Saccadic eye movements differentiate Functional Cognitive Disorder from Mild Cognitive
Impairment

Abstract

Functional Cognitive Disorder (FCD) is a type of Functional Neurological Disorder
characterised by subjective cognitive complaints not fully attributable to brain injury, disease,
or other neuropathological or psychiatric conditions. FCD is a cognitive impairment but does
not necessarily “convert” to cognitive decline. However, FCD is common in Memory Clinics
worldwide and currently there is a lack of tests to objectively assess FCD. Establishing whether
memory complaints are functional or not is vital for clinicians and objective tests are required.
Previous research indicates that early-stage Alzheimer’s disease can be differentiated from
healthy individuals by antisaccade eye-movement. Therefore, eye-movements may be able to
objectively ascertain whether self-reported memory complaints are functional in nature.

In this study, FCD participants were Memory Clinic patients who self-reported memory
complaints but showed internal inconsistency regarding memory issues on memory tests.
Participants with FCD were compared to Mild Cognitive Impairment (MCI) patients and
healthy controls (HC) on antisaccadic and prosaccade eye-movement tasks. The parameters
obtained were reaction-time (RT) mean and SD and antisaccade error-rate.

MCI differed significantly from HC in antisaccade RT-mean, RT-SD, error-rate and from FCD
antisaccade RT-mean, RT-SD, and error-rate. FCD did not differ significantly from HC for
antisaccade parameters. However, FCD differed significantly from HC for prosaccade RT-
mean, RT-SD. MCI did not differ significantly from HC or FCD in prosaccade parameters.

These results indicate that eye movement tasks could ultimately aid clinicians in diagnosis of
FCD. With additional research into sensitivity and specificity, eye movement tasks could
become an important feature of memory clinics.



Introduction

Functional Cognitive Disorder (FCD) is a type of Functional Neurological Disorder
characterised by self-reported memory or cognition complaints not fully attributable to brain
injury or disease (McWhirter et al., 2020; Silverberg & Rush, 2024). FCD can affect patients
of all ages (Pennington, et al., 2015), however, in older adults it is sometimes confused with
neurodegenerative diseases. Older adult patients may present to Memory Clinics because they
are concerned about a perceived memory or cognitive deficits which they believe may be
related to cognitive decline or impending dementia. However, importantly, for patients with
FCD these complaints may be internally inconsistent (Ball et al., 2020) and may not be
supported by objective neuropsychological assessments, neuroimaging, or laboratory tests
(Stone et al., 2015). FCD can resemble several cognitive disorders like dementia due to
Alzheimer’s or alcohol-related cognitive impairments. Diagnosis of FCD therefore requires
careful consideration by healthcare experts who must differentiate it from other conditions with
similar symptoms. Current diagnostic methods involve thorough interpretation of medical
history, precise neuropsychological examinations, and sometimes diagnostic tests including
CT, MRI, thus resulting in the utilisation of healthcare resources and a high direct and indirect
cost (Stone et al., 2015). Often clinicians consider FCD as being a “diagnosis of exclusion” or
clinicians may confuse FCD with feigning or malingering (Van Patten & Bellone, 2023).
Currently knowledge of specific diagnostic tools available to screen FCD is lacking (Cabreira
et al., 2023). FCD cases constitute a significant portion of patients seen in Memory Clinics
(Borelli et al., 2022). Clinicians working in these specialised settings are often faced with the
daunting task of distinguishing between cognitive complaints that are functional and those that
are indicative of an underlying neurodegenerative disease. The absence of clear diagnostic
markers and the reliance on subjective reports make this a formidable challenge. To address
this issue, there is an urgent demand for objective assessments that can assist in differentiating
FCD from cognitive disorders attributable to brain injury or disease. By identifying the
presence of FCD then patients could receive appropriate care.

Cognitive impairment, typically observed in neurodegenerative conditions such as Alzheimer's
disease is associated with measurable deficits in cognitive domains characterised by
impairments in memory, language, executive function, or visuospatial skills (Kirova et al.,
2015). In contrast, individuals with FCD may experience subjective cognitive difficulties but
may demonstrate internal inconsistency and there is a heterogeneity of presentation within
FCD, which includes subjective cognitive complaint with objective impairment, subjective
cognitive complaint with no objective impairment, and informant complaint of cognitive
trouble with and without evidence of objective impairment. However, note that there is often a
distinction between objective and subjective impairment (Pennington et al., 2015) and self-
reported cognitive complaints in an individual does not inherently signal the initiation of



cognitive decline. Jessen et al. (Jessen et al., 2020) have reported that, intriguingly, only a
minority of individuals with FCD progress to clinically confirmed dementia. Recent advances
in neurocognitive research have opened up exciting possibilities for objective diagnostic tools
in the assessment of cognitive complaints. One particularly promising avenue of investigation
is the role of eye movements in distinguishing between functional and systemic cognitive
complaints. The potential of eye movements as a diagnostic tool is supported by previous
research, particularly in the context of Alzheimer's disease and Mild Cognitive Impairment
(MCI). Wilcockson et al. (Wilcockson et al., 2019) reported that individuals with MCI or
Alzheimer's disease could be differentiated from healthy controls based on antisaccade eye
movement deficits. The results indicate that cognitive decline is associated with deficits in the
inhibitory control of saccadic eye movements. This finding suggests that specific patterns of
eye movements may serve as objective markers of cognitive impairment and therefore could
potentially be applied to distinguish between functional and systemic cognitive complaints.

Antisaccade eye movements are voluntary eye movements that involve looking in the opposite
direction of a suddenly presented distractor. The antisaccade task requires the individual to
actively inhibit automatic responsive eye movements and instead look in the opposite direction.
This task engages various cognitive processes, including inhibitory control, working memory,
and top-down goal-directed behaviour (Munoz & Everling, 2004). The ability to perform
antisaccades relies on intact executive functions, which encompass a range of higher-order
cognitive processes involved in goal-setting, planning, and response inhibition. Deficits in
executive functions are a common feature in neurodegenerative conditions such as Alzheimer's
disease (Perry & Hodges, 1999). Therefore, antisaccade eye movements offer valuable insights
into the integrity of cognitive processes and, by extension, the presence of functional or
systemic cognitive issues.

FCD, like Functional Neurological Disorder (FND), is thought to have predisposing,
precipitating, and perpetuating factors (Hallett et al., 2022). Individuals with FCD may have
intact cognition and memory but may misattribute normal everyday memory lapses to
neuropathology (Wakefield et al., 2018), especially in elderly people who may attribute normal
ageing-related memory lapses to a fear of cognitive decline (Silverberg & Rush, 2024). Elderly
people may ruminate and excessively focus on these perceived lapses in memory which could
be driven by a heightened awareness of any cognitive difficulties. If this is the case then
conscious compensation of attentional resources may therefore occur as a coping mechanism
to ensure that potential lapses are monitored and subsequently corrected. Although highly
speculative, if individuals with FCD are acutely aware of their cognitive challenges, they might
make conscious efforts to compensate for perceived lapses in attention. This compensation
could involve strategies such as slowing down, focusing more deliberately on tasks, or
allocating additional mental effort to maintain attention. Thus conscious monitoring of
attention may delay processing speed, but improve perceived accuracy. Therefore, in FCD,
rumination can cause attentional lapses as more effort and conscious compensation is used to
monitor own performance (Pennington et al., 2015; Stone et al., 2015). If this is the case, we
would expect to find increased top-down control of attentional processes.



The antisaccade is by nature a top-down goal-directed saccadic task. The act of inhibiting a
saccade is effortful and automatic processes cannot be relied upon. This type of saccade task
is distinct from the prosaccade task, where instead participants are told to direct their eyes as
quickly and as accurately toward a target, rather than away. Therefore, the prosaccade is a task
which measures reflexive bottom-up movements of the eye. This distinction is important, as
attentional processing speed has been hypothesised to be impaired in FCD (Teodoro et al.,
2018). If FCD patients are consciously monitoring attention, then bottom-up reflexive eye
movement may be impaired as a result of this. Therefore it may be that FCD patients would
demonstrate delayed prosaccade eye movements, however, as there are no issues attributable
to brain injury or disease affecting eye movement inhibitory control, we would not expect a
reflexive antisaccade deficit. Research regarding prosaccade performance in MCI groups is
mixed (Opwonya et al., 2022), however, research typically indicates that MCI participants are
not so readily impaired on this task due to its simplicity in directing attention. It seems that
deficits on prosaccade tasks only exist when a participant hypothetically has slower processing
speed as a result of increased control over attention (Teodoro et al., 2018). Therefore, if FCD
patients are consciously monitoring attention, then bottom-up reflexive eye movement may be
impaired. This would therefore be measured as a delayed prosaccadic eye movement. The
antisaccade task itself requires cognitive control of eye movements (rather than reflexive) and
would therefore not be negatively impaired by increased conscious monitoring of attention. If
this is the case, then this distinct pattern of eye movements would indicate a specific eye
movement profile for FCD and may aid clinicians in patient diagnosis.

The present study aims to investigate the utility of antisaccade and prosaccade eye movements
in distinguishing individuals with FCD from those with MCI and healthy controls. The primary
objective is to explore whether specific patterns of antisaccade and prosaccade eye movements
can differentiate each participant group. Our first hypothesis posits that individuals with FCD,
despite reporting memory complaints, will exhibit performance on antisaccade eye movement
tasks comparable to healthy controls. This hypothesis is grounded in the assumption that, if the
cognitive complaints in FCD are truly functional and not indicative of underlying
neurodegenerative processes, then performance on tasks involving executive functions, such
as the antisaccade task, should mirror that of individuals without cognitive complaints. Our
second hypothesis predicts that individuals with FCD would demonstrate prosaccade deficits
not present in either the MCI or healthy control groups as FCD has been previously observed
to lead to more deliberate and controlled attention (Pennington et al., 2015; Stone et al., 2015).
To test these hypotheses, a comprehensive assessment involving a sample of Memory Clinic
patients with FCD, MCI, and a cohort of healthy controls was conducted. Participants
underwent a battery of standardised neuropsychological tests to confirm their diagnostic
classification and completed antisaccade and prosaccade eye movement tasks to evaluate their
eye movement performance.

Methodology

Participants



Participants were men and women between the ages of 55 and 90, with at least 11 years of
education and fluent English-speakers. Of these, 22 were categorised as FCD, 31 had a
diagnosis of MCI, and 72 were age-matched and education-matched cognitively healthy people
to act as control participants (see Table 1). Control participants were recruited from the local
community or were the spouse/partner of the FCD/MCI participants. All participants were
white British or European. FCD and MCI participants were recruited through Memory Clinics
in the National Health Service (NHS) where they had been referred following subjective
memory complaints. The final sample size of 125 participants (FCD: 22, MCI: 31, Control: 72)
was determined by a combination of factors. First, we aimed to recruit a sufficient number of
participants within each group to ensure adequate statistical power for our analyses. Second,
our sample size was constrained by the budgetary limitations of the grant, which influenced
the recruitment and data collection efforts. Pre-screening of participants by a clinician ensured
that all participants met the eligibility criteria of the study prior to our data collection. Note,
there were no dropouts. However, not all participants were invited to participate in both
antisaccade and prosaccade tasks due to time constraints. The number of each participants in
each task can be found in Table 2.

MCI participants received a clinical diagnosis following a full assessment with a dementia
specialist. Those with a diagnosis of MCI met the following criteria: (1) subjective complaints
of memory decline (reported by the person themselves or an informant); (2) objective memory
or other cognitive impairment (considered when scores on standard cognitive tests were >1.5
SDs below age/education adjusted norms) with or without deficits in other cognitive domains;
(3) intact daily-life activities (Petersen, 2004).

Those categorised as FCD met the Ball, et al. (2020) criteria: (i) Symptoms of impaired
cognitive function (subjective complaints of memory decline reported by the person themselves
or an informant); (ii) Clinical evidence of internal inconsistency (patient subjective cognitive
decline was not supported by objective memory tests: ascertained by MoCA scores >26 and
FCSRT free recall scores > 50% and total scores > 90%: see below); (iii) Symptoms or deficit
that are not better explained by another medical or psychiatric disorder (patients were screened
for other medical or psychiatric disorders); and (iv) Symptoms or deficit that cause clinically
significant distress, or warrants medical evaluation (patients were seeking medical evaluation
at a Memory Clinic); additionally, FCD patients had intact daily-life activities.

All participants were screened for visual acuity using the Snellen’s chart and intact colour
vision according to the Ishihara test (Ishihara, 1983). All potential participants were not
eligible for the study if they had a previous history of head trauma, stroke, cardiovascular
disease, active or past alcohol or substance misuse or dependence (participants reporting over
20 units of weekly alcohol consumption were also excluded), or any physical or mental health
condition (including depression). Those with a global or specific learning disability were also
not eligible to participate in the study. All participants had the capacity to consent to
participation in the study and signed informed consent. Ethics’ Committee approval was
granted by Lancaster University and NHS Health Research Authority (IRAS project ID:
81660).



Table 1. Descriptive statistics (SD) of participants including cognitive assessment (MoCA) scores for
each group.

Functional Mild

Cognitive  cognitive Control

Disorder  impairment participants FCD-MCI  FCD-HC MCI-HC
Age 68 (6.9) 71 (6.0) 69 (8.7) 261 .809 377
Sex (% male) 45.5% 35.5% 33.0% 754 .999 .646
MoCA total score 27 (0.9) 21 (4.0) 27 (1.7) <.001* .802 <.001*
FCSRT — Free Recall  33.5(4.9) 18.8(7.3) 35.2(6.1) <.001* .542 <.001*
FCSRT - Total 472 (1.5) 448(4.8) 47.6(1.2) .028* .878 .001*
Education years 12.6 (4.2) 13.1(4.0) 12.5(2.7) .821 .998 .715
Weekly alcohol units 3.4 (5.2)  4.8(8.8) 7.3 (0.4) .820 .166 393

MoCA - Montreal Cognitive Assessment; FCSRT - Free cued selective reminding task free recall and
total score

Stimuli and Tasks

Eye tracking assessment utilised the Antisaccade Task (AST) and Prosaccade Task (PST),
while cognitive functions were evaluated using the Montreal Cognitive Assessment (MoCA)
and the Free and Cued Selective Reminding Test with Immediate Recall (FCSRT-IR).

Apparatus

For eye-tracking, the EyeLink Desktop 1000 eye-tracker (SR Research) with a sampling rate
of 500 Hz was employed. Participants were positioned 55 cm from the monitor (60 Hz), with
their dominant eye determined using the Miles test. The EyeLink Desktop 1000 was controlled
by the Experiment Builder software (SR Research) to manage stimulus events during eye-
tracking tasks.

Antisaccade Task (AST)

Each AST trial began with a 1-second instruction screen, indicating that the participant should
focus on the target. A central fixation target in white on a black background was displayed for
one second, followed by a 200ms blank interval before the appearance of the red saccade
distractor. The distractor appeared randomly 4 degrees away from the fixation target, either on
the left or right side, for 2 seconds. Participants were instructed to fixate at the central point
and then generate a saccade to the opposite screen position as soon as the distractor appeared.
The AST comprised a total of 24 antisaccade trials. There were an additional four practice trials
too. The variables obtained from the AST were reaction time (RT) mean and standard deviation
(SD). These variables indicate inhibition latency and inhibition latency variability. Antisaccade
errors were also computed i.e. the number of incorrect saccades during the AST.

Prosaccade Task (PST)



The PST followed the same format as the AST, except the participant was told to look toward
a target rather than away from the distractor. Each PST trial began with a 1-second instruction
screen, indicating that the participant should focus on the target. A central fixation target in
white on a black background was displayed for one second, followed by a 200ms blank interval
before the appearance of the green saccade target. The target appeared randomly 4 degrees
away from the fixation target, either on the left or right side, for 2 seconds. Participants were
instructed to fixate at the central point and then generate a saccade to the target position as soon
as it appeared. The PST comprised a total of 14 antisaccade trials. There were an additional
four practice trials too. The variables obtained from the PST were reaction time (RT) mean and
standard deviation (SD). These variables indicate prosaccade latency and variability.

Montreal Cognitive Assessment (MoCA)

Montreal Cognitive Assessment (Nasreddine et al., 2005), is a brief screening tool for
Alzheimer’s dementia, assessing attention and concentration, executive functions, memory,
language, visuoconstructional skills, conceptual thinking, calculations, and orientation. Scores
ranged up to 30, with 26 or more considered normal.

Free Cued Selective Reminding Task Immediate Recall (FCSRT-IR)

Memory was evaluated with the Free Cued Selective Reminding Task Immediate Recall
(FCSRT-IR: (Grober & Buschke, 1987)). Participants memorised line drawings of
recognisable objects (e.g., grapes) with unique category cues (e.g., fruit). The recall process
involved presenting cards with 16 items, and participants pointed to and named each item after
its cue. A test phase followed, including three recall trials with free and cued recall measures.
Free recall scores ranged to 48, with scores below 50% indicating memory impairments. Total
scores also ranged to 48, with scores below 90% indicating memory impairments.

Data Processing

Raw eye-tracking data from EyeLink DataViewer were analysed offline using custom software
(Mardanbegi et al., 2019). Noise and spikes were filtered by removing all the frames where the
velocity signal was greater than 1,500 deg/s or the acceleration signal was greater than 100,000
deg/sec®. All the fixations and saccadic events were detected by the EyeLink parser, and
saccade properties were stored in a table. Microsaccades with amplitude less than 0.7 deg were
filtered out. This filtering step was implemented to minimise the influence of low-amplitude,
potentially involuntary eye movements, and to focus on the larger saccadic eye movements
associated with voluntary and reflexive attentional shifts. Saccade latency was measured from
onset to target onset, including saccades within the 80-700 ms window after target onset to
exclude anticipatory saccades (see Boz, et al., 2024; Wilcockson, et al., 2019). Participant eye
movement metrics over four SD away from the group mean were excluded from analyses. This
resulted in one healthy control excluded from the prosaccade mean RT analyses.



Statistical analysis

The overall aim was to compare the performance of individuals with FCD, MCI, and healthy
controls on the antisaccade and prosaccade tasks. The primary outcome measures were the
reaction time (RT) mean and RT standard deviation (SD) from the trials where participants
made correct eye movements, as well as the overall error rate. One-way analyses of variances
are performed for each group across the five variables of interest in order to observe broad
group differences. To test the hypothesis that individuals with FCD would perform similarly
to healthy controls on the antisaccade task, independent t-tests were conducted between the
FCD and healthy control groups for antisaccade RT mean, RT SD, and error rate. Similarly, to
examine whether individuals with FCD would demonstrate prosaccade deficits compared to
healthy controls and MCI groups, independent t-tests were conducted between the FCD group
and both the healthy control and MCI groups for prosaccade RT mean, RT SD, and error rate.

Additionally, a Bayes factor with default prior scales is computed for each analysis yielding a
null result (Love et al., 2019; Morey & Rouder, 2014; Rouder et al., 2012). Bayesian analyses
were also conducted to provide additional insights into the strength of evidence for or against
the null hypotheses. Computing a Bayes factor provides us with the ability to meaningfully
interpret p-values > .05. Therefore, a BF10 < 0.33 indicates some evidence for the null
hypothesis. BF10 > 3 provides strong evidence for the alternate hypothesis (Rouder et al.,
2012).

Prior to conducting the independent t-tests, the data for each outcome measure were assessed
for normality using Kolmogorov-Smirnov and homogeneity of variance Levene's test. Where
the data was found to be non-normally distributed a Mann-Whitney U test is reported in place
of the independent sample t-test and where the data was found to be heteroscedastic and equal
variances are not assumed, then a Welch’s t-test is conducted.

Results

Firstly, a series of one-way ANOVAs revealed significant group differences for antisaccade
RT Mean (F(2, 104) = 8.669; p<.001), antisaccade RT SD (F(2, 104) = 6.838; p = .002),
antisaccade error rate (%: F(2,106) = 7.882; p <.001), prosaccade RT Mean (F(2,96) = 3.772;
p =.027), and prosaccade RT SD (F(2,97) = 3.290; p = .042). It was then confirmed that the
MCI group differed significantly from healthy controls in terms of antisaccade RT mean [t(81)
=3.866; p < .001], antisaccade RT SD [t(81) = 3.508; p <.001] and antisaccade error rate [U
=1092; p=.020], in all cases indicating the MCI group were impaired compared to the controls.
Interestingly, the FCD group did not differ significantly from healthy controls for either
antisaccade RT mean [t(74) = .688; p = .494; BF10 = .315], antisaccade RT SD [t(74) = .928;
p =.356; BF10 = .371], nor antisaccade error rate [U = 556; p = .666; BF10 = .276] but FCD
did differ significantly from MCI antisaccade RT mean [t(49) = 3.033; p = .004], antisaccade
RT SD [t(49) = 2.234; p = .030], and antisaccade error rate [U = 468; p = .022], indicating that
the MCI group were significantly more impaired than the FCD group. These results may



indicate that FCD perform more similarly to controls than they do to MCI patients on the
antisaccade task (see Table 2).

Table 2. Means and standard deviation of pro and antisaccade performance in each group
FCD- FCD- MCI-

FCD MCI HC Mcl HC HeC
N M N M N M p p p
Antisaccade RT Mean (ms) 22 353 (595) 29 414 (81) 54 340(85) .004* .494 <.001*
Antisaccade RT SD 22 86 (24) 29 105 (35) 54  79(31) .030* .356 <.001*

Antisaccade error rate (%) 22 10(11) 29 27 (30) 54 11(12) .022* .666 .020*
Prosaccade RT Mean (ms) 15 231(50) 10 214 (23) 73 199 (42) .257 .012* .293
Prosaccade RT SD 15 57(23) 10 54 (39) 73 40(28) .761 .022* .142

Note. Significant differences between groups are denoted by *

Analyses were then conducted on the prosaccade task. It was found that the MCI group did not
differ significantly from healthy controls in terms of prosaccade RT mean [t(80) = 1.060; p =
.293; BF10 = .500] nor prosaccade RT SD [t(81) = 1.484; p = .142; BF10 = .759]. Indicating
evidence that MCI patients may have intact prosaccade eye movements. Interestingly however,
the FCD group were significantly more impaired that the healthy controls for prosaccade RT
mean [t(85) =2.578; p=.012] and prosaccade RT SD [t(86) =2.329; p =.022], but despite the
lack of significant difference between MCI and healthy controls and the difference between
FCD and healthy controls, FCD surprisingly did not differ significantly from MCI prosaccade
RT mean [t(20.87) = -1.166; p = .257; BF10 = .542] and prosaccade RT SD [t(23) =-.308; p =
.761; BF10 = .386]. These results may indicate that FCD may differ from healthy controls in
terms of prosaccade performance, but their prosaccade performance may not be too distinct
from MCI (see Figure 1).
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Figure 1. Graphs demonstrating how the different groups are differentiated by the different saccade tasks. MCI
differs from both FCD and HC in terms of antisaccade latency (ms) whereas HCs and FCDs differ in terms of
prosaccade latency (ms) and MCI and HCs differ in terms of prosaccade latencies (ms) too.

Finally, correlations between the saccadic parameters and cognitive performance variables for
the patients with FCD and MCI, as well as HCs are shown in Table 3. It was revealed that the
MoCA was associated with performance on antisaccade RT SD for FCD and MCI, antisaccade



error rate for MCI, and antisaccade RT mean for HCs. The FCSRT free recall was associated
with antisaccade RT mean in HCs and the FCSRT total score was associated with antisaccade
RT mean and antisaccade error rate in the HCs. Neither prosaccade measure were associated
with any of the cognition scores. Overall, these results indicate that within-groups associations
between eye movement measures and cognitive scores were sparse and inconsistent. There was
a trend for antisaccade performance to be associated with MoCA score, but this was not
consistent across all groups.

Table 3. Correlations between saccadic parameters and cognitive performance variables

Antisaccade Antisaccade Antisaccade Prosaccade Prosaccade
RT Mean RT SD error rate (%)  RT Mean RT SD
FCD .054 -517* -.300 -.114 -210
MoCA total MCI  -.085 -.503* -.545%* -.245 -.269
score HC -.344%* -.089 -.190 182 .196
FCD 211 -.281 -253 -.017 .028
FCSRT — MCI -.044 -.245 -433 118 -.059
Free Recall HC -.368* -.169 -279 392 .038
FCD -.113 -.242 -.033 -.462 .030
FCSRT - MCI .131 .065 .037 -.092 -.596
Total HC -.532% -.255 -.545% -.134 271

Discussion

The present study aimed to investigate the utility of antisaccade and prosaccade eye movement
tasks in differentiating individuals with FCD from those with MCI and healthy controls. The
findings provide intriguing insights into the potential role of eye movements as objective
markers in the assessment of functional cognitive complaints. The first hypothesis, suggesting
that individuals with FCD would exhibit performance on antisaccade tasks comparable to
healthy controls, was supported. FCD participants did not significantly differ from healthy
controls in antisaccade reaction time mean or standard deviation. This finding implies that the
inhibitory control of saccadic eye movements, a process primarily associated with intact
executive functions, appears to be preserved in individuals with FCD, aligning with the
functional nature of their cognitive complaints. Interestingly, FCD participants exhibited
antisaccade performance more similar to healthy controls than to MCI patients, suggesting a
potential distinct profile in eye movement performance for FCD. Contrastingly, the second
hypothesis proposing that individuals with FCD would demonstrate prosaccade deficits not
present in either the MCI or healthy control groups was partially supported. FCD participants
differed significantly from healthy controls in prosaccade reaction time mean and standard
deviation, indicating altered performance in reflexive bottom-up eye movements. However, the
lack of significant differences between FCD and MCI in prosaccade performance suggests a
more nuanced relationship. The discrepancy between FCD and MCI in prosaccade tasks may
reflect the complex interplay between conscious compensatory mechanisms and cognitive
processes implicated in bottom-up attentional control.



The findings demonstrate preserved antisaccade performance observed in individuals with
FCD aligns with the notion that these individuals might employ compensatory strategies to
consciously monitor and adjust for perceived lapses in attention (Pennington et al., 2015; Stone
et al., 2015). While this compensatory effort maintains inhibitory control in antisaccade tasks,
it may result in altered performance in prosaccade tasks, reflecting a potential impact on
reflexive bottom-up attentional processes. The analyses provide evidence suggesting that
individuals with suspected FCD may exhibit delayed prosaccade performance while
maintaining intact antisaccade performance. This pattern differs from that observed in MCI
patients, who exhibit intact prosaccade but impaired antisaccade (Wilcockson et al., 2019).
This contrast suggests that MCI patients may face challenges specifically related to inhibitory
control in eye movement saccades, a difficulty not shared by FCD patients. Additionally, MCI
patients are not impaired in prosaccade latency (RT and SD), unlike FCD patients, indicating
a distinction in their abilities. This suggests that FCD patients may experience delayed
prosaccades, aligning with theories associating FCD with more deliberate and controlled
attention. The results imply that patients with FCD maintain intact top-down processing of
visual stimuli, whereas their bottom-up processing of stimuli is impaired, resulting in delayed
voluntary eye movements. Consequently, these findings suggest that rumination about
cognitive decline may impact bottom-up processing due to the conscious monitoring of
attentional lapses. While the cause of increased rumination about cognitive decline is beyond
the scope of this paper, given the absence of issues attributable to brain injury or disease, the
observed delay in attentional processes is likely functional and, therefore, may be addressed
with appropriate intervention.

The study may ultimately have implications for clinical practice. Although further research is
still needed, eye movement tasks like the prosaccade and antisaccade may have potential to
one day serve as a valuable addition to traditional diagnostic methods in Memory Clinics, with
the antisaccade showing potential to measure cognitive decline whilst the prosaccade
potentially measuring functional issues. The observed dissociation in eye movement profiles
between FCD, MCI, and healthy controls suggests that eye tracking may contribute to the
differentiation of these conditions, aiding clinicians in more accurate and efficient diagnostic
processes. It was observed that patients with FCD have a specific pattern of eye movements
distinct from patients with more objective cognitive impairment. Previously FCD may have
been diagnosed through a process of elimination of other conditions, however, with further
research into specificity and sensitivity, the distinct pattern of eye movements observed in this
paper could eventually be utilised as a “positive sign” in clinical settings to make a “probable
diagnosis” of FCD. Further, the inconsistent within-group correlations between eye movement
parameters and cognitive scores suggest that global cognitive measures may not fully capture
the specific cognitive processes measured by these oculomotor tasks. This discrepancy
highlights the potential for eye-tracking to provide unique information about cognitive
function, distinct from that obtained through traditional neuropsychological testing. However,
an important next step would be a large multi-centre trial to confirm that the antisaccade test is
able to reliably diagnose early AD. This would then facilitate endorsement by professional
bodies and clinical evaluation.



Despite the promising results, several limitations should be acknowledged. The relatively small
sample size in the FCD group may limit the generalisability of the findings. Additionally, the
ethnic homogeneity of the sample lowers generalisability. Future research with larger and more
diverse samples is warranted to further validate the observed patterns. Additionally, a weakness
of the study is how the groups were defined. The study relied upon the assessment of elderly
people in memory clinics. Although no impairments in activities of daily living were reported,
as this is an elderly sample it may be the FCD group are an earlier stage of MCI. However, it
should be noted that the FCD sample had no objective memory impairment, only subjective,
and previous research indicates that subjective memory impairment is not always a precursor
to objective cognitive decline. However, the cross-sectional nature of the study prevents the
examination of longitudinal changes in eye movement patterns in FCD.

In conclusion, this study provides preliminary evidence for the utility of eye movements as
potential objective markers to distinguish individuals with FCD from those with MCI and
healthy controls. This promising insight may pave the way for the development of more
effective diagnostic tools and a deeper understanding of the potentially functional nature of
cognitive complaints in FCD.
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