genetic analysis 

Blood samples were collected from all patients and healthy controls. 
The presence of GGGGCC hexanucleotide expansion in the first intron of 
C9orf72 was assessed using a repeat-primed polymerase chain reaction 
(PCR) assay (Renton et al., 2011). A cut-off of ≥ 30 repeats combined 
with a typical saw-tooth pattern was considered pathological. In addi-
tion, the coding sequences and intron/exon boundaries of GRN, MAPT, 
TARDBP, SOD1, FUS, TBK1, TREM2, OPTN and VCP genes were ampli-
fied by PCR using optimized protocols, looking for known pathogenic 
mutations (Pozzi et al., 2017). 

2.4. Cognitive and behavioural assessment 

Neuropsychological assessments were performed by experienced 
neuropsychologists, unaware of the MRI results. Cognitive evaluation 
consisted in the administration of a comprehensive neuropsychological 
battery in order to define performance differences in patients and con-
trols, and the potential presence of cognitive and/or behavioural 
impairment according to Strong’s criteria in ALS patients (Strong et al., 
2017). 

In the neuropsychological battery, the following cognitive functions 
were administered to patients as previously described (Castelnovo et al., 
2021): global cognitive functioning with the MMSE and the Edinburgh 
Cognitive and Behavioural ALS Screen (ECAS); long and short term 
verbal memory with the Rey Auditory Verbal Learning Test and the digit 
span forward, respectively; executive functions with the digit span 
backward, the Cognitive Estimation Task (CET), the Modified Card 
Sorting Test; fluency with the phonemic and semantic fluency tests and 
the relative fluency indices (controlling for individual motor disabil-
ities); language with the confrontation naming subtests of Italian battery 
for the assessment of aphasic disorders (BADA); emotion processing with 
the CATS; mood with the Hamilton Depression Rating Scale (HDRS); and 
the presence of behavioural disturbances with the Amyotrophic Lateral 
Sclerosis-Frontotemporal Dementia-Questionnaire (ALS-FTD-Q) 
administered to patients’ caregivers. Healthy controls underwent the 
entire assessment except for the ECAS, CET and BADA subtests; more-
over, in healthy controls the Beck Depression Inventory (BDI) was used 
to assess mood. 

The CATS is a battery which investigates different aspects of the 
emotion processing by using the Ekman’s faces expressing the six basic 
emotions (disgust, surprise, happiness, anger, fear and sadness) (From-
ing et al., 2006). From this battery, we selected and administered six 
subtests: identity discrimination (which is the control condition that 
investigates the correct discrimination of faces with no emotion 
involvement), affect discrimination, affect naming, affect matching, 
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affect selection, affect confrontation (Fig. 1). 
Based on the number of correct answers, we obtained a total score 

and specific scores for each CATS subdomain. Finally, composite scores 
were calculated by summing up the correct answers for each of the six 
basic emotions. 

2.5. MRI acquisition 

Using a 3.0 T scanner (Ingenia CX, Philips), the following brain MRI 
sequences were obtained from all participants: 3D T1-weighted (TFE) 
(TR = 7 ms; TE = 3.2 ms; flip angle = 9 [degrees]; 204 contiguous 
sagittal slices with voxel size = 1 × 1 × 1 mm, matrix size = 256 × 240, 
FOV = 256x240 mm2); 3D FLAIR (TR = 4800 ms; TE = 267 ms; TI =
1650 ms; ETL = 167; NEX = 2; 192 contiguous sagittal slices with voxel 
size = 0.89 × 0.89 × 1 mm, matrix size = 256 × 256, FOV = 256x256 
mm2); 3D T2 (TR = 2500 ms; TE = 330 ms; ETL = 117; NEX = 1; 192 
contiguous sagittal slices with voxel size = 0.89 × 0.89 × 1 mm, matrix 
size = 256 × 258, FOV = 256x256 mm2). 

2.6. MRI analysis 

MRI analysis was performed at the Neuroimaging Research Unit, 
IRCCS Scientific Institute San Raffaele, Milan, Italy. The potential 
presence of white matter hyperintensities was evaluated on 3D FLAIR 
and 3D T2-weighted images. FMRIB’s Integrated Registration and Seg-
mentation Tool (FIRST) in FSL (http://www.fmrib.ox.ac.uk/fsl/first/i 
ndex.html) was applied to TFE images of each subject and used to 
automatically segment GM regions, i.e., caudate, pallidum, putamen, 
thalamus and nucleus accumbens, amygdala and hippocampus, bilat-
erally. Mean GM volumes were calculated and multiplied by the 
normalization factor derived from SIENAx to correct for subject head 
size (http://www. fmrib.ox.ac.uk/fsl/sienax/index.html). 

2.7. Statistical analysis 

To compare the sociodemographic characteristics, cognitive perfor-
mances and MRI data between groups, we used Kruskal-Wallis one-way 
ANOVA models followed by post-hoc pairwise comparisons (using U test 
of Mann–Whitney and Bonferroni-correction for multiple comparisons) 
and Fisher’s exact test for continuous and categorical variables, 
respectively. 

In ALS patients and controls, CATS significant findings were corre-
lated with the volumes of basal ganglia, hippocampus and amygdala, 
patients’ performances at the ECAS, patients’ mood (HDRS) and 
behaviour (ECAS behaviour score and ALS-FTD-Q) using Pearson’s 
correlation analysis. The statistical analyses were performed with using 

SPSS software (version 24.0; IBM Corp., Armonk, NY, USA). All analyses 
were performed with using the same models also excluding those pa-
tients with C9orf72 mutation. 

3. Results 

ALS patients and healthy controls were similar in age, sex and edu-
cation (Table 1). Two patients were C9orf72 mutation carriers. Ac-
cording to Strong’s criteria (Strong et al., 2017), none of the patients 
were classified as cognitively and/or behaviourally impaired. No pa-
tients nor controls showed depression according to self-administered 
questionnaires (HDRS or BDI) and/or clinical interview. At the time of 
the visit, 25% of patients were on stable SSRI-type antidepressants and 
5% on benzodiazepines. The neuropsychological assessment reveals that 
patients performed similarly to controls in all considered cognitive do-
mains (Table 1). 

At the CATS, patients performed worse than controls in the total 
score, affect selection and affect matching subtests (Table 2). When the 
emotion target was disgust, patients provided less correct answers than 
controls (Table 2). 

These latter differences remained significant when the analyses were 
re-run without the two C9orf72 patients (p = 0.04). For the other target 
emotions, the two groups showed similar scores. 

ALS patients and controls did not differ in any of the investigated GM 
volumes (Table 3). 

In ALS patients, a positive relationship was observed between the 
disgust correct recognition at the CATS (number of correct answers 
when disgust was the emotion target) and the volume of the left pal-
lidum (Fig. 2). When this analysis was re-run without the two C9orf72 
patients, a trend toward statistical significance was observed (r = 0.459; 
p = 0.056). Furthermore, in ALS patients, a positive relationship was 
found between disgust correct recognition at the CATS and patients’ 
performance at the ECAS ALS-specific and executive functions scores 
(ECAS was administered to 17 patients; Fig. 2). 

When these analysis were re-run without the two C9orf72 patients, a 
significant correlation was still observed (r = 0.625; p = 0.013 and r =
0.659; p = 0.01, respectively). In patients, no relationships were 
observed between CATS disgust correct recognition and degree of 
depression and behavioural disturbances assessed with the ECAS and 
ALS-FTD-Q (ALS-FTD-Q was administered to 18 patients). In controls, 
no relationship was observed between disgust correct recognition at the 
CATS and the volumes of the pallidum. 

4. Discussion 

In a sample of cognitively and behaviourally unimpaired patients 

Fig. 1. The six subtests of the Comprehensive Affect Testing System (CATS). For illustrative purposes, the stimuli represent an adaptation of the original version.  
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with ALS, we observed an altered ability to correctly recognize disgust 
and a potential role of the basal ganglia, specifically of the left pallidum, 
in the altered processing of this emotion. 

The finding of disgust recognition difficulties in ALS patients is in 
line with previous studies, which investigated the emotional processing 
in these patients, mainly during the processing of facial expressions from 
the Ekman’s series (Aho-Özhan et al., 2016; Andrews et al., 2017; Crespi 
et al., 2014; Girardi et al., 2011; Oh et al., 2016; Zimmerman et al., 
2007). What should be underlined about the impairment in recognising 
emotions, and specifically disgust in ALS, are the clinical implications on 
everyday life for patients and caregivers. Disgust is an adaptative 
emotion, which together with fear, has implications for human survival 
since the origin of our species (Castillo-Huitron et al., 2020). It is 
considered as a “moral” emotion, since it helps us to react toward 
something representing a risk-like situation, act and people, by pro-
ducing strong internal signals of avoidance (Eckart et al., 2012; Rozin 
et al., 2009). Given that everyday life often requires us to identify the 
emotions of several faces, these difficulties, even if subtle, could have a 
negative impact on social interactions, and also important moral im-
plications. Awareness of difficulties in emotion processing becomes 
crucial in life-limiting and physically debilitating diseases as ALS, where 
keeping social relationships is fundamental to safeguard good quality of 
life (Swinnen and Robberecht, 2014). Since emotional and social deficits 
may lead to poorer quality of life and increased carer burden (Caga et al., 
2019), the study of social cognition in ALS has been focus of increasing 

Table 1 
Sociodemographic, clinical and cognitive features of the sample.   

Healthy 
controls 

ALS 
patients 

F 
value 

Effect 
size 

P 
value 

N 52 20  –  –  – 
Sex [women] 33 (63%) 11 (55%)  0.435  0.006  0.35 
Age at MRI [years] 60.36 ±

8.49 
57.98 ±
11.35  

0.819  0.012  0.37 

Education [years] 12.40 ±
3.79 

12.55 ±
4.99  

0.124  0.002  0.73 

Handedness 
[right] 

50 (96%) 20 (100%)    

Disease duration 
[months] 

– 25.64 ±
18.18  

–  –  – 

ALSFRS-R, 0–48 – 39.00 ±
7.53  

–  –  – 

Disease 
progression rate 

– 0.53 ±
0.47  

–  –  – 

Site of onset, limb – 86%  –  –  – 
Global cognition      
MMSE 29.36 ±

0.80 
28.63 ±
1.80  

1.946  0.29  0.16 

ECAS,* Language – 24.65 ±
3.94  

–  –  – 

ECAS,* Fluency – 19.65 ±
2.76  

–  –  – 

ECAS,* Executive 
functions 

– 38.65 ±
3.46  

–  –  – 

ECAS,* ALS-specific 
functions 

– 82.65 ±
8.29  

–  –  – 

ECAS,* Memory – 18.47 ±
2.92  

–  –  – 

ECAS,* Visuospatial – 11.53 ±
0.62  

–  –  – 

ECAS,* ALS non- 
specific functions 

– 30.00 ±
3.04  

–  –  – 

ECAS,* total score – 111.82 ±
10.06  

–  –  – 

Memory      
Digit span, forward 5.96 ± 1.07 5.56 ±

1.34  
1.886  0.028  0.17 

Digit span, 
backward 

4.82 ± 1.20 4.56 ±
0.98  

0.461  0.007  0.50 

RAVLT, immediate 49.62 ±
7.08 

45.95 ±
9.02  

2.521  0.037  0.11 

RAVLT, delayed 10.92 ±
2.42 

9.95 ±
2.06  

2.945  0.043  0.09 

Executive function      
CET – 13.36 ±

3.48  
–  –  – 

MCST, perseverative 
responses 

3.52 ± 3.63 4.71 ±
6.49  

0.133  0.002  0.72 

Language      
BADA (nouns) – 28.86 ±

1.22  
–  –  – 

BADA (actions) – 27.71 ±
1.50  

–  –  – 

Fluency      
Phonemic fluency, 

Index 
5.10 ± 1.84 4.22 ±

1.56  
3.474  0.062  0.06 

Semantic fluency, 
Index 

3.81 ± 1.58 4.12 ±
1.48  

0.434  0.008  0.51 

Mood & Behaviour      
BDI 7.04 ± 4.81 –  –  –  – 
HDRS – 4.68 ±

2.69  
–  –  – 

ECAS,* behaviour 
score 

– 0.19 ±
0.40  

–  –  – 

ALS-FTD-Q – 8.10 ±
13.11  

–  –  – 

Values denote mean ± standard deviations or numbers (frequency). P values 
refer to Kruskal-Wallis one-way ANOVA models followed by post-hoc pairwise 
comparisons (using U test of Mann–Whitney and Bonferroni-correction for 
multiple comparisons) and Fisher’s exact test for continuous and categorical 
variables, respectively. *ALS-FTD-Q was administered to 18 patients. *ECAS was 
administered to 17 patients. Abbreviations: ALS = Amyotrophic Lateral Scle-
rosis; ALSFRS-R = ALS Functional Rating Scale Revised; ALS-FTD-Q =

Amyotrophic Lateral Sclerosis-Frontotemporal Dementia-Questionnaire; BADA 
= Italian battery for the assessment of aphasic disorders; BDI = Beck Depression 
Inventory; CET = Cognitive Estimation Task; ECAS = Edinburgh cognitive and 
behavioural ALS screen; HDRS = Hamilton depression rating scale; MCST =
Modified Card Sorting Test; MMSE = Mini Mental State Examination; MRI =
Magnetic Resonance Imaging; RAVLT = Rey Auditory Verbal Learning Test. 

Table 2 
Performances of healthy controls and ALS patients at the Comprehensive Affect 
Testing System.   

Healthy 
controls 

ALS 
patients 

F 
value 

Effect 
size 

P 
value 

CATS Total score 56.79 ±
4.77 

53.05 ±
5.08  

8.766  0.123  0.003 

CATS Identity 
Discrimination 

11.81 ±
0.40 

11.45 ±
1.05  

1.522  0.021  0.22 

CATS Affect 
Discrimination 

11.59 ±
0.98 

10.95 ±
0.95  

2.654  0.037  0.10 

CATS Affect Naming 4.63 ± 0.97 4.50 ±
1.15  

0.247  0.003  0.62 

CATS Affect 
Selection 

5.52 ± 0.67 5.05 ±
0.95  

4.166  0.059  0.04 

CATS Affect 
Matching 

9.31 ± 1.92 8.05 ±
1.40  

7.950  0.112  0.005 

CATS Affect 
Confrontation 

14.23 ±
3.04 

13.05 ±
3.35  

2.617  0.037  0.11 

Disgust, correct 
answers (0–9) 

5.85 ± 1.50 4.75 ±
1.83  

6.060  0.085  0.01 

Surprise, correct 
answers (0–8) 

6.56 ± 1.34 6.35 ±
0.93  

1.458  0.021  0.23 

Happiness, correct 
answers (0–9) 

8.65 ± 0.52 8.45 ±
0.69  

1.309  0.018  0.25 

Anger, correct 
answers (0–10) 

5.69 ± 2.11 4.80 ±
1.61  

3.053  0.043  0.08 

Fear, correct 
answers (0–8) 

5.15 ± 1.29 5.45 ±
1.28  

0.564  0.008  0.45 

Sadness, correct 
answers (0–9) 

6.90 ± 1.54 6.10 ±
1.89  

2.622  0.037  0.11 

Values denote mean ± standard deviations. P values refer to Kruskal-Wallis one- 
way ANOVA models followed by post-hoc pairwise comparisons (using U test of 
Mann–Whitney and Bonferroni-correction for multiple comparisons). BOLD p 
values denote significant differences between groups at p < 0.05. Abbreviations: 
ALS = Amyotrophic Lateral Sclerosis; CATS = Comprehensive Affect Testing 
System. 
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attention over the past few years. Changes in emotional processing in 
ALS have been described in an early report by Lulè and colleagues (Lule 
et al., 2005), who demonstrated that patients judged socio-emotional 
stimuli as more positive than controls and exhibited reduced subjec-
tive arousal. Caregivers of ALS patients meeting also criteria for FTD 
described a significant reduction of their empathic concern and 
perspective-taking abilities after disease onset (Arshad et al., 2020). 

From the current literature, we know that impairment in empathy, 
emotion recognition, fluency and executive functions are present also in 
non-demented ALS, sharing similarities with behavioral changes and 
cognitive decline in bvFTD (Beeldman et al., 2018). Thus, studies 
examining management of bvFTD may be relevant to ALS, though 
caution should be used in extrapolating their conclusions. 

Disgust-recognition alterations have been previously reported in a 

Table 3 
Gray matter volumes in healthy controls and ALS patients.   

Healthy controls ALS patients F value Effect size P value 

L caudate 4427.33 ± 388.76 4534.65 ± 500.52  0.710  0.010  0.40 
L pallidum 2391.91 ± 253.82 2450.66 ± 280.97  0.913  0.013  0.34 
L putamen 6489.57 ± 595.81 6410.40 ± 556.56  0.031  0.000  0.86 
L accumbens 694.62 ± 129.06 649.88 ± 126.93  1.089  0.015  0.30 
L thalamus 10509.67 ± 819.14 10168.84 ± 523.05  2.201  0.031  0.14 
L hippocampus 5228.55 ± 665.85 5069.76 ± 378.92  2.164  0.030  0.14 
L amygdala 1793.19 ± 243.30 1731.25 ± 223.50  1.089  0.000  0.30 
R caudate 4690.06 ± 421.20 4792.63 ± 542.87  0.266  0.004  0.61 
R pallidum 2420.09 ± 274.77 2444.17 ± 291.22  0.162  0.002  0.69 
R putamen 6262.95 ± 562.95 6290.94 ± 526.22  0.003  0.000  0.96 
R accumbens 530.60 ± 129.39 498.75 ± 121.47  0.710  0.010  0.40 
R thalamus 10206.60 ± 835.17 9767.73 ± 543.74  3.416  0.048  0.07 
R hippocampus 5309.90 ± 691.76 5094.08 ± 368.83  3.098  0.044  0.08 
R amygdala 1692.05 ± 294.43 1707.46 ± 262.09  0.013  0.000  0.91 

Values (mm3) denote mean ± standard deviations. P values refer to Kruskal-Wallis one-way ANOVA models followed by post-hoc pairwise comparisons (using U test of 
Mann–Whitney and Bonferroni-correction for multiple comparisons). Abbreviations: ALS = Amyotrophic Lateral Sclerosis. 

Fig. 2. Region of interest (left pallidum) overlaid on the Montreal Neurological Institute template (A); relationship between disgust recognition and volume of the 
left pallidum (B) and between disgust recognition and ECAS ALS-specific and executive function score (C and D, respectively). R values are Pearson’s correlation 
coefficients. ECAS scores were available for 17 patients only. Abbreviations: CATS = Comprehensive Affect Testing System; GM = grey matter; ECAS = Edinburgh 
cognitive and behavioural ALS screen. 
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sample of bulbar ALS patients in whom the half presented dementia 
(Zimmerman et al., 2007), in a sample of non-demented sporadic ALS of 
which only 14/22 were pure motor (Crespi et al., 2014), and in a sample 
of Korean ALS patients who presented different levels of cognitive 
dysfunction (Oh et al., 2016). The absence of impairment in cognition, 
behaviour and in the recognition of other emotions in our sample sug-
gests that disgust could be the first emotion that ALS patients mis-
recognize in the course of the disease. The relationship we observed 
between the altered disgust recognition and the performance at the 
ECAS ALS-specific score and ECAS executive functions score, may sug-
gest impaired disgust recognition as an early marker of cognitive 
decline. Therefore, from a clinical point of view, it would be important 
to assess regularly cognition, including social cognition and, in partic-
ular, emotional processing, also in those patients without manifest 
cognitive deficits. 

There is an ongoing debate about whether impaired emotion 
recognition in neurodegenerative disorders, such as ALS, is linked to a 
more general cognitive decline or if it is independent of other cognitive 
processes. Specifically, some researchers suggested a causative role of 
executive dysfunctions in the social cognition impairment in ALS pa-
tients (Bora, 2017; Savage et al., 2014; Watermeyer et al., 2015), others 
reported social cognitive impairment, in absence of frontal lobe dys-
functions (Consonni et al., 2016; Girardi et al., 2011; Lule et al., 2005). 
On the other hand, a relationship was not observed with the degree of 
depression or behavioural disturbances. Larger longitudinal studies are 
needed to confirm the specificity of disgust recognition deficit in ALS 
and its predictive value. 

In our study, we observed an association between disgust recognition 
ability and the pallidum volume in ALS patients, while such a finding 
was not present in controls. Thus, this relationship was unique for pa-
tients only and could reflect an initial vulnerability of this brain region 
in cognitively and behavioural unimpaired ALS with starting emotional 
processing failure. Several studies define the anteroventral insula as a 
point of convergence for disgust, which has reciprocal connections with 
several other brain regions including the somatomotor orofacial area 
and the pallidum, both involved in disgust sensitivity (Calder et al., 
2007). According to a meta-analysis of 106 positron emission tomogra-
phy and fMRI studies on human emotions, the most consistently acti-
vated regions for facial expression of disgust are insula/operculum and 
pallidum (Murphy et al., 2003). More specifically, several studies define 
the ventral pallidum as an “hedonic hot spot,” which supports the sen-
sory experience of disgust, controlling negative motivation to produce 
avoidance behaviour (Calder et al., 2007; Ho and Berridge, 2014; 
Holtmann et al., 2020). 

Interestingly, disgust misrecognition in our patients was related with 
the left pallidum volume. One prominent set of functional neuroimaging 
studies supported a left rather than a right activation of insular cortex to 
disgust stimuli (Royet et al., 2003; Small et al., 2003; Sprengelmeyer 
et al., 1998; Wicker et al., 2003). This was also observed in a study 
where authors applied a direct electrical stimulation of the insula in 
awake surgery in patients with a left hemisphere tumor, which 
demonstrated a selective decrease of disgust recognition, compared to 
other emotional facial expressions (Papagno et al., 2016). Furthermore, 
a recent study reported that left-lesioned patients in the insular cortex- 
basal ganglia complex presented significantly lower disgust composite 
scores compared to right-lesioned patients, or healthy controls, and 
suggested a primarily left-hemispheric basis of disgust (Holtmann et al., 
2020). Authors attributed this lateralized functional difference to a po-
tential psychobiological mechanism. They suggested that, since the left 
insular cortex supports the modulation of the parasympathetic tone, and 
since the activation of the parasympathetic nervous system is essential in 
initiating disgust responses, the lesions to the left insular cortex could 
alter the integration of information necessary to successfully process 
disgust (Guo et al., 2016; Holtmann et al., 2020). Finally, an effect of 
handedness on hemispheric specialization for disgust processing cannot 
be ruled out. However, this has not been demonstrated yet since all 

studies on disgust, including the present, involved mainly right-handers. 
One of the major limitations of our study is the relatively small 

sample size, which could have led to negative findings. Second, it is a 
cross-sectional study, thus the evolving trajectory of emotion recogni-
tion deficits in these patients as well as their ability to predict ALS 
prognosis should be further investigated. Third, no volumetric differ-
ences between ALS patients and controls were observed. However, the 
unique association between pallidum volume and disgust recognition in 
our group of patients suggests a potential role of this subcortical region 
in the early alterations of emotional processing in ALS. Finally, we could 
not identify which emotions (among fear, anger, surprise, happiness and 
sadness) were more frequently confused with disgust, since the CATS 
has not been implemented with this purpose. 

5. Conclusions 

In conclusion, this is the first study which demonstrates an altered 
ability to correctly recognize disgust and a potential role of the left 
pallidum in the altered processing of this emotion in a sample of 
cognitively and behaviourally unimpaired ALS patients. Although the 
specific involvement of disgust (and not of other emotions) in pure 
motor ALS needs to be confirmed, these findings, together with the 
relationship between the altered disgust recognition with worse ECAS 
performance, suggest that disgust could be one of the first emotion that 
ALS patients fail to recognize in the course of the cognitive decline. 
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Sabatelli, M., Heckerman, D., Rogaeva, E., Zinman, L., Rothstein, J., Sendtner, M., 
Drepper, C., Eichler, E., Alkan, C., Abdullaev, Z., Pack, S., Dutra, A., Pak, E., 
Hardy, J., Singleton, A., Williams, N., Heutink, P., Pickering-Brown, S., Morris, H., 
Tienari, P., Traynor, B., 2011. A Hexanucleotide Repeat Expansion in C9ORF72 Is 
the Cause of Chromosome 9p21-Linked ALS-FTD. Neuron 72 (2), 257–268. 

Royet, J.-P., Plailly, J., Delon-Martin, C., Kareken, D.A., Segebarth, C., 2003. fMRI of 
emotional responses to odors: NeuroImage 20 (2), 713–728. 

Rozin, P., Haidt, J., Fincher, K., 2009. Psychology. From oral to moral. Science 323 
(5918), 1179–1180. 

V. Castelnovo et al.                                                                                                                                                                                                                             

http://refhub.elsevier.com/S2213-1582(21)00247-3/h0005
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0005
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0005
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0005
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0010
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0010
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0010
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0010
https://doi.org/10.1037/neu0000323
https://doi.org/10.1159/000511329
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0025
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0025
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0025
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0025
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0025
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0030
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0030
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0030
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0035
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0035
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0035
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0035
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0040
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0040
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0040
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0045
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0045
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0055
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0055
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0055
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0055
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0055
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0060
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0060
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0060
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0065
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0065
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0070
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0070
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0070
https://doi.org/10.1016/j.nicl.2020.102509
https://doi.org/10.1016/j.nicl.2020.102509
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0080
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0080
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0080
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0080
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0080
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0085
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0085
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0090
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0090
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0090
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0095
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0095
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0095
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0095
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0100
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0100
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0100
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0105
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0105
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0105
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0105
https://doi.org/10.1371/journal.pone.016103410.1371/journal.pone.0161034.g00110.1371/journal.pone.0161034.g00210.1371/journal.pone.0161034.g00310.1371/journal.pone.0161034.t00110.1371/journal.pone.0161034.t00210.1371/journal.pone.0161034.t00310.1371/journal.pone.0161034.s001
https://doi.org/10.1371/journal.pone.016103410.1371/journal.pone.0161034.g00110.1371/journal.pone.0161034.g00210.1371/journal.pone.0161034.g00310.1371/journal.pone.0161034.t00110.1371/journal.pone.0161034.t00210.1371/journal.pone.0161034.t00310.1371/journal.pone.0161034.s001
https://doi.org/10.1371/journal.pone.016103410.1371/journal.pone.0161034.g00110.1371/journal.pone.0161034.g00210.1371/journal.pone.0161034.g00310.1371/journal.pone.0161034.t00110.1371/journal.pone.0161034.t00210.1371/journal.pone.0161034.t00310.1371/journal.pone.0161034.s001
https://doi.org/10.1371/journal.pone.016103410.1371/journal.pone.0161034.g00110.1371/journal.pone.0161034.g00210.1371/journal.pone.0161034.g00310.1371/journal.pone.0161034.t00110.1371/journal.pone.0161034.t00210.1371/journal.pone.0161034.t00310.1371/journal.pone.0161034.s001
https://doi.org/10.1371/journal.pone.016103410.1371/journal.pone.0161034.g00110.1371/journal.pone.0161034.g00210.1371/journal.pone.0161034.g00310.1371/journal.pone.0161034.t00110.1371/journal.pone.0161034.t00210.1371/journal.pone.0161034.t00310.1371/journal.pone.0161034.s001
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0115
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0115
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0115
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0120
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0120
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0120
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0120
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0120
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0125
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0125
https://doi.org/10.1037/a0020357
https://doi.org/10.1037/a0020357
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0135
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0135
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0135
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0135
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0140
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0140
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0140
https://doi.org/10.3389/fpsyg.2020.0142910.3389/fpsyg.2020.01429.s001
https://doi.org/10.3389/fpsyg.2020.0142910.3389/fpsyg.2020.01429.s001
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0150
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0150
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0150
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0155
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0155
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0155
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0160
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0160
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0160
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0160
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0165
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0165
https://doi.org/10.3988/jcn.2016.12.3.295
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0175
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0175
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0175
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0175
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0180
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0180
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0180
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0185
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0185
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0185
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0190
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0190
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0190
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0190
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0190
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0190
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0195
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0195
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0195
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0195
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0195
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0195
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0195
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0195
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0195
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0195
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0195
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0195
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0195
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0195
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0200
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0200
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0205
http://refhub.elsevier.com/S2213-1582(21)00247-3/h0205


NeuroImage: Clinical 32 (2021) 102803

8

Savage, S.A., Lillo, P., Kumfor, F., Kiernan, M.C., Piguet, O., Hodges, J.R., 2014. Emotion 
processing deficits distinguish pure amyotrophic lateral sclerosis from 
frontotemporal dementia. Amyotroph. Lateral Scler. Frontotemporal Degeneration 
15 (1-2), 39–46. 

Small, D.M., Gregory, M.D., Mak, Y.E., Gitelman, D., Mesulam, M.M., Parrish, T., 2003. 
Dissociation of neural representation of intensity and affective valuation in human 
gustation. Neuron 39 (4), 701–711. 

Sprengelmeyer, R., Rausch, M., Eysel, U.T., Przuntek, H., 1998. Neural structures 
associated with recognition of facial expressions of basic emotions. Proc. Biol. Sci. 
265 (1409), 1927–1931. 

Strong, M.J., Abrahams, S., Goldstein, L.H., Woolley, S., Mclaughlin, P., Snowden, J., 
Mioshi, E., Roberts-South, A., Benatar, M., HortobáGyi, T., Rosenfeld, J., Silani, V., 
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