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Abstract
Introduction. Depression is highly prevalent in amyotrophic lateral sclerosis (ALS) [9]. Its detection can be challenging, particularly in advanced
disease when many patients develop bulbar dysfunction and upper limb muscle weakness. This necessitates objective methods for diagnosing
affective disorders in ALS.
The study aimed to evaluate the potential utility of eye-tracking technology for detecting depression in ALS patients using an attention bias
assessment.
Materials and methods. The study enrolled ALS patients meeting Gold Coast criteria. Depressive symptoms were assessed using the Hospital
Anxiety and Depression Scale (HADS). During eye-tracking sessions, patients viewed a screen displaying pairs of faces — one emotional (sad
or happy) and one neutral.
Results. Data from 33 participants were analyzed. Comparative analysis of mean gaze fixation duration showed that ALS patients with depressive
symptoms had significantly longer fixation times on sad faces compared to non-depressed patients. HADS depression scores correlated with mean
fixation duration on sad (r = 0.421; p = 0.018) and neutral (r = 0.36; p = 0.047) faces. To analyze the interaction of sensitivity and specificity of mean
fixation time on sad faces for detecting depressive disorders, ROC analysis was performed. An area under the curve was 0.722 (acceptable value).
Conclusion. Eye tracking-based attention bias screening assessment shows potential utility for depression detection in ALS. This method may
be particularly valuable in advanced disease when patients become immobilized and lose capacity for verbal communication or questionnaire
completion [9].
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Beedenue. [lenpeccus wiupoko pacnpocmparena npu 6okogom amuompouueckom cknepose (BAC). E€ evisenenue moxem npedcmasasmo ciox-
HOCIMU, 0COOEHHO HA paseeépHymbix cmadusx 60se3Hu, k020a y MHO2UX NayueHmos pasguearomcs 0y0apHble HapyuieHus, ciabocms 6 Mbluyax
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3oeanacy locnumanshas wiana mpegoau u denpeccuu (HADS). Ilpu nposederuu mpekuKea 21a3 nayueHmam noxkassléan 3Kpax, Ha KOmopom
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OnumenvHbLM, ueM y nayuermos Oe3 denpeccuu. BoipaxenHocms denpeccuu no HADS Kkoppenuposana co cpedketi dnumesnsHocmolio (ukcayuu
630pa Ha epycmuylx (r = 0,421; p = 0,018) u netimpanshoix (r = 0,36; p = 0,047) nuyax. C yenvio aHanuza 83aumodeticmeus uyscmeumensHocmu
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wads nod kpusoti cocmasuna 0,722 (npuemnemoe 3HaueHue).
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bonesHu, kozda nayuexm 00e308uxeH U He Moxem nodOepxueamy peuesoii KOKMAKM UL 3aNOTHAMY OYMAKHble ONAHKU ONPOCHUKOB.
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Introduction

Depressive disorders are highly prevalent among patients
with neurological diseases [1]. These disorders may stem
from both organic mechanisms and psychogenic factors
related to emotional responses to neurological symptoms.
Organic mechanisms are associated with the pathogenesis
of the underlying disease and include neurotransmitter

imbalances, focal lesions in emotion-related brain regions,
aseptic inflammatory responses, and neuroendocrine
disturbances [2]. Depression significantly reduces patients’
quality of life and worsens the prognosis of the underlying
disease [3].

Amyotrophic lateral sclerosis (ALS) is a severe neurological
disorder causing motor neuron degeneration and progressive

50 Annals of clinical and experimental neurology. 2025; 19(3). DOI: https://doi.org/10.17816/ACEN.1296


mailto:mansur.kutlubaev@yahoo.com

OPUMMHANBHBIE CTATbIA. Knuhnyeckas HeBponorus

muscle weakness. Current pathogenetic therapies for ALS are
limited to a few agents with minimal therapeutic efficacy [4].
The average life expectancy after symptom onset in ALS is
2-3 years, necessitating improved approaches to palliative
care as a key component of medical management [5].

Depression develops in up to 75% of ALS patients, com-
plicating care and potentially reducing life expetancy
through mechanisms including low treatment adherence.
It is assumed that depression in ALS results from emotion-
al stress associated with the progression of motor deficits
and the patient’s awareness of the poor disease progno-
sis. There is also evidence that neurodegeneration in ALS
extends beyond the motor centers of the nervous system
and involves adjacent structures, such as the prefrontal
cortex, which may be considered a predisposing factor for
depression [6, 7].

In neurological practice, depressive symptoms are primarily
identified using various diagnostic scales. The most widely
used scales include the Hospital Anxiety and Depression Scale
(HADS), Beck Depression Inventory (BDI), Montgomery-
Asberg Depression Rating Scale (MADRS), among others.
Completing them typically takes 10-20 minutes, requiring
patient cooperation and demanding specific expertise from
the clinician [1].

Speech and motor impairments typical for ALS often com-
promise communication. In such cases, detecting depressive
symptoms becomes particularly challenging, prompting the
search for alternative depression biomarkers. One approach
for depression detection utilizes the phenomenon of atten-
tional bias. Studies have demonstrated that patients with de-
pression exhibit attentional bias toward images of sad facial
expressions [8]. This approach has been previously investi-
gated in psychiatric practice [8], but its applicability in ALS
remains unexplored.

Aim: To evaluate the potential utility of attention bias as-
sessment using eye tracking for detecting depression in ALS
patients.

Materials and methods

The study enrolled ALS patients meeting Gold Coast criteria
[9]. Exclusion criteria were chronic eye diseases, other severe
neurological disorders, comorbid ALS with frontotemporal
dementia, and use of psychotropic medications.

During eye tracking, patients were positioned in a quiet room
with constant illumination in front of a computer screen dis-
playing pairs of facial images: one emotional (sad or happy)
and one neutral. The experiment included 20 happy/neutral
pairs and 20 sad/neutral pairs (featuring the same actor in
each pair). Facial images were selected from a database of
professional actors displaying various emotions [10]. Each
image measured 506 x 650 pixels, with non-informative ele-
ments (e.g., earrings) removed by cropping within an ellipti-
cal shape of 280 x 360 pixels. Each pair was displayed twice
(80 trials total). The sequence began with a 500 ms black
screen, followed by a 1000 ms white fixation cross. Image
presentation duration was 3500 ms [11].

CKpuHUHT aenpeccuu npu 60KOBOM aMMOTPOGINYECKOM CKNEpo3e

Eye tracking was performed using the stationary Gazepoint
GP3 device at approximately the same time of day. The study
began with a standard calibration procedure of the eye track-
er, followed by data recording. Patients were informed that
different faces would be displayed on the screen and instruct-
ed to continuously look at the screen without further clarifi-
cation. The following parameters were assessed: direction of
the first gaze (toward emotional or neutral faces), mean time
to first fixation on faces, mean duration of first fixation, num-
ber of revisits to different faces, and mean fixation duration.

Depressive symptoms were assessed using the Hospital Anxi-
ety and Depression Scale (HADS). A physician read aloud the
questions and possible responses, and the patient selected
an answer either verbally or by head nod. Scores of 0-7 in-
dicated no depression, 8-10 indicated subclinical depression,
and 11 or higher indicated clinically significant depression
[12]. Patients scoring 11 points or higher were referred for
consultation of a psychiatrist.

The severity of neurological deficit was assessed using the
ALS Functional Rating Scale-Revised (ALSFRS-R) [13], and
disease staging was performed using the King’s College sys-
tem [14]. Cognitive functions were evaluated with the Edin-
burgh Cognitive and Behavioural ALS Screen (ECAS) [15],
while asthenia was assessed using the Multidimensional Fa-
tigue Inventory (MFI-20) [16].

Statistical analysis was performed using SPSS Statistics
v. 26 software (IBM). Non-parametric statistical methods were
applied. Data are presented as median and interquartile range
(IQR). Comparative analysis was conducted using the x* test
and Mann-Whitney U test. Spearman’s correlation analy-
sis was used to identify relationships between parameters.
ROC analysis evaluated the diagnostic value of the method.
A p-value < 0.05 was considered statistically significant.

Results

Data from 33 ALS patients were analyzed. All patients
successfully completed the calibration and eye tracking
registration procedure. The main characteristics of the study
participants are presented in Table 1. Nine patients (27%)
showed signs of clinically significant depression (HADS
> 11) and were diagnosed with a depressive episode through
clinical interview.

Comparative analysis revealed that ALS patients with de-
pression had longer mean fixation times on all face types
compared to non-depressed ALS patients, which may be
explained by the cognitive inhibition characteristic of de-
pression [1, 2]. However, these differences reached statis-
tical significance only for sad facial expressions (Table 2).
Figure 1 presents heatmaps illustrating the focus of at-
tention on sad and neutral faces in 2 patients with clini-
cally evident depression and without it. Analysis of other
eye-tracking parameters did not reveal significant differ-
ences between ALS patients with and without depressive
symptoms.

Correlation analysis revealed a significant association between
depression severity on the HADS [2] and mean fixation duration
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Table 1. Social and demographic characteristics of ALS patients
Parameter
Age, years, Me [Q,; Q,]
Sex (male/female), n (%)
Disease onsetn (bulbar/spinal), n (%)

King’s College stage, n (%)
I
Il
]
Y

Education (higher/secondary), n (%)
Marital status (married/single), n (%)
HADS depression symptoms, Me [Q,; Q,]
HADS anxiety symptoms, Me [Q,; Q,]
ALSFRS-R disease severity, Me [Q,; Q,]

ECAS cognitive impairment:
specific Me [Q,; Q,]
non-specific Me [Q,; Q,]
total score Me [Q,; Q,]

A

Fig. 1. Heatmaps.

Value
63.0 [52.0; 67.0]
14 (42.4%)/19 (57.6%)
6 (18.2%)/27 (81.8%)

1(3.0%)

10 (30.3%)

10 (30.3%)

12 (36.4%)
11(33.3%)/22(66.7%)
27(81.8%)/6(18.2%)

713; 1]
715 1]
39 [35.0; 43.5]
63 [51.5; 73.5]

25 [20.5; 28.0]
86 [76.5; 99.0]

A — patient V. with ALS and clinically significant depression exhibited longer visual fixation on sad faces compared to neutral ones;
B — patient N. with ALS without depression showed longer fixation on neutral faces than sad ones.

on sad (r = 0.421; p = 0.018) and neutral (r = 0.36; p = 0.047)
faces. No significant correlations were found between mean
fixation duration on faces with various emotions and HADS
anxiety scores, ECAS [3] cognitive decline, MFI-20 asthenia, or
ALSFRS-R neurological deficit severity.

To analyze the interaction of sensitivity and specificity of
mean fixation time on sad faces for detecting depressive
disorders, ROC analysis was performed. The area under the
curve (AUC) was 0.72 (95% CI 0.54-0.90 — acceptable value;
Fig. 2).
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Table 2. Comparative analysis of median gaze fixation duration in patients with and without depressive symptoms, Me [Q;; Q]

Parameter

Mean gaze fixation duration on neutral faces, sec
Mean gaze fixation duration on happy faces, sec

Mean gaze fixation duration on sad faces, sec

ROC curve
1.0

0.8

0.6

Sensitivity

0.4

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Fifg. 2. ROC curve demonstrating the sensitivity and specificity
of mean fixation duration on sad faces for detecting depressive
symptoms in ALS patients.

The cut-off value for mean fixation duration on sad faces to
detect depressive symptoms in ALS patients was determined
based on the maximum combined sensitivity and specificity
principle. Analysis of the curve coordinates showed that a
median average fixation duration on sad face images exceeding
0.37 s indicated depression with 88.8% sensitivity (95% CI
51.75-99.72%) and 50% specificity (95% CI 35.75-82.70%).

Discussion

Analysis of data from a group of 33 ALS patients demonstrated
the potential utility of depression symptom screening using
eye tracker-based attention bias assessmemt. This approach
does not require physician involvement and can be used
under the supervision of a trained nurse or technician. No
significant correlations between average fixation duration on
sad faces and parameters such as severity of asthenia or
cognitive impairment suggests that this parameter primarily
reflects the presence of depressive disorders. Previous
studies have shown that eye-tracking methods can be used
in neurological patients with communication deficits, such
as post-stroke aphasia [11]. Dysarthria in ALS patients may

No depression symptoms
(n = 26)

0.42 [0.08; 1.04]
0.48 [0.05; 0.87]
0.36 [0.12; 0.92]

Presence of clinically significant depressive

symptoms (n =7) p

0.61[0.32; 1.32] 0.199
0.65[0.32; 1.32] 0.182
0.83[0.44; 1.43] 0.048

hinder depression diagnosis through clinical interviews.
Paper/electronic  questionnaires are also not always
feasible due to upper limb muscle weakness progression.
Recent studies have revealed that subclinical oculomotor
impairments may develop in advanced ALS [17]. However, in
this study, the influence of such impairments is unlikely, as
the assessment focused on attentional bias rather than visual
saccade/antisaccade characteristics.

Digital modalities are increasingly being integrated into the
assessment of ALS patients. Most studies in this field focus
on evaluating motor deficits. It is hypothesized that technical
tools allow for more precise evaluation of neurological
impairment severity in ALS and better tracking of disease
progression [18]. Significantly fewer studies have explored
digital technologies for assessing non-motor manifestations
of ALS. Eye-tracking technology is currently successfully
employed for alternative communication in advanced ALS,
particularly for administering traditional psychometric
scales in patients with speech impairment and upper limb
paresis [19].

Timely diagnosis of depression remains a critical task
in neurological disorders, as depression constitutes an
indication for pharmacotherapy. Effective treatment can
normalize patients’ emotional state, facilitate caregiving,
improve compliance, and consequently enhance short-term
disease prognosis.

A limitation of this study is the small sample size, the
relatively low proportion of patients with symptoms of
clinically significant depression, and the absence of patients
at the terminal stage of the disease. This research did not
perform a detailed evaluation of the diagnostic value of
depression screening in ALS using eye tracking.

Future studies should determine the optimal technical
parameters of this method and evaluate its sensitivity and
specificity compared to standard depression diagnostic
tools. The analysis of potential correlations between other
parameters and indicators of cognitive and behavioral
impairments is also of interest.

Conclusion

Attention bias paradigm-based screening using eye tracking
shows potential utility for detecting depression in ALS
patients. This method may be particularly valuable in
advanced disease when patients become immobilized and
lose capacity for verbal communication or questionnaire
completion.
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