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Highlights

What are the main findings?
• Patients with moderate AD showed poorer visual acuity, a more remote near point of 

convergence, and poorer stereopsis; an exophoric alignment pattern was frequent in 
both groups.

• Patients with moderate AD showed lower clinical NSUCO scores for saccadic and 
smooth pursuit movements.

• Video-oculography was feasible only in a subgroup of patients with AD; without 
control recordings, these observations remain exploratory and descriptive.

What are the implications of the main findings?
• Routine visual and oculomotor assessment may help identify functional difficulties 

in patients with moderate AD, although these findings should not be interpreted as 
disease-specific diagnostic markers.

• The deterioration of the visual and oculomotor function in AD may contribute to the 
functional decline of this type of patients.

Abstract

Background/Objectives: Alzheimer’s disease (AD) is a progressive neurodegenerative 
disorder that, in addition to its characteristic cognitive decline, may be associated with 
impairments in visual and oculomotor function. The aim of this study was to characterize 
and compare a battery of visual, binocular, and oculomotor skills in patients with moderate 
AD and age-comparable older adults without a known diagnosis of cognitive impairment 
or neurodegenerative disease. Methods: A cross-sectional comparative observational study 
was conducted in 16 patients with AD and 20 age-comparable controls. Monocular and 
binocular visual acuity at distance and near, near point of convergence (NPC), stereopsis 
using the Randot®  test, ocular alignment, fixation, and clinical oculomotor function using the 
NSUCO test were assessed. In a subgroup of patients with AD, an objective assessment was 
also attempted using GazeLab®  video-oculography. Results: No between-group differences 
in age were observed (p = 0.757). The AD group showed worse binocular distance visual 
acuity (0.16 ± 0.13 vs. 0.01 ± 0.05 logMAR, p = 0.003), a trend to more remote NPC 
(16.50 ± 5.35 vs. 10.80 ± 4.56 cm, p = 0.466), poorer stereopsis (188.5 ± 64.14 vs. 80.00 ± 24.48 
arcseconds, p = 0.004), and lower NSUCO scores for saccadic and pursuit movements 
(p < 0.001). Video-oculography was feasible in a subgroup of patients with AD and yielded 
exploratory, descriptive observations; equivalent recordings were not obtained in control 
participants. Conclusions: The patients with moderate AD showed poorer performance 
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across several visual, binocular, and oculomotor measures. These findings support the 
relevance of incorporating visual assessment into the functional characterization of AD.

Keywords: oculomotor function; visual acuity; stereopsis; convergence; NSUCO; video-
oculography

1. Introduction
Alzheimer’s disease (AD) is the most common cause of dementia and is characterized 

by a progressive neurodegenerative process affecting multiple brain networks. Although 
impairments in memory and other cognitive domains dominate its clinical presentation, 
the disease may also compromise different levels of the visual system. Available evidence 
describes abnormalities in both the afferent visual pathway and cortical and oculomotor 
networks, with potential effects on visual acuity, contrast sensitivity, color vision, visual 
field, motion perception, and visuomotor behavior [1–5].

Oculomotor abnormalities are of particular interest because they depend on frontal, 
parietal, subcortical, and cerebellar circuits that also contribute to attention, response 
inhibition, and other executive functions. Systematic reviews and instrumental studies 
have described increased latency, antisaccade errors, reduced accuracy, changes in gain, 
and abnormalities in fixation stability and visual exploration in mild cognitive impairment 
and AD [6–12]. However, the heterogeneity of tasks, devices, diagnostic definitions, and 
clinical stages still limits the translation of these parameters into biomarkers for routine use. 
The most recent systematic review of eye tracking in AD and related dementias specifically 
emphasizes the need for better-characterized cohorts and standardized protocols before 
individual diagnostic application [6].

Visual impairment is particularly prominent in posterior cortical atrophy, a neurode-
generative syndrome characterized by progressive visuoperceptual and visuospatial dys-
function with relative preservation of other cognitive functions early in the course of the 
disease. Although Alzheimer’s pathology is its most frequent underlying etiology, this 
phenotype must be distinguished from the typical amnestic presentation of AD [13,14]. 
Therefore, the presence of visual abnormalities in patients with AD does not, by itself, 
imply that these abnormalities are specific to the disease or that they necessarily precede its 
cognitive manifestations.

From an optometric and neuro-ophthalmological perspective, there is interest in iden-
tifying simple, reproducible, and well-tolerated tests that can characterize the functional 
impact of AD on vision and ocular motility. This approach is clinically relevant because un-
recognized visual impairment may interfere with reading, mobility, spatial orientation, and 
performance on cognitive tasks with a visual component. Nevertheless, detecting functional 
impairment must be distinguished from validating a biomarker: the latter requires stan-
dardization, control of ocular confounding factors, external validation, and demonstration 
of adequate sensitivity and specificity [1,3,6].

The aim of the present study was to preliminarily characterize and compare visual 
acuity, binocular convergence, stereopsis, ocular alignment, fixation, and clinical oculomotor 
performance in patients with moderate AD and age-comparable older adults without a 
known diagnosis of cognitive impairment or neurodegenerative disease. The feasibility of 
incorporating objective video-oculography in a subgroup of patients was also explored, 
with the aim of complementing the clinical examination and defining a battery of measures 
suitable for evaluation in subsequent studies with larger samples.
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2. Materials and Methods
2.1. Participants and Ethical Considerations

A cross-sectional comparative observational study was conducted. Recruitment and 
clinical examinations were carried out from July 2021 to May 2022. Sixteen patients 
(10 women and 6 men) with a previously established clinical diagnosis of mild or moderate 
Alzheimer’s disease and 20 age-comparable control participants (12 women and 8 men) 
without a known diagnosis of cognitive impairment, dementia, or another neurodegenera-
tive disease were included. Patients with AD were assessed at the facilities of the Association 
of Relatives of People with Alzheimer’s Disease of Elche (AFAE Elche), whereas the control 
group was examined at Punto Óptico Elche. Disease severity had been classified by the 
clinical team at AFAE using the Global Deterioration Scale (GDS); all included patients 
were in GDS stages 4 or 5, corresponding to moderate dementia. Individual MMSE (Mini-
Mental State Examination) or CDR (Clinical Dementia Ratio) scores were not available. 
Before the examination, the available clinical information for participants with AD was 
reviewed, including the degree of cognitive impairment and history of cataract surgery. All 
participants with AD were receiving pharmacological treatment for the disease, although 
the specific agents and doses had not been recorded systematically. Age, sex, habitual use 
of optical correction, and the presence of pseudophakia were recorded in both groups.

All participants received information about the nature and objectives of the study and 
provided informed consent before the examination; when appropriate, the information and 
consent process was conducted with their legal representative. The study was conducted 
in accordance with the principles of the Declaration of Helsinki and was reviewed and 
approved by the Ethics Committee of the University of Alicante.

2.2. Inclusion and Exclusion Criteria
Patients in the AD group were considered eligible if they had a documented clinical 

diagnosis of Alzheimer’s disease, had been classified as GDS stage 4 or 5 (moderate demen-
tia), were older than 60 years, and had sufficient ability to understand simple instructions 
and cooperate with the basic visual tests. Participants were excluded if they had other 
known neurological or neurodegenerative disorders likely to interfere substantially with 
the examination, active or severe ocular disease preventing performance or interpretation of 
the tests, or insufficient ability to cooperate with the basic clinical protocol. An antecedent 
of stable cataract surgery was not an exclusion criterion and was specifically recorded as a 
clinical characteristic of the sample.

The control group consisted of age-comparable older adults with no known diagnosis of 
cognitive impairment, dementia, or another neurodegenerative disease and who were able to 
complete the same examination protocol. No formal cognitive screening was administered; 
eligibility was based on the available clinical history and the absence of a known diagnosis 
of cognitive impairment or neurodegenerative disease. Ocular and neurological exclusion 
criteria equivalent to those applied to the AD group were used. Corrected ametropia 
or stable cataract surgery was not a reason for exclusion; use of optical correction and 
pseudophakia were recorded for descriptive purposes and considered when interpreting 
the results.

2.3. Visual and Oculomotor Examination Protocol
The examination followed the same clinical protocol in both groups. Each test was 

performed using the participant’s habitual optical correction for distance or near, as appro-
priate for the testing distance. Participants underwent periodic ophthalmological follow-up 
outside the study; however, no study-specific refraction or comprehensive ocular health 
examination was performed, and it was therefore not possible to confirm that the habitual 
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prescription was fully up to date. The two groups were examined at different clinical sites, 
and the examiners were not masked to group status. Instructions were given briefly and 
directly and were repeated when necessary to facilitate understanding, without altering the 
purpose or recording criterion of each test.

Visual acuity (VA) was measured using logMAR optotypes, both monocularly and 
binocularly and at distance and near. Results were expressed in logMAR units, with higher 
values representing poorer VA. The use of a logarithmic scale provides a regular progression 
between acuity levels and facilitates quantitative comparison between observations. The 
near point of convergence (NPC) was assessed using a fixation target that was moved slowly 
along the midline toward the bridge of the nose. Participants were instructed to maintain 
fixation on the target as it approached, and the convergence break point was recorded in 
centimeters, identified by the perception of diplopia or by an observable loss of binocular 
convergence. A higher value corresponded to a more remote NPC and therefore poorer near-
convergence performance. Stereopsis was assessed at near using the Randot®  test (Stereo 
Optical, Chicago, IL, USA), with habitual optical correction when required. Stereoacuity was 
expressed in arcseconds, with higher values indicating poorer stereoscopic discrimination. 
Randot®  is a widely used clinical test for quantifying stereopsis using binocular disparity 
stimuli [15].

Ocular alignment was examined at distance and near using cover test, and binocular 
motor status was recorded as exophoria, esophoria, or orthophoria, with no numerical data 
associated due to the difficulty of performing a measurement with prism bar in AD patients. 
The analysis was intended to describe the distribution of the observed motor pattern in 
each group rather than to establish a diagnosis of binocular anomaly based on this variable.

Clinical oculomotor function was assessed using an adaptation of the NSUCO (North-
eastern State University College of Optometry Oculomotor Test), a clinical procedure for 
evaluating pursuit and saccadic eye movements [16,17]. The test was performed binocularly 
using small colored fixation targets positioned in front of the participant. For pursuits, the 
target was moved along a circular trajectory in both directions; for saccadic movements, 
participants were asked to alternate fixation between two horizontally separated targets. 
According to the recording system used in this study, ability, accuracy, and associated 
postural control were scored for each modality, yielding a maximum aggregate score of 
15 points; lower scores represented poorer clinical performance. The original pediatric 
normative criteria were not applied. Scores were interpreted through direct comparison 
with the control group. Because this adapted scoring approach has not been validated in 
older adults, the aggregate score was interpreted as a measure of overall clinical oculomotor 
performance rather than as a normative diagnosis or an isolated measure of saccadic accu-
racy. Fixation stability was recorded during the oculomotor examination as a dichotomous 
clinical variable (stable or unstable) according to the participant’s ability to maintain gaze 
on the target during the task. This measure was considered a clinical estimate of fixation 
ability rather than an instrumental quantification of gaze dispersion.

2.4. Video-Oculography Assessment
In addition to the clinical examination, objective eye-movement recording was at-

tempted in a subgroup of participants with AD using the GazeLab®  video-oculography 
system (BCN Innova, Barcelona, Spain). The purpose of this component was to explore 
the feasibility of instrumental recording in this population and to complement, rather than 
confirm, the clinical NSUCO assessment. The device uses infrared eye-tracking technology 
with binocular cameras and provides quantitative outputs related to saccadic and pursuit 
eye movements.
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The GazeLab®  system has demonstrated adequate reliability and validity for the 
objective measurement of ocular motility, showing agreement with standard clinical tests 
and other previously validated video-oculography systems [18]. For this exploratory 
component, a study-specific sequence of consecutive tests was administered (Figure 1). 
Equivalent recordings were not obtained in control participants, and no external normative 
thresholds were applied. Accordingly, the video-oculographic assessment was not intended 
to provide a between-group comparison or a diagnostic classification:
• Smooth pursuit: Pursuit eye movements were assessed using a moving target following 

four different trajectories: an ellipse, a figure-eight (∞), a sinusoidal trajectory, and an 
atom-like trajectory. The number of saccadic movements per minute was recorded.

• Visual attention test: The number of distractions per minute was recorded under a 
basic attention paradigm, in which participants were instructed to maintain fixation 
on a static target.

• Saccadic eye movements: Saccades were assessed using letters (short targets), words 
(medium-length targets), and sentences (long targets). The number of eye movements 
performed per jump was recorded.

• Antisaccade task: Participants were instructed to suppress a reflexive saccade and 
generate a voluntary saccade in the opposite direction, while additional fixation targets 
appeared at different locations in the peripheral visual field. The percentage of correct 
responses was recorded.

Figure 1. Example of video-oculographic registry with the GazeLab system in one patient from the 
sample of subjects with Alzheimer’s disease.

Video-oculographic assessment could not be completed in all patients from the AD 
group owing to limitations associated with cognitive impairment, including difficulties 
understanding and following the test instructions, inability to maintain stable fixation, and 
fatigue during the assessment. These factors were considered relevant to the feasibility of 
the procedure in the study population and were considered in the interpretation of the 
findings.

2.5. Statistical Analysis
Statistical analysis was performed using SPSS v. 24.0 (IBM Corp., Armonk, NY, USA). 

Distribution of quantitative variables was examined using the Kolmogorov–Smirnov test. 
As most variables were not normally distributed, non-parametric procedures were used. 
Quantitative variables were described using mean and standard deviation, as well as median 
and range. The statistical significance of difference in such variables between the AD and 

https://doi.org/10.3390/brainsci16111185

https://doi.org/10.3390/brainsci16111185


Brain Sci. 2026, 16, 1185 6 of 13

control groups was assessed using the Mann–Whitney U test. Categorical variables were 
expressed as frequencies and percentages, and differences between groups were analyzed 
using the chi-square test. All tests were two-tailed and p < 0.05 was considered statistically 
significant. p-values were adjusted with the Benjamini–Hochberg procedure to control the 
risk of type I error due to the multiple comparisons done. Given the exploratory nature 
of the study and the number of variables analyzed, significance values were interpreted 
together with the magnitude and clinical consistency of the observed differences.

3. Results
3.1. Sample Characteristics and Overall Analysis

Thirty-six participants were analyzed: 16 with AD and 20 age-comparable controls 
without a known diagnosis of cognitive impairment or neurodegenerative disease. No 
statistically significant difference in age was observed between the groups (78.5 ± 9.4 vs. 
79.6 ± 9.1 years; p = 0.757). Table 1 presents the complete descriptive data for the recorded 
variables and the significance values of differences between groups. The AD group used 
optical correction less frequently and had a lower proportion of pseudophakia than the 
control group (p = 0.014).

Table 1. Sample characteristics and results of the comparative analysis between AD and control 
groups. Abbreviations: N, number of patients; SD, standard deviation; RE, right eye; LE, left eye; 
CDVA, corrected distance visual acuity; CNVA, corrected near visual acuity.

Mean (SD)
Median (Range)

N
(AD/Control) AD Group Control Group p-Value (g Hedges) Effect Size

(95%IC)

Age (years) 16/20 78.5 (9.4)
80.0 (61 to 92)

79.6 (9.1)
79.5 (60 to 92) 0.757 −0.12

(−0.88 to 0.57)

Spectacle use 16/20 6/16 (37.5%) 15/20 (75.0%) 0.049 —

Pseudophakia 16/20 1/16 (6.25%) 10/20 (50.0%) 0.014 —

RE logMAR CDVA 11/20 0.27 (0.25)
0.20 (0.10 to 1.00)

0.06 (0.07)
0.05 (−0.08 to 0.15) 0.023 1.33

(1.05 to 2.82)

LE logMAR CDVA 11/20 0.18 (0.16)
0.25 (0.01 to 0.49)

0.05 (0.07)
0.05 (−0.08 to 0.15) 0.005 1.91

(1.11 to 3.57)

Binocular logMAR 
CDVA 11/20 0.16 (0.13)

0.20 (0.10 to 0.52)
0.01 (0.05)

0.00 (−0.08 to 0.10) 0.003 2.04
(1.60 to 3.26)

RE logMAR CNVA 10/20 0.27 (0.22)
0.31 (0.00 to 0.70)

0.02 (0.03)
0.00 (0.00 to 0.10) 0.010 1.91

(1.18 to 3.63)

LE logMAR CNVA 10/20 0.24 (0.23)
0.15 (0.00 to 0.70)

0.02 (0.04)
0.00 (0.00 to 0.10) 0.020 1.60

(0.97 to 2.86)

Binocular logMAR 
CNVA 10/20 0.22 (0.22)

0.15 (0.00 to 0.70)
0.00 (0.03)

0.00 (0.00 to 0.10) 0.023 1.56
(1.05 to 2.70)

NPC break (cm) 10/20 16.50 (5.35)
14.50 (10 to 25)

10.80 (4.56)
11 (0 to 18) 0.466 0.67

(0.56 to 0.94)

Stereopsis (seconds 
of arc) 7/20 188.57 (64.14)

240 (120 to 240)
80.00 (24.48)

80.00 (40 to 120) 0.004 0.82
(0.66 to 1.00)

NSUCO saccadic 
movements 16/20 5.25 (3.13)

7.00 (0 to 7)
13.05 (1.47)

12.00 (12 to 15) <0.001 −3.24
(−4.01 to −3.16)

NSUCO pursuit 
movement 16/20 3.38 (3.32)

2.00 (0.00 to 8)
15.00 (0.00)

15.00 (15 to 15) <0.001 −5.15
(−7.96 to −4.11)

3.2. Visual Acuity
The AD group showed higher-distance logMAR values, indicating poorer VA, under 

both monocular and binocular viewing conditions (p ≤ 0.023; Table 1). In addition, the 
AD group exhibited greater variability in VA, as reflected by higher standard deviations. A 
similar pattern was observed for near visual acuity, with higher mean logMAR values in 
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the AD group across all three measurement conditions (p ≤ 0.023), together with higher 
standard deviations, indicating greater interindividual variability in this group.

3.3. Ocular Alignment and Stereopsis
Figure 2 shows the distribution of the type of phoria measured in the patients evaluated. 

No tropia was found in any case. At a distance, 14 of the 16 participants with AD had 
exophoria (87.5%), whereas in the control group, 11 cases from the sample of 20 (55%) 
presented exophoria (p = 0.119). At near, exophoria was observed in 15 participants with 
AD (93.8%), whereas all 20 controls were classified as exophoric (100%) in the original 
record (p = 0.466). Near exophoria was recorded in both groups and was more frequent in 
controls, whereas most participants with AD also showed an exophoric alignment pattern 
at distance.

 

Figure 2. Distribution of the type of phoria detected with cover test in AD and control groups.

The NPC break point tended to be more remote in the AD group, with a mean value 
of 16.50 ± 5.35 cm compared with 10.80 ± 4.56 cm in the control group, but differences did 
not reach statistical significance (p = 0.466). Stereopsis was also poorer in patients with AD: 
mean stereoacuity was 188.57 ± 64.14 arcseconds compared with 80.00 ± 24.48 arcseconds 
in controls (p = 0.004). Both findings indicate poorer binocular performance in the tasks 
assessed, although their interpretation should take the participants’ optical and ocular 
status into account. Stereopsis measurement was not possible in 9 subjects (56.3%) due to 
cognitive limitations.

3.4. Oculomotor Function and Fixation
NSUCO scores were significantly lower in the AD group both for smooth pursuits and 

saccadic movements (p < 0.001). Indeed, mean difference in NSUCO pursuit and saccade 
scores between control and AD groups were 11.62 and 7.80, respectively. Fixation stability 
was classified as stable in all cases in the control group, whereas only was considered stable 
in 5 patients (31.3%) in AD group (p < 0.001).

The GazeLab®  examination was feasible in only a subgroup of 10 patients from the 
AD group. Table 2 summarizes the main outcomes obtained. A higher number of saccades 
per minute was observed during pursuit tasks involving more complex trajectories, such as 
sinusoidal and atom-like trajectories. Likewise, a greater number of eye movements per 
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jump was detected during saccadic tasks involving longer targets (i.e., sentences). Only 
5.67% of correct responses were detected during the antisaccadic task.

Table 2. Results obtained in the video-oculographic evaluation with the GazeLab system in a subgroup 
of 10 AD patients. Abbreviations: SD, standard deviation.

Mean (SD) Median (Range)

Smooth pursuits (saccades/min)
Ellipse 0.00 (0.00) 0.00 (0.00 to 0.00)

A figure-eight 0.00 (0.00) 0.00 (0.00 to 0.00)
Sinusoidal trajectory 7.50 (7.91) 0.00 (0.00 to 15.00)
Atom-like trajectory 2.40 (3.10) 0.00 (0.00 to 6.00)

Visual attention (distraction/min)
Basic paradigm 1.30 (1.42) 2.00 (0.00 to 3.00)

Saccades (eye movements/jump)
Short targets (letters) 0.64 (0.34) 0.80 (0.00 to 0.80)

Medium-length targets (words) 0.73 (0.48) 0.80 (0.00 to 1.70)
Long targets (sentences) 1.56 (0.90) 1.50 (0.50 to 2.70)

Antisaccades (% of correct responses) 8.50 (8.96) 0.00 (0.00 to 17.00)

4. Discussion
The main finding of this preliminary study is that patients with mild-to-moderate AD 

performed more poorly than controls across several components of visual, binocular, and 
oculomotor function. Differences involved VA, NPC, stereopsis, clinical saccade and pursuit 
scores, and fixation stability. Taken together, this pattern is consistent with contemporary 
reviews describing simultaneous impairment of afferent and efferent visual functions in 
AD [1–9]. However, the cross-sectional and exploratory nature of the study precludes 
determining whether the observed differences directly reflect the neurodegenerative process, 
concomitant ocular factors, or an interaction between the two.

Monocular and binocular VA was poorer in the AD group than in the control group. 
This finding is consistent with previous studies describing reduced VA and other visual 
functions in people with AD [1,2]. All visual tests were performed with the habitual distance 
or near correction appropriate for the task. Although participants underwent periodic 
ophthalmological follow-up, no study-specific refraction or comprehensive ocular health 
examination was performed. Consequently, the habitual correction cannot be considered 
confirmed best correction, and the influence of residual refractive error, cataract, or other 
ocular-media opacity cannot be excluded. VA also depends on retinal function, cortical 
processing, and the ability to respond to the task. The same testing procedure was applied 
in both groups; nevertheless, the substantial between-group differences in spectacle use and 
pseudophakia may have influenced the VA findings. Therefore, the poorer VA observed 
cannot be attributed exclusively to AD or to cortical dysfunction. In addition, studies linking 
visual abnormalities to patterns of cerebral neurodegeneration support the plausibility of a 
central component but do not eliminate the need for rigorous control of optical and ocular 
factors [19].

Stereopsis was markedly poorer in the AD group. Stereoscopic perception requires 
adequate binocular correspondence and the cortical integration of disparity signals across 
multiple visual areas [20]. Accordingly, reduced stereoacuity may reflect a combination 
of optical and binocular limitations, as well as reduced efficiency of visuoperceptual pro-
cessing. In the present sample, however, the lack of comprehensive refractive and ocular 
characterization limits the interpretation of this finding. Thus, it should be regarded as a 
functional difference between groups rather than as isolated evidence of a cortical abnor-
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mality specifically associated with AD. Previous studies have shown that patients with AD 
and mild cognitive impairment retain the ability to process coarse binocular disparities, 
supporting their performance in everyday tasks such as reaching, grasping, driving, and 
navigation [21]. Conversely, other studies have reported that impaired depth perception in 
patients with AD may contribute to visuospatial deficits [22]. Discrepancies among studies 
may be attributable to differences in sample characteristics, including disease severity and 
the clinical stage of the patients included. In addition, stereopsis assessment may impose a 
substantial cognitive demand, potentially affecting test performance in patients with greater 
cognitive impairment. In the present study, stereopsis could not be assessed in 9 participants 
(56.3%) because of such limitations. Therefore, the possibility that cognitive impairment 
contributed to the observed group difference and to the high proportion of unmeasurable 
results should be considered when interpreting these findings.

The NPC was more remote in participants with AD. An exophoric alignment pattern 
was common in both groups at near and was also observed in most participants with AD at 
distance. Although exophoria is commonly observed at near, its predominance at distance 
in the AD group is less typical. This finding is presented as a descriptive observation, and 
its clinical relevance requires confirmation in larger samples. Convergence is a complex 
binocular response that integrates sensory, accommodative, and motor mechanisms and 
involves supranuclear and oculomotor circuits [23]. Our findings are consistent with those 
reported by Jiménez and coauthors, who observed altered vergence eye movements and 
pupil responses in patients with AD and mild cognitive impairment during an oddball 
task [24]. However, research on vergence abnormalities in AD remains limited, possibly 
in part because of the difficulties involved in performing these assessments in cognitively 
impaired patients. Further studies are therefore warranted using visual tests with lower 
cognitive demands that allow rapid and objective assessment of the vergence response. In 
addition, further research is needed to characterize the prevalence and clinical significance 
of binocular disorders in patients with AD. This is particularly relevant because other 
neurodegenerative diseases have also been associated with convergence insufficiency [25].

The largest descriptive differences were observed in clinical oculomotor performance. 
Patients with AD had lower NSUCO scores for both saccadic and smooth pursuit eye 
movements, consistent with previous studies documenting oculomotor abnormalities in 
AD using objective eye-tracking techniques [26–28]. It is important, however, to distinguish 
between these approaches. The NSUCO test provides an aggregate clinical assessment 
that combines ability, accuracy, and associated head or body movements. Consequently, its 
total score cannot be interpreted as an isolated measure of saccadic accuracy, nor does it 
directly quantify parameters such as latency, amplitude, gain, or velocity. Nevertheless, the 
reliability of this clinical assessment has been established [17], and NSUCO scores have 
also been shown to correlate with objective eye-tracking measures [29]. Therefore, our 
findings support previous evidence of altered saccadic and smooth pursuit performance in 
patients with AD. Video-oculography was feasible in only a subgroup of participants with 
AD and was not performed in the control group. Consequently, these recordings cannot 
provide a between-group comparison or establish diagnostic validity. The study-specific 
outputs should be regarded as preliminary observations of feasibility and task performance. 
Although the patterns observed during pursuit and saccadic tasks may be compatible with 
oculomotor difficulty, they may also reflect attentional load, comprehension, fatigue, and 
the degree of cognitive impairment. Controlled studies using standardized metrics are 
required before these observations can be interpreted clinically.

The GazeLab®  technology also enabled the assessment of other visual functions, includ-
ing visual attention and antisaccade performance. The presence of distractibility during the 
basic visual attention task was not unexpected, given that impairments in visual attention 
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have been widely documented in patients with AD [30]. This finding is also consistent 
with the lower proportion of patients in the AD group who demonstrated stable fixation 
in the NSUCO evaluation. Attentional deterioration can occur during the early stages of 
AD and may contribute to functional decline [30]. In addition, a low proportion of correct 
responses was observed during the antisaccade task. An antisaccade is a voluntary eye 
movement directed away from, rather than toward, a newly presented visual stimulus 
and therefore requires the suppression of a reflexive saccadic response. Our findings are 
consistent with previous studies showing that patients with AD make more fixations to-
ward distractors during visual attention tasks than age-matched neurologically healthy 
controls [31]. Similarly, the reduced performance observed in the antisaccade task is in 
agreement with previous reports of impaired inhibitory control of visually elicited saccades 
in AD [32]. Antisaccade performance has been proposed as a sensitive measure of executive 
and inhibitory control and may detect abnormalities even in patients with mild AD or 
at presumed prodromal stages of the disease [33]. Previous studies have also reported 
increased antisaccade error rates in patients with mild AD compared with age-matched 
controls, supporting the presence of impaired inhibitory control even in relatively early 
stages of the disease [33].

This study has several limitations that should be considered when interpreting the 
results. First, the sample size was small, and a convenience sampling approach was used, 
which limits the generalizability of the findings. The groups were recruited and examined 
at two different clinical sites, and the examiners were not masked to group status. This 
may have influenced subjective clinical outcomes. The control group did not undergo 
formal cognitive screening, and individual MMSE or CDR scores were unavailable for 
the AD group. Detailed medication, BMI, and comorbidity data were not collected sys-
tematically. All participants with AD were receiving pharmacological treatment, but the 
specific agents and doses were not recorded. Diabetes was not documented in the available 
clinical histories, whereas hypertension was common but was not systematically coded. 
These limitations restricted the clinical characterization of the groups and the assessment 
of potential confounding factors.

Although participants underwent periodic ophthalmological follow-up, the study 
did not include a study-specific refraction or a comprehensive ocular health examination. 
Habitual correction was used in both groups according to the testing distance, but residual 
refractive error, cataract, other ocular-media opacity, and the between-group differences in 
spectacle use and pseudophakia may have influenced VA, stereopsis, and NPC. In addition, 
several clinical tests contained a subjective component and depended on understanding 
the instructions, sustained attention, fatigue, and cooperation. Lower scores in the AD 
group may therefore reflect the combined influence of visual, oculomotor, and cognitive 
performance rather than an isolated visual or oculomotor deficit.

Second, the cross-sectional design precludes the establishment of temporal or causal 
relationships between visual abnormalities and cognitive decline. Nevertheless, the compar-
ative design, involving participants with AD and age-comparable controls without a known 
diagnosis of cognitive impairment or neurodegenerative disease, allows the identification 
of patterns of between-group differences in selected clinical variables. The adapted NSUCO 
scoring approach has not been validated in older adults, and the original pediatric norms 
were not applied; the findings should therefore be interpreted as differences in overall 
clinical oculomotor performance. The dependence on participants’ understanding and co-
operation also affected video-oculography, which could not be completed in the entire study 
sample. Although previous studies have investigated visual and oculomotor alterations in 
AD, a substantial proportion of the literature has focused on early-stage disease, including 
mild cognitive impairment, in which participants may be better able to perform cognitively 
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demanding experimental tasks. Therefore, the present findings provide complementary 
information regarding the assessment of visual function in patients with more established 
cognitive impairment, while also highlighting the methodological challenges associated 
with testing this population. Furthermore, given the exploratory nature of the study and 
the large number of variables analyzed, statistical significance should be interpreted with 
caution. The video-oculographic component was restricted to a subgroup of participants 
with AD, without control recordings or external normative data, and used study-specific 
output metrics. These observations therefore represent feasibility data only and cannot 
support group-level or diagnostic inferences.

5. Conclusions
In this study, patients with moderate AD tend to perform more poorly than age-

comparable controls in VA, stereopsis, fixation, and clinical measures of oculomotor func-
tion. Taken together, these preliminary findings describe clinically relevant group-level 
differences and support the potential value of incorporating visual function into the com-
prehensive assessment of these patients. The exophoric alignment pattern was present 
in both groups, and the lower NSUCO scores should be interpreted as reduced overall 
clinical oculomotor performance rather than as an isolated deficit in saccadic accuracy. 
Video-oculography may complement clinical oculomotor assessment in future research. In 
the present study, however, recordings were available only from a subgroup of participants 
with AD, without a control comparator or an external normative reference; these observa-
tions should therefore be regarded solely as preliminary feasibility data. More broadly, the 
observed clinical differences are not specific to AD and, given the current study design and 
sample size, should not be interpreted as independent diagnostic biomarkers. Confirmation 
of their clinical utility will require longitudinal studies with larger samples, rigorous control 
of refractive and ocular factors, and comprehensive cognitive and biological characterization 
of participants. Importantly, the present study included patients with moderate AD, a pop-
ulation in whom cognitive impairment may pose additional challenges for the performance 
of clinical and experimental visual assessments. Previous research has frequently included 
individuals with mild cognitive impairment or earlier stages of AD, although studies have 
also examined oculomotor alterations in patients with mild-to-moderate AD. Therefore, 
the present findings should be considered complementary to the existing literature and 
may contribute to a better understanding of the feasibility and clinical relevance of visual 
and oculomotor assessment in patients with more established cognitive impairment. In 
this context, combining easily administered optometric tests with objective measures of 
ocular motility represents a reasonable strategy for future research aimed at identifying 
complementary functional markers of disease-related changes.
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