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ABSTRACT

Objectives: This study aimed to compare social cognition and apathy between patients with amyotrophic lateral sclerosis (ALS)
without dementia and healthy controls (HCs).

Patients and methods: This cross-sectional study examined 17 patients (9 males, 8 females; median age: 58 years;
range, 31 to 70 years) with ALS and 34 HCs (19 males, 15 females; median age: 58.5 years; range, 31 to 69 years) between February
2024 and February 2025. Data from the Beck Depression Inventory, the revised ALS Functional Rating Scale, reading the mind in
the eyes test, and theory of mind (ToM) tests were collected. The results were compared with HCs.

Results: There were no significant differences between groups in terms of age, education level, or sex (p > 0.05). Affective ToM
scores were comparable between groups (p > 0.05). Patients with ALS exhibited lower median cognitive ToM scores than HCs
(27 [7.5] vs. 30 [5], p = 0.035). The median total Dimensional Apathy Scale scores were higher in the ALS group than in the HC
group (18 [11.5] vs. 12 [5.25], p = 0.00D). The groups differed in the cognitive and emotional dimensions of apathy but not in the
executive dimension.

Conclusion: Lower cognitive ToM performance, higher initiation, and emotional apathy scores were observed at increased rates
in patients with ALS without dementia.
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Amyotrophic lateral sclerosis is a
neurodegenerative disease, with a worldwide
prevalence of 4.1 to 84 per 100,000
individuals."!' Frontotemporal dementia co-occurs
in 15% of patients with amyotrophic lateral
sclerosis (ALS).” However, approximately half
of patients with ALS without dementia exhibit

cognitive issues in patients with ALS without
dementia and cause a decrease in quality of life
and cognitive performance.! Apathy (lack of
motivation) is the most common behavioral issue
that is detected in patients with ALS without
dementia.®

Social enables individuals to

some degree of cognitive deficit or behavioral
issues.P4 Cognitive impairment in patients with
ALS is commonly observed in executive, fluency,
and language functions, indicating damage to the
frontotemporal network.®> The behavioral issues
are also encountered at similar frequencies with

cognition
understand others' beliefs, intentions, cognitive
states, and emotions.” Social cognition is another
function of the frontotemporal network, and its
impairment is frequently observed in patients
with ALS, often in conjunction with other
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frontotemporal dysfunctions.®™ Social cognitive
deficits can be detected in patients with ALS,
leading to disturbances in quality of life [l
Therefore, social cognitive impairment was
considered a component of cognitive impairment
in the 2017 ALS frontotemporal spectrum disorder
criteria.®” Its functions are generally considered
by the theory of mind (ToM) and are divided into
two parts: affective ToM and cognitive ToM. While
decoding and inferring emotions is conceptualized
as affective ToM, inferring intentions, beliefs, and
thoughts are provided by the concept of cognitive
ToM.”" Studies showed different results in the
social cognitive impairment in patients with ALS
without dementia. These patients may or may not
exhibit low affective ToM performance.'*!? There
are also different results regarding cognitive ToM
performance in these patients.>!

In recent years, apathy has been
demonstrated to be a multidimensional disorder,
and different dimensions can be affected in
various  neurodegenerative  diseases.' It
encompasses executive, initiation, and emotional
dimensions."” Patients with ALS showed higher
scores on initiation apathy compared to healthy
controls (HCs)."!¥ Similar results were observed in
patients with ALS without dementia."” Emotional
apathy may have a negative relationship with
affective ToM performance in this patient group.t”

Pseudobulbar affect (PBA) is characterized by
involuntary, irresistible episodes of laughing or
crying. Pseudobulbar palsy may arise during the
progression of any neurodegenerative disease;
however, it is most commonly observed in patients
with ALS. Pseudobulbar palsy is associated with a
worse prognosis and impaired executive function in
ALS. Nevertheless, knowledge about its relationship
with apathy and social cognition remains limited.

The primary objective of this study was
to investigate the cognitive and affective ToM
performance and profiles of apathy dimensions
in patients with ALS without dementia. The
secondary aim was to demonstrate the differences
between patients with and without PBA regarding
these variables.

PATIENTS AND METHODS

This cross-sectional study examined 17 patients
(9 males, 8 females; median age: 58 years;
range, 31 to 70 years) with clinically probable or
definite ALS, as defined by the Awaji criteria, who
were admitted to the Neuromuscular Disease Clinic
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of the Dokuz Eylil University Faculty of Medicine
between February 2024 and February 2025.20
The exclusion criteria were having a disease that
might affect cognitive or affective status, being
under 18 or above 70 years, or having dementia.
Thirty-four HCs (19 males, 15 females; median age:
58.5 years; range, 31 to 69 years) were recruited from
patients’ relatives, hospital staff, and volunteers
who participated in the study. A written informed
consent was obtained from each participant. The
study protocol was approved by the Dokuz Eylil
University Noninvasive Research Ethics Committee
(Date: 28.02.2024, Decision No. 2024/08-03). The
study was conducted in accordance with the
principles of the Declaration of Helsinki.

Patients' age, sex, education, history of
familial ALS, site of onset, disease duration
(from the first symptom to the current date),
and PBA status were recorded. To assess the
disease's motor dissemination, we used the
revised ALS Functional Rating Scale score, for
which a Turkish reliability study was published
in 2016.2Y Motor dissemination and severity
were assessed based on four subscores: bulbar,
fine motor, gross motor, and respiratory. The
reading the mind in the eyes test (RMET)
and Yoni test were used for social cognitive
measurements. The RMET is a well-established
tool of affective ToM."”?? Yoni test scores were
considered in two main parts: affective ToM and
cognitive ToM.?! The Dimensional Apathy Scale
(DAS) was utilized to evaluate apathy, measuring
three separate dimensions: cognitive/behavioral
initiation, executive, and emotional."® In our
study, the DAS cutoff value was determined to be
26, consistent with previous studies.”¥ The Beck
Depression Inventory (BDI) was also applied to
all participants to assess depressive symptoms.

Statistical analysis

Data were analyzed using IBM SPSS version
26.0 software (IBM Corp., Armonk, NY, USA).
The Kolmogorov-Smirnov test and histogram plots
were used to determine whether the data were
compatible with a normal distribution. If the data
showed a normal distribution, parametric tests were
used. Descriptive statistics were presented as mean
and standard deviation for parametric variables
and as median (min-max) and interquartile range
(IQR) for nonparametric variables. Differences
between the ALS and HC groups were analyzed
using the Mann-Whitney U test or t-tests. Pearson
or Spearman correlation statistics were used
depending on the parametric nature of the data.



Social cognition and apathy in ALS

The correlation results were classified according
to the strength of the association, based on the
absolute values of the correlation coefficients:
0.1-0.3, weak correlation; 0.3-0.49, moderate
correlation; = 0.5, strong correlation. The level of
statistical significance was determined at p < 0.05.

RESULTS

The ALS and HC groups did not differ in terms
of age, sex, comorbid conditions, or education
level. Demographic and clinical features are
detailed in Table 1. None of the patients with ALS
had a history of familial ALS. Sixteen participants
exhibited extremity onset, and only one patient
had a bulbar onset of ALS.
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Patients with ALS exhibited poorer median
cognitive ToM scores compared to HCs (27 [7.5]
vs. 30 [5], p = 0.035; Table 2). However, the
two groups did not differ in affective ToM or
RMET scores (p = 0.266). The median total DAS
scores were higher in the ALS group than in the
HCs (18 [11.5] ws. 12 [5.25], p = 0.001; Table 2).
Furthermore, the difference between the groups
was observed in the cognitive initiation and
emotional dimensions of apathy but not in the
executive dimension (Table 2). Using a total DAS
cutoff value of 26, four of 17 participants in the
ALS group were apathetic, whereas none of the
HCs displayed apathy (p = 0.003). No significant
difference in BDI scores was found between the
groups (p = 0.068).

TABLE 1

Demographical and disease characteristics of the ALS and HC groups

ALS group (n = 17)

HC group (n = 34)

n Median  Min-Max  IQR n Median  Min-Max  IQR D
Age (year) 58 31-70 20 585 31-69 18 0.865
Sex 0.842
Female 8 15
Male 9 19
Education (year) 1
> 12 8 16
<12 9 18
Disease duration (month) 31 10-106 31 - - - -
ALSFRS-r total 31 16-42 9 - - - -
ALSFRS-r bulbar 10 5-12 15 - - - -
ALSFRS-r fine motor 3 0-11 7 - - - -
ALSFRS-r gross motor 6 1-11 5 - - - -
ALSFRS-t respiratory 9 6-12 2 - - - -

ALS, amyotrophic lateral sclerosis; HC, healthy control; IQR, Interquartile range; ALSFRS-r, Amyotrophic Lateral Sclerosis Functional Rating Scale-revised.

TABLE 2
Social cognitive, depression, and apathy profiles of the ALS and HC groups
ALS group HC group
Median Min-Max IQR Median Min-Max IQR p
RMET 20 12-26 8 20 13-27 6.25 0.825
Yoni-total 80 58-94 16 835 62-95 9.25 0.109
Yoni-physical 14 11-14 0.5 14 11-14 1 0.838
Yoni-cognitive 27 20-36 75 30 23-35 5 0.035
Yoni-affective 38 24-44 10.5 39 25-46 8 0.266
Beck depression inventory 9 4-29 75 5 0-22 6.25 0.068
DAS-total 18 4-31 115 12 4-20 5.25 0.001
DAS-executive 4 0-16 35 4,5 0-10 4.25 0.896
DAS-emotional 5 0-13 45 3 2-6 2 0.009
DAS-cognitive initiation 6 2-16 6 4 0-8 3 0.001

ALS, amyotrophic lateral sclerosis; HC, healthy control; IQR, Interquartile range; RMET, reading mind in the eyes test, DAS, Dimensional Apathy Scale.
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TABLE 3
Demographic and clinical variables of participants with and without PBA
PBA- (n = 1D PBA+ (n = 60)
Median Min-Max IQR Median Min-Max IQR P
Age (year) 58 38-70 11 495 31-67 32 0.614
Disease duration (month) 395 12-57 32 29 10-106 38 0.687
ALSFRS-t total 32 16-42 8 27 18-39 15.75 0.687
ALSFRS-r bulbar 10 5-12 4 10 9-11 1.25 0.717
ALSFRS-t fine motor b) 0-11 7 5 0-11 8 0536
ALSFRS-r gross motor 5 2-11 6 1-10 45 0.88
ALSFRS-t respiratory 11 8-12 1 11 7-12 4.25 0.557
RMET 20 13-26 5 21 12-26 13.25 0.723
Yoni-total 73 67-94 16 815 58-86 145 0.723
Yoni-physical 14 12-14 1 14 11-14 3 0.787
Yoni-cognitive 27 20-36 8 29 20-32 6.75 0.613
Yoni-affective 38 31-44 10 38.5 24-43 115 0.762
Beck depression inventory 9 4-16 7 8 4-29 24.25 0.61
DAS-total 18 4-31 16 17.55 14-28 8 0.801
DAS-executive 4 0-10 3 35 2-16 6.5 096
DAS-emotional 5 0-12 5 6 4-13 45 0.337
DAS-cognitive initiation 8 2-16 8 55 4-10 375 0.448

PBA, pseudobulbar affect; PBA—: No sign of pseudobulbar affect; PBA+: Pseudobulbar affect presence; IQR, Interquartile range; ALSFRS-r, Amyotrophic Lateral Sclerosis
Functional Rating Scale-revised; RMET, reading mind in the eyes test, DAS, dimensional apathy scale.

Apathy scores and social cognitive performance
showed no statistically significant correlation
(Supplementary File 1). No relationship was found
between motor performance and social cognition
or apathy test scores (Supplementary File 1).
When comparing participants with and without
PBA on demographic and clinical variables,
including social cognitive performance, apathy,
and depression scores, no statistically significant
differences were observed (Table 3).

DISCUSSION

In this study, we demonstrated that patients
with ALS without dementia had worse cognitive
performance compared to HCs. Furthermore,
patients with ALS were more apathetic than HCs.
However, the presence of PBA was not related to
social cognitive performance or apathy in patients
with ALS.

Both cognitive and affective ToM can be
affected in patients with ALS. A meta-analysis
demonstrated that cognitive ToM impairment was
more prominent than affective ToM impairment
in ALS.® However, studies on patients with ALS
without dementia exhibited conflicting results.
While some studies found no differences between

patients with ALS and HCs in cognitive and
affective ToM performance, others reported lower
performance in patients with ALS.'>142520 In our
study, patients with ALS without dementia scored
lower on cognitive ToM tests but showed no
difference on affective ToM tests. The differing
results across studies may be attributable
to variations in disease duration and motor
severity among participants. Panopoulou et al.m¥
demonstrated no difference between patients
with ALS without dementia and HCs regarding
affective ToM. In this study, the participants
had a relatively shorter disease duration and
better motor severity scores compared to our
study. Lillo et al."¥ reported similar affective and
cognitive ToM performances in both HCs and in
patients with ALS without dementia. The median
disease duration in this study was 30 months."?
Conversely, another study with disease duration
and motor severity comparable to ours reported
significantly lower composite social scores than
those of HCs, aligning with our findings.”¥ We
did not find any relationship between social
cognitive performance and motor severity or
disease duration. However, these findings are
exploratory, and we did not apply statistical
correction due to the low number of participants,
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substantially limiting the interpretation of our
results. Given the uncertain relationship between
social cognitive performance and disease duration
or motor severity, these findings warrant further
investigation. Additionally, social cognitive deficits
are related to executive functions and can be
observed at higher rates in cognitively impaired
patients with ALS.">*! The low performance of
the cognitive ToM test in patients with ALS in
our study might be a sign of subclinical executive
dysfunction. In our study, we excluded patients
with clinical dementia; however, we did not
run any cognitive measurement tests. Cognitive
impairment without dementia is common and
a feature of the neurodegenerative process of
ALS.B Neuropsychological tests can detect
subtle cognitive deficits in patients with ALS.
Furthermore, multidimensional cognitive scales
for ALS have been developed to assess cognitive
impairments.”?”? The frontotemporal network
is the most commonly affected area in ALS,
and social cognitive impairment is a part of its
disruption.”” The lack of a detailed cognitive
assessment is a hindering factor in assessing
the prevalence and severity of social cognitive
impairment in cognitively intact patients with ALS
compared to HCs.

Initiation is the most prevalent dimension
of apathy observed in patients with ALS.161¥
Executive and emotional apathy can be observed
in these patients, albeit at lower rates.'%2! Patients
with ALS without dementia only exhibited worse
scores on the Initiation Apathy scale compared
to HCs, and initiation apathy was associated
with verbal fluency performance.™ Verbal fluency
demonstrates the integrity of the frontotemporal
network and is a sensitive cognitive assessment
for its dysfunction.?”?) Both initiation apathy
scores and emotional apathy scores in the ALS
without dementia group were worse than those of
HCs in our study. However, because apathy and
executive dysfunction are associated phenomena
and no detailed cognitive assessment was run
in our study, the interpretation of the results is
limited. The examination of detailed cognitive
performance and multidimensional apathy can
enhance the understanding of frontotemporal
neurodegeneration in ALS. Similar brain regions
might be responsible for emotional apathy and
social cognition. A negative correlation was found
between emotional apathy and emotion recognition
performance.™ Our study found no relationship
between dimensions of apathy and social cognitive
performance. Further studies exploring the
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relationship between multidimensional apathy and
social cognitive performance in ALS without
dementia could provide more insights.

The PBA can be viewed as a consequence of
disruptions along corticomedullary pathways.?”
It is also thought to be related to the frontal
cortex's function.B*3! Pseudobulbar affect is also
associated with the prognosis of patients with
ALS.B233 Therefore, it is essential to identify
PBA in patients with ALS and investigate its
correlation with other prognostic factors. We
did not observe any difference between those
with and without PBA regarding social cognitive
performance, apathy, depression, or motor severity
grade. However, the small sample size in our
study limited the statistical interpretation of the
correlation analysis and the generalizability of
these results; additionally, negative results may be
due to type 2 errors.

There are several limitations to our
study. First, we did not use a comprehensive
neurophysiological test to assess cognitive status
in our participants. Cognitive impairment in ALS
without dementia can affect social cognition
or apathy tests. The presence of dementia was
determined through a clinical evaluation by
an experienced neurologist. Specific genetic
mutations were found to be associated with
cognitive and behavioral impairment in those
with ALS.B# In our study, none of our patients
had a history of familial ALS. However, we
lacked information on genetic mutations within
the ALS group. The low number of participants,
as well as the limited number of participants
with bulbar onset, were additional limitations
of our study. These constraints may limit the
generalizability of the results to the broader ALS
population. Additionaly, the small sample size
may have reduced statistical power and affect the
results, increasing the likelihood of type 2 errors.
There is a need for larger, multicenter studies to
evaluate social cognitive performance and apathy
dimensions in ALS.

In conclusion, patients with ALS without
dementia exhibited lower cognitive ToM scores
compared to HCs. Initiation and emotional apathy
may be the predominant forms of apathy in these
patients.

Data Sharing Statement: The data that support
the findings of this study are available from the
corresponding author upon reasonable request.
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