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Pseudoexfoliation (PEX) syndrome is a systemic disorder characterized by the accumulation of fibrillar 
material in ocular and extraocular tissues, primarily affecting the eye’s anterior segment. While PEX 
is a known risk factor for open-angle glaucoma, its impact on retinal structures is less understood. 
This study aims to evaluate macular, circumpapillary retinal nerve fiber layer (cRNFL), and choroidal 
thickness in PEX patients without glaucoma. This cross-sectional study involved two groups: PEX 
group and a control group, both without glaucoma damage and with intraocular pressure (IOP) below 
19 mmHg. Participants underwent full ophthalmic evaluations. Spectral-domain optical coherence 
tomography (SD-OCT) was used to measure cRNFL, macular, Bruch’s membrane opening-minimum 
rim width (BMO-MRW), and choroidal thickness. A total of 60 eyes were included: 38 with PEX and 22 
controls. Demographic and clinical characteristics were similar across groups. PEX group had a thinner 
nasal-inferior cRNFL compared to the control group (p < 0.05). Furthermore, PEX group exhibited 
significantly reduced thickness in superior, inferior, nasal-inferior, nasal-superior, and total ganglion 
cell layer (GCL), as well as in nasal-inferior, nasal-superior, and total inner plexiform layer (IPL) 
compared to the control group (p < 0.05). BMO-MRW thickness tended to be thinner across all sectors 
in PEX group, although no significant differences were found (p > 0.05). Regarding choroidal thickness, 
the temporal site was significantly thicker in PEX group (p < 0.05). This study highlights a significant 
association between PEX syndrome and the thickness reduction of the GCL and IPL, suggesting that 
these retinal changes could serve as early indicators of glaucoma or reflect broader neurodegenerative 
processes. Findings also reveal reduced cRNFL thickness in PEX eyes, further supporting the potential 
for early glaucomatous damage detection. These findings underscore the need for long-term studies to 
explore PEX-related neurodegeneration and its possible links to broader neurological conditions.
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Pseudoexfoliation (PEX) syndrome is a complex systemic disorder characterized by the accumulation of fibrillar 
material affecting both ocular and visceral structures. Within the eye, this syndrome is marked by the deposition 
of pseudoexfoliative material (PEM) on anterior segment structures bathed by aqueous humor, specifically 
on the lens, iris, ciliary body, and zonules. These deposits can also accumulate on the corneal endothelium, 
trabecular meshwork, and within the aqueous humor1,2.
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The incidence of PEX increases with age, with unilateral involvement observed in approximately two-thirds 
of patients1.

The accumulation of PEM also occurs in various extraocular tissues such as the skin, lungs, heart, liver, 
kidneys, and meninges3. The pathogenesis of these deposits remains unclear. However, previous studies 
have identified several extracellular matrix components, including fibrillin-1 and fibulin-2, within PEM. The 
abnormal aggregation of elastic microfibrils in PEX deposits exhibits similarities to the amyloid accumulation 
observed in Alzheimer’s disease (AD). Interestingly, amyloid and alpha-1 antichymotrypsin, a regulator of 
amyloid formation, have been detected in PEM and in the aqueous humor of patients with PEX4.

Recent research indicates that patients with PEX experience a higher prevalence of brain atrophy and AD. It 
has been well-documented that individuals with early-stage AD often face impairments in visual acuity, contrast 
sensitivity, color perception, visual field, and motion detection. Initially, visual disorders in AD were thought to 
be exclusively due to parietal and primary visual cortex pathology. However, increasing evidence showed that the 
anterior visual pathway degeneration also plays a role in AD pathology4,5.

While PEX is a well-known risk factor for developing open-angle glaucoma (OAG), its impact on the retinal 
structure in the absence of glaucoma is less studied6. Recent advancements in spectral-domain optical coherence 
tomography (SD-OCT) have enabled detailed examination of the retinal nerve fiber layer (RNFL), ganglion cell 
layer (GCL), inner plexiform layer (IPL), Bruch’s membrane opening-minimum rim width (BMO-MRW) and 
choroid thickness, facilitating a better understanding of PEX’s effects on these structures7–9.

Compared to normal eyes, eyes with PEX may show subtle structural changes that can be detected using 
SD-OCT. These changes include alterations in macular thickness and the thickness of retinal layers such as the 
RNFL, GCL and IPL1,2.

Bruch’s membrane opening-minimum rim width (BMO-MRW) is a precise anatomical measurement of 
the neuroretinal rim, determined by measuring the shortest distance from the outer edge of the BMO to the 
internal limiting membrane (ILM). Research suggests that BMO-MRW offers valuable diagnostic accuracy in 
detecting glaucomatous damage9. Notably, recent studies indicate that BMO-MRW may exhibit alterations in 
PEX syndrome patients even before changes are detectable in the circumpapillary RNFL (cRNFL)10.

Furthermore, studies have reported that ocular blood flow may be compromised in PEX, which can manifest 
as changes in choroid thickness. Enhanced depth imaging OCT (EDI-OCT) can provide valuable information 
regarding choroid thickness and retinal blood flow, offering insights into the broader impacts of PEX on ocular 
health1.

In our study, we aimed to evaluate macular, GCL, IPL, cRNFL, BMO-MRW and choroid thickness in patients 
with PEX syndrome without OAG, compared to healthy controls. By focusing on these parameters, we seek to 
elucidate the structural changes associated with PEX and their potential implications for ocular health in the 
absence of glaucomatous damage.

Materials and methods
A cross-sectional study was conducted at the Ophthalmology Department of Unidade Local de Saúde de São 
João, adhering to the principles outlined in the Declaration of Helsinki. The study received approval from the 
Institutional Ethics Review Board of the Unidade Local de Saúde de São João, Porto, Portugal. Written informed 
consent was obtained from all participants.

Two groups were formed for the study: the PEX group and the control group, both consisting of individuals 
with no detectable functional or structural glaucoma damage and intraocular pressure (IOP) consistently below 
19 mmHg (< 19 mmHg) across three consecutive visits. These subjects were selected independently from the 
general outpatient clinic.

Examination protocol
All participants underwent a full ophthalmic examination, including a review of medical history, slit-lamp 
biomicroscopy of the anterior segment, fundoscopic evaluation under farmacologic mydriasis and Goldmann 
applanation tonometry. IOP was measured using a calibrated Goldmann applanation tonometer (Haag-Streit, 
Switzerland) at the slit lamp, with the mean of three readings taken during three consecutive visits at different 
times of the day, all measured by the same examiner.

Inclusion criteria were best corrected visual acuity of 20/40 or better, refractive error within ± 5 diopters 
of sphere or ± 2 diopters of cylinder, clear media, and healthy optic discs. Visual acuity was measured using 
a Snellen chart and converted to logarithm of the minimum angle of resolution (logMAR) equivalents for 
statistical analysis.

For inclusion in the PEX group, the presence of exfoliative material on the pupil margin or lens capsule 
during biomicroscopic evaluation was required. If both eyes met the inclusion criteria in the PEX group, two 
eyes per subject were included; in the control group, one eye per subject was randomly selected if both eyes met 
the criteria.

Exclusion criteria
Exclusion criteria for both groups included a history of ocular hypertension, opaque media, age-related macular 
degeneration, diabetic retinopathy at any stage, previous intraocular surgery (except for cataract surgery 
performed more than 1 year prior), neurological diseases and abnormal visual field tests. An abnormal visual 
field test was defined as the presence of three or more adjacent points with a p-value < 5% on the pattern deviation 
plot, a pattern standard deviation (PSD) with a p-value < 5%, or a glaucoma hemifield test (GHT) result outside 
normal limits. Additionally, optic discs showing glaucomatous features, such as rim notching, focal or diffuse 
neuroretinal rim thinning, cup-to-disc ratio asymmetry > 0.2, or disc hemorrhages, were excluded. Additionally, 
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in the PEX group, an asymmetry of 5 μm or more in the cRNFL thickness between the two eyes led to the 
exclusion of the eye with the thinner cRNFL.

Spectral‑domain optical coherence tomography
After pharmacological mydriasis with tropicamide 0.5%, OCT images were obtained by the same experienced 
technician using the SD-OCT Glaucoma Module Premium Edition software (Spectralis®, Heidelberg 
Engineering, Germany).

The cRNFL thickness was assessed using a 12° circular scan (3,5 mm diameter) centered on the BMO, and 
the results were collected in a 6-sector Garway-Heath based grid—temporal (315–45°), temporal-superior (45–
90°), nasal-superior (90–135°), nasal (135–225°), nasal-inferior (225–270°), and temporal-inferior (270–315°). 
Global and sectorial measurements were collected from each patient.

Macular thickness measurements were obtained using the Glaucoma Module Premium Posterior Pole scan 
software, which employs 61 B-scans spaced 120 μm apart (30° × 25° volume scan) to segment the retina into 
eight distinct layers. The macula was subsequently analyzed using two classification systems: the Early Treatment 
Diabetic Retinopathy Study (ETDRS) grid and the 6-sector Garway-Heath-based grid. For this study, the 
6-sector Garway-Heath-based grid was recorded. The 6-sector Garway-Heath-based grid utilizes the Anatomic 
Positioning System (APS) software to align the macula according to the Bruch’s membrane opening (BMO)–
fovea axis. It segments the macula into the three ganglion cell complex layers: the retinal nerve fiber layer 
(mRNFL), the ganglion cell layer (GCL), and the inner plexiform layer (IPL). The macula is then divided into 
six sectors: superior, temporal-superior, temporal-inferior, inferior, nasal-inferior, and nasal-superior (Fig. 1). 
Global and sector-specific values were collected from each patient.

To assess the BMO-MRW, the pie charts on the commercial reports were used. The pie chart in the BMO-
MRW report based upon 24 angularly equidistant radial B-scans and indicates the average thicknesses of BMO-
MRW in six sector areas around the optic disc (temporal, superotemporal, superonasal, nasal, inferonasal and 
inferotemporal).

Choroidal thickness was assessed by EDI-OCT. Each section, comprising an average of 30 scans, was captured 
within a 15 × 30-degree rectangle centered on the macula. The choroidal thickness was measured as the distance 
between the outer surface of the hyper-reflective retinal pigment epithelium layer and the hyper-reflective line 
at the inner scleral border. Scans were taken at the fovea, as well as 1500 μm temporal and 1500 μm nasal to the 
fovea along a horizontal plane, as depicted in the scan results from two of our patients (Fig. 2). Two different 
measurements were conducted by the same ophthalmologist, and the mean value was used for analysis. All 
measurements were taken at the same time of day to minimize the impact of diurnal variations.

All images were reviewed for disc centration, foveal fixation, segmentation errors, and image artifacts. Minor 
segmentation errors were manually corrected with the device’s built-in software. The analysis did not include 
SD-OCT scans with major segmentation errors, poor centering, or quality (signal strength < 20 dB). Macular 
thickness collection was performed by two investigators to guarantee the agreement of the data.

Fig. 1.  Macular division according to the Garway-Heath-based grid. Sectors are colored in green (within 
normal limits), yellow (borderline), and red (outside normal limits) according to the device’s reference 
database.
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Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics version 24 (SPSS Inc., Chicago, IL, USA). The 
Shapiro–Wilk test was used to assess the normal distribution of numerical data. Differences in cRNFL, GCL, 
IPL, BMO-MRW, macular and choroidal thicknesses were evaluated using the independent samples t-test and 
the Mann–Whitney U-test. The Chi-square test was used to compare categorical variables between groups. A 
p-value less than 0.05 was considered statistically significant. Frequencies and percentages were used to describe 
qualitative variables and quantitative variables were expressed as mean ± standard deviation (SD).

Results
A total of 60 eyes (38 with PEX and 22 controls) were included in the study. Table 1 compares the demographic 
and clinical characteristics between the two groups. The proportions of male to female, eye laterality, and lens 
status were similar between the groups (p > 0.05). Additionally, the mean IOP values and BCVA showed no 
significant statistical differences between the groups (p > 0.05).

The patient cohort presented the following systemic comorbidities: 23 patients with hyperlipidemia (17 of the 
PEX group and 6 of control group), 22 with hypertension (15 of the PEX group and 7 of control group), 11 with 
diabetes mellitus (8 of the PEX group and 3 of control group), 7 with heart disease (5 of the PEX group and 2 of 
control group), 6 patients with prostatic disease (4 of the PEX group and 2 of control group), 4 with obesity (2 of 
the PEX group and 2 of control group), 4 with thyroid disease (3 of the PEX group and 1 of control group), 3 PEX 
patients with sleep apnea, 1 PEX patient with chronic obstructive pulmonary disease (COPD), 1 PEX patient 
with chronic kidney disease and 1 control patient with an autoimmune disease.

cRNFL measurements obtained by SD-OCT showed that the PEX group had a significantly thinner nasal-
inferior cRNFL compared to the control group (p < 0.05). Although cRNFL thickness was generally reduced 
across all sectors in the PEX group, the differences in other sectors were not statistically significant (Table 2).

The PEX group also exhibited significantly thinner superior, inferior, nasal-inferior, nasal-superior, and total 
GCL thickness, as well as reduced nasal-inferior, nasal-superior, and total IPL thickness compared to the control 

Variable
PEX
(n = 38)

Control
(n = 22) p

Age (years) 78.9 ± 5.1 78.3 ± 7.2 0.696

Gender (male/female) 17(44.7)/21(55.3) 9(40.9)/13(59.1) 0.794

Laterality (right/left) 19(50)/19(50) 11(50)/11(50) 1.000

Lens status (phakic/nonphakic) 14(36.8)/24(63.2) 6(27.3)/16(72.7) 0.573

Best corrected visual acuity 0.08 ± 0.1 0.05 ± 0.1 0.266

Intraocular pressure 13.0 ± 3.2 13.1 ± 1.9 0.807

Table 1.  Patient demographics and clinical characteristics. Values are expressed as n (%) or mean ± SD. PEX 
pseudoexfoliation.

 

Fig. 2.  (a) Picture of the choroidal thickness assessment obtained from a patient of the control group. (b) 
Picture of the choroidal thickness assessment obtained from a patient of the PEX group.
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group (p < 0.05) (Tables 3 and 4). Differences were observed in all other sectors as well, though they were not 
statistically significant.

In the BMO-MRW evaluation, no significant differences were found between the two groups in any of the 
analyzed sectors (p > 0.05). However, the BMO-MRW thickness appeared to be thinner across all sectors in the 
PEX group compared to the control group (Table 5).

Regarding choroidal thickness, the temporal site was significantly thicker in the PEX group compared to the 
control group (p < 0.05). However, no significant differences were observed between the PEX and control groups 
in central macular thickness or in subfoveal and nasal site choroidal thickness (Table 6).

Discussion
Our main results show a significant association between PEX syndrome and GCL and IPL thickness reduction. 
In our study, superior, inferior, nasal-inferior, nasal-superior and total GCL thicknesses and nasal-inferior, 
nasal-superior, and total IPL thicknesses in PEX eyes were significantly lower than the control group. This 
indicates that diffuse or focal macular areas could be affected in PEX syndrome. While there were no prominent 
differences in the remaining sectors of GCL and IPL when evaluated solely, there was a significant reduction in 
all of them in PEX eyes.

Variable
PEX
(n = 38)

Control
(n = 22) p

Total IPL 38.8 ± 3.5 40.8 ± 3.3 0.031*

Superior IPL 38.2 ± 3.8 39.9 ± 2.9 0.089

Temporal-superior IPL 39.3 ± 4.3 41.9 ± 6.8 0.078

Temporal-inferior IPL 39.8 ± 3.8 41.6 ± 3.5 0.063

Inferior IPL 37.9 ± 3.8 39.9 ± 3.8 0.064

Nasal-inferior IPL 39.3 ± 3.6 41.5 ± 4.5 0.043*

Nasal-superior IPL 38.4 ± 4.2 40.6 ± 3.7 0.040*

Table 4.  Comparison of macular inner plexiform layer (IPL) thickness (μm) values between PEX and control 
groups. Values are expressed as mean ± SD. PEX pseudoexfoliation, IPL inner plexiform layer. *Statistically 
significant p values.

 

Variable
PEX
(n = 38)

Control
(n = 22) p

Total GCL 47.5 ± 5.5 50.5 ± 5.2 0.039*

Superior GCL 48.5 ± 5.9 52.0 ± 3.9 0.016*

Temporal-superior GCL 44.1 ± 6.8 46.0 ± 6.1 0.267

Temporal-inferior GCL 48.1 ± 5.7 49.8 ± 6.5 0.298

Inferior GCL 48.1 ± 5.5 52.1 ± 5.2 0.007*

Nasal-inferior GCL 48.5 ± 5.3 52.2 ± 6.1 0.017*

Nasal-superior GCL 47.8 ± 6.8 52.0 ± 5.4 0.017*

Table 3.  Comparison of macular ganglion cell layer (GCL) thickness (μm) values between PEX and control 
groups. Values are expressed as mean ± SD. PEX pseudoexfoliation, GCL ganglion cell layer. *Statistically 
significant p values.

 

Variable
PEX
(n = 38)

Control
(n = 22) p

Global cRNFL 98.9 ± 8.8 103.2 ± 9.7 0.084

Temporal cRNFL 70.8 ± 10.9 74.3 ± 10.4 0.237

Temporal-superior cRNFL 130.9 ± 16.9 136.6 ± 15.8 0.203

Nasal-superior cRNFL 112.0 ± 15.4 114.7 ± 17.0 0.528

Nasal cRNFL 80.4 ± 12.0 81.2 ± 9.9 0.797

Nasal-inferior cRNFL 110.3 ± 17.8 123.6 ± 25.0 0.035*

Temporal-inferior cRNFL 137.4 ± 20.6 139.6 ± 21.4 0.700

Table 2.  Comparison of the cRNFL thickness (μm) in sectors between PEX and control groups. Values are 
expressed as mean ± SD. PEX pseudoexfoliation, cRNFL circumpapillary retinal nerve fiber layer. *Statistically 
significant p values.
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This result can be interpreted in two ways. First, it suggests that GCL and IPL analysis can be more sensitive 
in the early detection of glaucoma. Previous research with experimental primate glaucoma models indicates that 
retinal ganglion cell loss within the central 12° of the retina can occur even in the presence of mild glaucomatous 
damage. The macula, which houses over 50% of all retinal ganglion cells, is a key area for detecting early cell loss 
and monitoring changes over time due to its high cell density11. Second, it may reflect retinal neurodegeneration 
associated with neurodegenerative diseases. There is growing evidence of AD pathology in the retina of AD 
patients, particularly within the GCL. This is supported by the known association between brain atrophy in AD 
and PEX syndrome, as well as the resemblance between the elastic microfibrils in PEX deposits and the amyloid 
accumulation seen in AD5,12.

cRNFL thickness tends to decrease in conditions marked by ganglion cell loss, such as glaucoma. Measuring 
RNFL thickness is crucial for the early diagnosis and monitoring of glaucoma. A reduction in cRNFL thickness, 
even before visual field defects appear, can indicate potential progression to glaucoma, enabling earlier diagnosis 
and intervention1,13,14. This method is advantageous over visual field testing due to its ease of use and reduced 
dependence on patient adherence1. Vergados et al.15 studied RNFL thickness in 110 patients with PEX syndrome 
and healthy volunteers, finding that RNFL thickness was lower in the PEX group. Similarly, in studies comparing 
PEX patients with healthy controls, both Cankaya et al.16 and Mohammed et al.17 observed a decrease in RNFL 
thickness in the PEX group. Yuksel et al.18 compared eyes with PEX to contralateral eyes and to normal control 
eyes in a study of 40 patients, finding that RNFL thickness was reduced in PEX-affected eyes compared to both 
contralateral eyes and controls. Rao et al.19 also reported that RNFL thickness was significantly lower in patients 
with bilateral PEX compared to those with unilateral PEX. In our study, cRNFL thickness was generally reduced 
across all sectors in the PEX group, although it was only significantly thinner in the nasal-inferior sector, which 
may suggest early glaucomatous damage in eyes with PEX syndrome, aligning with findings reported in the 
literature15–19.

Regarding BMO-MRW analysis, research suggests that it may offer diagnostic accuracy in detecting 
glaucomatous damage, mainly if combined with cRNFL analysis9. Notably, recent studies indicate that BMO-
MRW may exhibit alterations in PEX syndrome patients even before changes are detectable in the cRNFL10. In 
our study, BMO-MRW thickness appeared to be thinner across all sectors in the PEX group compared to the 
control group, although no significant differences were found between the two groups in any of the analyzed 
sectors.

The choroid, composed of vascular and connective tissue and supplied by branches of the ophthalmic artery, 
is integral to maintaining the circulation for the outer retinal layer and retinal pigment epithelium. It also 
contributes to temperature regulation and the removal of ocular waste20. Choroidal circulation can be influenced 
by a range of intraocular and extraocular inflammatory and vascular disorders, including choroidal neovascular 
membrane, Vogt–Koyanagi–Harada disease, central serous chorioretinopathy, angioid streaks, uveal effusion 
syndrome, and polypoidal choroidal vasculopathy, as well as systemic diseases and the use of systemic and 
topical medications21–23. A reduction in vessel caliber typically manifests as decreased choroidal thickness, 
which in turn results in functional impairment of the corresponding retinal segments1.

Goktas et al.24 compared 34 patients with PEX to 30 healthy individuals and found a significant thinning in 
the choroid thickness at subfoveal, nasal and temporal sites 3 mm away from the fovea in the PEX group. This 

Variable
PEX
(n = 38)

Control
(n = 22) p

Central macular thickness 278.7 ± 17.9 280.2 ± 25.0 0.804

Subfoveal choroid thickness 213.8 ± 77.3 192.2 ± 60.1 0.266

Nasal choroid thickness 160.2 ± 65.8 156.4 ± 57.3 0.822

Temporal choroid thickness 202.3 ± 55.6 165.6 ± 53.8 0.016*

Table 6.  Comparison of central macular and sobfoveal, nasal and temporal choroid thickness (μm) values 
between PEX and control groups. Values are expressed as mean ± SD. PEX Pseudoexfoliation. *Statistically 
significant p values.

 

Variable
PEX
(n = 38)

Control
(n = 22) p

Global BMO-MRW 303.6 ± 39.9 321.3 ± 39.9 0.103

Temporal BMO-MRW 211.4 ± 39.8 225.0 ± 36.3 0.193

Temporal-superior BMO-MRW 277.5 ± 57.7 300.6 ± 55.6 0.135

Nasal-superior BMO-MRW 332.8 ± 57.9 355.1 ± 70.0 0.189

Nasal BMO-MRW 349.0 ± 56.2 362.2 ± 50.6 0.368

Nasal-inferior BMO-MRW 371.4 ± 59.5 394.7 ± 66.1 0.167

Temporal-inferior BMO-MRW 314.4 ± 45.0 339.8 ± 51.9 0.052

Table 5.  Comparison of BMO-MRW thickness (μm) values between PEX and control groups. Values are 
expressed as mean ± SD. PEX pseudoexfoliation, BMO-MRW Bruch’s membrane opening-minimum rim width.
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thinning was attributed to increased vascular resistance and decreased blood flow by the authors. Zengin et 
al.25 compared the choroid thicknesses in 35 patients with PEX syndrome with those in 35 control individuals 
and found a lower mean choroid thickness in the PEX syndrome group, but the difference was not statistically 
significant. In a prevalence study of 3022 patients, You et al.26 found no statistically significant correlation 
between the presence of PEX and the choroid thickness. In our study, choroidal thickness in the temporal site 
was significantly thicker in the PEX group compared to the control group. This variation from other studies is 
most likely attributable to the fact that we did not control for the use of medications or the presence of systemic 
diseases that could influence choroidal thickness. Nevertheless, we opted to include these patients in our sample 
to ensure a more accurate representation of the general population, particularly given that we are dealing with 
PEX patients, who are typically older.

It is well established that PEX is a significant independent risk factor for glaucoma, and our findings regarding 
cRNFL and BMO-MRW align with this understanding and with the current literature6. However, our study 
provides further evidence of a significant association between PEX and the reduced thickness of the GCL and 
IPL, offering valuable insights into the pathological impact of PEX, as previously demonstrated by Eltutar et al.2.

Is the reduced thickness of the GCL and IPL attributable to early glaucomatous damage, or is it linked to 
neurodegenerative processes in the context of an initiating or progressing neurological disease? Could PEX, in 
the absence of glaucoma, serve as an early marker of neurodegenerative disease in presymptomatic patients?

Study limitations include potential inaccuracies due to IOP fluctuations and the inclusion of both eyes 
from some subjects, which may affect result validity. While a statistically significant difference in IPL and GCL 
thickness was observed between PEX patients and controls, these values may still fall within the normal range, as 
all subjects had normal IOP, and no progressive thinning was detected over the follow-up period. Future research 
should focus on long-term follow-up to confirm and investigate the mechanisms underlying neurodegeneration 
in PEX. Furthermore, incorporating brain imaging techniques alongside comprehensive clinical assessments for 
dementia would significantly enhance our understanding of the interplay between retinal neurodegeneration 
and PEX.

Conclusion
Our main finding was the significant association between PEX and GCL and IPL thickness, measured by SD-
OCT. Based on our results, the nasal sectors of the macula in the GCL and IPL may offer the greatest potential 
for early screening. However, this hypothesis needs to be tested through sequential studies involving larger 
populations to assess its clinical utility. Future research should include larger sample sizes and prospectively 
analyze spatiotemporal changes in OCT measurements to enhance the diagnostic capabilities of retinal imaging 
in early glaucoma detection and/or the diagnosis of preclinical neurodegenerative diseases.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on 
reasonable request.
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