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Background: The retina is a simple window to reflect the changes of brain
nerves. The aim of this study was to investigate the association between retinal
status and white matter lesions (WMLs) in 143 patients aged 50-80 years,
utilizing Optical Coherence Tomography Angiography (OCTA) and the Fazekas
Visual Scale for assessment.

Methods: A total of 143 subjects underwent MRI scanning to assess the degree
of WMLs using the Fazekas scale. Retinal imaging was conducted utilizing
OCTA. Multivariate logistic regression analysis was employed to determine
the odds ratios and 95% confidence intervals associated with the Fazekas
score for each factor. The relationship between cognitive function and various
OCTA parameters was assessed using quadratic and cubic simulation curve
models. Data following a normal distribution are presented as means, while
non-normally distributed data are reported as medians. Qualitative data are
expressed as percentages.

Results: AsFazekas gradesincreased, ILM-IPL thickness (OR = 3.267, OR = 8.436),
vessel density in the parafoveal region of the macula, retinal vessel densities
(OR = 2.058, OR = 2.363), and RNFL thickness significantly reduced (p < 0.05).
With increasing Fazekas scores, the bilateral foveal avascular zone showed a
significant increase (OR = 0.362, OR = 0.458) (p < 0.05). Retinal thickness and
vascular density were negatively correlated with WMLs, and positively correlated
with cognitive function (p < 0.05).

Conclusion: The severity of WMLs increases as retinal thickness and vascular
density decrease. OCTA examination has a degree of role in screening for WMLs
caused by cerebral microvascular disease. Its effectiveness in screening early
asymptomatic individuals or those with mild cognitive impairment is somewhat
limited.

KEYWORDS

white matter, retina, fundus oculi, cognitive dysfunction, cerebral small vessel diseases

1 Introduction

White matter lesions (WMLs) are frequently observed during cranial examinations of
middle-aged and elderly individuals (1). It has been previously demonstrated that increased
severity of WMLs is associated with a higher incidence of ischemic stroke (2). Numerous
studies have also indicated that patients with more severe WMLs tend to have poorer
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prognoses following ischemic stroke compared to those without such
lesions (3), and they experience greater degrees of cognitive
impairment (4). WMLs may be caused by cerebral small vessel disease
and reduced cerebral white matter blood flow (5). At present, the
cause of WMLs is often attributed to chronic small vessel diseases.
Some studies have found that reduced cerebral perfusion may cause
bilateral thus
microcirculation disorders and worsening neurodegeneration (6).

cortical ischemia and hypoxia, leading to
Secondary cortical damage occurs because the connections between
the white matter fibers are damaged (7). However, in addition to risk
factors, including age and hypertension, the severity of retinal
microvascular abnormalities has been associated with the occurrence
and development of lacunar infarcts (8) and WMLs (9), as reported in
multiple studies. A reduction in the number of retinal microarterioles
and microvenules, as well as a decrease in the thickness of the inner
layer of the retina, are significantly associated with impaired cognitive
abilities, lower volumes of gray and white matter, and compromised
white matter network structures (10).

The retinal and cerebral blood vessels have the same embryonic
origin and similar anatomical and pathophysiological characteristics
(11). During embryonic development, the retina and optic nerve are
direct extensions of the brain. In terms of the microvascular system,
retinal arterioles and venules have similar features to cerebral small
blood vessels (12), including non-anastomotic terminal arterioles,
barrier function, and autoregulation. Furthermore, they have a
relatively low flow rate and a high oxygen extraction system. The
anatomical relationship between their blood supplies and the two
vascular networks have similar vascular regulatory processes.
Therefore, retinal vessels can reflect changes in cerebral vessels (13).

Furthermore, the retinal nerve fiber layer (RNFL) is the innermost
layer of the retina, composed of axons of retinal ganglion cells. It connects
the retinal nerve to the lateral geniculate nucleus and synapses with the
visual cortex, thus serving as a projection of the central nervous system.
Therefore, the retinal vessels, as the only terminal microvessels that can
be directly observed in vivo, share similar embryological, anatomical, and
physiological characteristics with cerebral small vessels. They provide a
practical visual “window” for clinical investigations concerning alterations
in cerebral microvessels (14).

The retina serves as a simple window for monitoring
neurodegeneration in the brain (15). By evaluating the density and
thickness of retinal vessels, neurodegenerative conditions within the
skull can be indirectly identified using non-invasive methods. Optical
coherence tomography angiography (OCTA) is an innovative
technology that facilitates microcirculation imaging by processing
optical coherence tomography (OCT) data (16). This technique
enables the acquisition of high-resolution three-dimensional retinal
vasculature images through non-invasive means. Compared to fundus
OCTA
non-invasiveness. Moreover, it surpasses fundus photography in

angiography, offers enhanced safety, speed, and
depicting certain features of retinal vascular pathologies, such as
neovascularization, ischemia, and microaneurysms (17). In recent
years, OCTA has emerged as a widely adopted research method for
investigating retinal vascular changes. It provides a highly specific and
sensitive, simple, reproducible, and non-invasive approach for
studying cerebrovascular small vessel disease. Nevertheless, the
majority of existing studies struggle to quantify the relationship
between retinopathy and WMLs using precise metrics (18). These

studies utilized OCTA to acquire and present fundus blood vessel
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images, drawing conclusions based solely on visual assessment of the
differences in vascular density between the two groups as observed in
the images (19). While several studies have gathered specific
quantitative data via OCTA and provided positive conclusions
regarding retinal blood vessels, a comprehensive and detailed analysis
of intraretinal vascular parameters has not been fully conducted (20).
Consequently, this study examined the variations in retinal thickness
and vascular density among patients with varying degrees of white
matter injury by utilizing multiple quantitative OCTA metrics.

Additionally, the relation and mechanism between retinal vascular
changes and cognition in WMLs patients were explored. The objective
is to identify new potential biomarkers (retinal vascular changes) for
cognitive impairment in patients with WMLs or cerebral small vessel
disease and provide a new perspective on their neurobiological
mechanisms. We hypothesize that retinal thickness and vascular
density may be negatively correlated with WMLs grading and
positively correlated with cognitive function. Therefore, this study
aimed to evaluate the retinal vessels using OCTA and changes in
cerebral white matter using the Fazekas visual rating scale in 143
patients between 50 and 80 years.

2 Methods
2.1 Ethical statement

The Ethics Committee of the First People’s Hospital of Xuzhou
approved this study (Approval number: xyyll[2023]029). All
participants or their legal representatives duly signed informed
consent forms. All participants underwent OCTA examination after
signing informed consent forms.

2.2 Participants

This study included 143 patients with varying degrees of WMLs
recruited from the Department of Neurology at the First People’s
Hospital of Xuzhou between April 2022 and September 2023. Two
neurologists screened suitable subjects from brain magnetic resonance
imaging (MRI) findings of admitted or outpatient patients based on
inclusion and exclusion criteria.

2.3 Inclusion criteria

The patients aged between 50 and 80 years, with the presence of
clearly defined WMLs on cranial MRI, were included in this study.
This criteria is applicable to all subjects.

2.4 Exclusion criteria

Exclusion criteria included the following: Presence of mental or
consciousness disorders; cardioembolic stroke; recent acute ischemic
stroke or history of severe stroke; congenital vascular diseases or
cerebral artery occlusion; based on the history of toxic exposure and
imaging findings, patients were diagnosed with brain injuries
attributable to other etiologies, including but not limited to multiple
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sclerosis, hypoxia, or intoxication; history of contrast agent allergy or
allergic reactions to medications more than twice in the past; cardiac
dysfunction (the New York Heart Association Functional classification
is greater than class II), hepatic dysfunction (glutamic pyruvic
transaminase >80 U/L or glutamic oxal transaminase >80 U/L), or
renal dysfunction (glomerular filtration rate < 90 ml/min); history of
cranial trauma or surgery; high myopia or other eye diseases including
glaucoma and retinal detachment, previous eye surgery or severe
retinopathy due to hypertension or diabetes; presence of MRI
contraindications, internal metal implants, or suffering from
claustrophobia. This criteria is applicable to all subjects.

2.5 General data acquisition

General data included: gender, age, height, weight, previous
history (hypertension, diabetes, coronary heart disease, etc.), smoking
and drinking history, admission blood pressure, fasting blood glucose,
blood lipids and other indicators.

2.6 OCTA examination

Binocular retinal imaging was performed using the RTVue XR
Avanti spectral-domain OCT device (RTVue XR Avanti with
AngioVue; Optovue Inc., Fremont, CA, USA). This spectral-domain
OCT system utilizes a light source centered at 840 nm with a
bandwidth of 45 nm and a scanning rate of 70,000 A-scans per second.
For each subject, two consecutive B-scans were performed at the same
location. Each B-scan comprised 304 A-scans to reduce motion
artifacts caused by microsaccades and fixational eye movements.
Information on retinal microvascular perfusion was extracted using
the spectral amplitude-decorrelation angiography algorithm to track
the movement of red blood cells by analyzing changes in OCT signal
amplitude between consecutive cross-sectional scans. It provides
quantitative vascular density, defined as the percentage of area
occupied by vessels in the analyzed region on the OCTA image. The
inclusion criteria required signal quality of the eye >5, signal strength
index >40, and suboptimal sharpness without significant motion or
shadow artifacts.

2.7 OCTA image acquisition and retinal
quadrant division

Independent measurements by 2 experienced ophthalmologists.
OCTA images of the macular area measuring 3.0 x 3.0 mm* were
obtained through scanning, with the OCT instrument automatically
segmenting the retinal superficial capillary plexus (SCP) and deep
capillary plexus (DCP). The SCP is located between 3 um beneath the
internal limiting membrane (ILM) and 15 pm below the inner plexiform
layer (IPL), while the DCP is situated from 15 to 70 pm below the
IPL. The software automatically divided the macular area into the foveal
and parafoveal zones. The foveal zone was defined as a circular area with
a diameter of 1 mm, and the parafoveal zone is a region between 1.0 and
3.0 mm in diameter. The parafoveal zone was further divided into four
quadrants: superior (S), inferior (I), temporal (T), and nasal (N).
Additionally, the software automatically calculated the area of the foveal
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avascular zone (FAZ), a few hundred microns-sized avascular area
surrounded by capillaries in the fovea. The collected data included the
vascular density of the retinal SCP and DCP in the parafoveal zone, FAZ
area, and thickness of the ILM-IPL in the macula. For optic disc
imaging, OCTA images measuring 4.5 x 4.5 mm? were obtained. The
software automatically segmented the radial peripapillary capillary
(RPC) layer around the optic disc, which extended from the ILM to the
outer boundary of the RNFL. The software fitted two concentric circles
around the optic nerve head, with inner and outer circle diameters of 2.0
and 4.0 mm, respectively, defining the region around the optic disc as
the area between these two circles. The peripapillary region was divided
into eight sectors according to the Garway-Heath map: temporal
superior (TS), superior temporal (ST), superior nasal (SN), nasal
superior (NS), nasal inferior (NI), inferior nasal (IN), inferior temporal
(IT), and temporal inferior (TT). Furthermore, the software automatically
measured the RNFL thickness in the aforementioned regions. The
collected data included vascular density (the ratio of the total vascular
area to the overall area within a 3.0 x 3.0 mm? region) and RNFL
thickness of the RPC network in each sector around the optic disc.

2.8 OCTA image quality control

Subjects do not need to do any preparation before OCTA, such as
mydriasis, and the subject can perform this examination at any time. The
examination is non-invasive, so it does not require the use of any reagents
or contrast agents. Ocular measurements were conducted bilaterally for
all subjects. In this study, the relevant OCTA data were measured by two
operators in the same sequence using a double-blind method. Then, a set
of valid data was obtained by one of the operators in different order, and
the repeatability of the two measurements within the operator was
evaluated. All OCTA data is automatically captured and generated by
RTVue XR Avanti (2018 version) software. Both operators perform
standard operations according to the RTVue XR Avanti User manual.

2.9 MRI scan

MRI was performed using a superconductive magnetic resonance
imaging system (GE Signa HDxt 3.0 T, USA) and standard orthogonal
coils. During the examination, the patient was positioned supine with
the head secured on a headrest. First, the following sequences were
acquired: T1-weighted imaging with parameters TR of 1900 ms, TE of
20 ms, slice thickness of 5 mm, interslice gap of 1 mm, and a field of
view (FOV) of 230 x 185 mm; T2-weighted imaging with parameters
TR of 4,000 ms, TE of 104 ms, slice thickness of 5 mm, interslice gap
of 1 mm, FOV of 230 x 209 mm; FLAIR imaging with parameters TR
0f 9,000 ms, TE of 120 ms, TI of 2,500 ms, slice thickness of 5 mm, and
interslice gap of 1 mm. The images were reviewed by a radiologist who
assisted in identifying and screening the areas of interest for WMLs.
Patients selected on the basis of MRI results were re-screened by two
neurologists according to the inclusion criteria.

2.10 WMLs analysis

Patients who agree to be enrolled are grouped according to the
extent of their WMLs. The severity of WMLs was assessed using the
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Fazekas scale (21). The Fazekas scale is a scoring method that
quantifies the severity of WMLs by observing the lesions on T2 Fluid-
attenuated inversion recovery (FLAIR) images according to the
formulated scoring rules. The Fazekas scale scores WMLs separately
in periventricular and deep white matter regions (each section is 0-3
scores), and then the scores from both regions were combined to
obtain a final score (total 0-6 scores). The scoring criteria for
periventricular or deep white matter high signal intensity were as
follows: 0 points indicated no lesions, 1 point indicated caps or pencil-
thin lining lesions, 2 points indicated lesions forming smooth halos,
and 3 points indicated irregular periventricular high signals extending
into the deep white matter. The Fazekas scale categorizes the severity
into grades from 0 to 3: Grade 0 indicates no lesions (total scores of 0,
FO0); Grade 1 (mild lesions, total scores of 1-2, F1); Grade 2 (moderate
lesions, total scores of 3-4, F2); and Grade 3 (severe lesions, total
scores of 5-6, F3). Patients were grouped according to their Fazekas
grades. The subjects were grouped as mild based on the Fazekas
grades: mild lesions (control group, FO-F1) were assigned Fazekas 0
and 1 grades, whereas severe lesions (experimental group, F2-F3)
were assigned Fazekas 2 and 3 grades.

2.11 Cognitive function

All subjects underwent cognitive function assessment using the
Montreal Cognitive Assessment (MoCA) and Mini-Mental State
Examination (MMSE). The assessments were conducted by a
professional psychosomatic medicine or neurology physician, strictly
following the standard protocol and sequence of tests. Due to the low
sensitivity of MMSE detection, it is difficult to distinguish patients
with mild symptoms of cognitive dysfunction. This may lead to bias
in the control analysis. Therefore, Moca score was mainly used for
data analysis.

2.12 Statistical analysis

Normally distributed data are presented as mean * standard
deviation (m + sd). Skewed distribution data are presented as the
interquartile. Qualitative data are presented as percentages.
Subsequently, we conducted a comparative analysis to examine the
differences between the control group and the experimental group.
The normality of the data was assessed using the Kolmogorov-
Smirnov test. For non-normally distributed data, the Mann-
Whitney U test was used to compare the two groups. Normally
distributed data were compared using independent samples t-test.
The categorical data were compared between groups using Pearson’s
i’ test. Ordered multiple logistic regression analysis was used to
calculate the odds ratios (OR) and 95% confidence intervals (95%
CI) between Fazekas scores and OCTA parameters (such as RNFL,
FAZ, blood vessel density, etc.). We adjusted for age, sex,
hypertension, diabetes, and drinking in our multiple logistic
regression analysis. The relationship between MoCA scores and
OCTA parameters was modeled using quadratic and cubic curve
simulations. Subsequently, the positive and negative relations
between cognitive function and retinal vasculature were analyzed in
greater depth based on the characteristics of each curve. Data
analysis was performed using SPSS Statistics 26.0, with statistical
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significance set at p < 0.05. Given the extensive volume of OCTA
data, only those datasets that hold greater significance for discussion
were selected and presented in the table, such as the data with
p > 0.05 or more pronounced intergroup differences. The remaining
data are provided in Supplementary tables.

3 Results
3.1 General information

A total of 143 subjects were included in the study, including 70
males (49.0%) with a mean age of 64.6 years. Among the participants,
85 had Fazekas scores of 0 or 1, while 58 had scores of 2 or 3. Table 1
summarizes the demographic and background information of patients
based on Fazekas scores. Significant differences were observed
between groups for gender, hypertension, diabetes, and alcohol
consumption. The experimental group exhibited a markedly higher
prevalence of males with hypertension, diabetes, and a history of
alcohol consumption (p < 0.05). In the OCTA data, only the vessel
density in the right temporal-inferior quadrant did not show
statistically significant differences between the two groups (p = 0.126).
In contrast, all other OCTA indices demonstrated statistically
significant differences between the groups (p < 0.05). Consistent with
prior research, participants in the control group who exhibited higher
Fazekas scores demonstrated significantly greater cognitive function
scores compared to those in the experimental group with lower
Fazekas scores (p < 0.001) (Table 1).

3.2 Multivariate logistic analysis of WMLs
severity and RNFL thickness, vessel density,
retinal SCP, and DCP vessel density

In the multiple logistic regression analysis, the data from subjects
with Fazekas grade of 3 was used as a reference. Among them,
Fazekas grade of 3 were classified as the most severe patients and
Fazekas grade of 0 was classified as normal subjects. Multivariate
logistic analysis was conducted to explore the relationship between
Fazekas grades and RNFL thickness, vessel density, FAZ area, retinal
SCP, and DCP vessel density at different locations. As Fazekas grades
increased, ILM-IPL thickness (FO: OR = 3.267, 95% CI = 2.026-
5.269; OR = 8.436, 95% CI = 2.816-25.266), vessel density in the
parafoveal region of the macula, both deep retinal vessel densities
(FO: OR=2.058, 95% CI=1.487-2.850; OR=2.363, 95%
CI=1.703-3.278) and superficial retinal vessel densities (FO:
OR =2.217, 95% CI = 1.584-3.103; OR = 2.059, 95% CI = 1.497-
2.831), and RNFL thickness significantly reduced (all p < 0.05)
(Table 2).

3.3 Multivariate logistic analysis of WMLs
severity and FAZ area, ILM-IPL thickness

With increasing Fazekas grades, the bilateral FAZ showed a
significant increase (F0: OR=0.362, 95% CI=0.247-0.532;
OR = 0.458, 95% CI = 0.337-0.623) (p < 0.05). The OR values for
Fazekas grade 0 data were significantly higher (p < 0.05) than those
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TABLE 1 Comparison of patient demographic data and background data based on Fazekas grades.

10.3389/fneur.2025.1421232

Variables Control group (FO-F1) Experimental group (F2-F3) p value
n 85 58

Age (Year, m * s5) 62+7 68 +7 0.8727%*
Male (n, %) 33,38.8 37,63.8 0.003%**
Duration of education exceeds 9 years (1, %) 51,60 36, 62.1 0.803%#:k*
Hypertension (11, %) 43, 50.6 29,87.9 0.0027%:%*
Dyslipidemia (1, %) 23,27.1 13,224 0.530%**
Diabetes (1, %) 18,21.2 21,36.2 0.048%**
Coronary heart disease (1, %) 13,15.3 12,20.7 0.404%%*
Fasting blood glucose (mmol/L, M, IQR) 5.54(4.90-6.36) 5.54(4.99-6.85) 0.535%
Smoke (1, %) 8,9.4 12,20.7 0.056%**
Drinking (n, %) 6,7.1 12,20.7 0.016%**
SBP on admission (mmHg, m + s) 140.1 +19.7 143.7 £ 19.9 0.168%*
DBP on admission (mmHg, m + s) 84.8 +12.1 86.3+13.2 0.477%%*
Cholesterol (mmol/L, M, IQR) 4.30 (3.60-5.20) 4.13 (3.45-5.10) 0.358*
Triglyceride (mmol/L, M, IQR) 1.17 (0.82-1.78) 1.27 (0.90-1.92) 0.711*
LDL-C (mmol/L, M, IQR) 2.69 (2.31-3.29) 2.53 (2.20-3.17) 0.261%
HDL-C (mmol/L, m + s) 1.19£0.29 1.13£0.29 0.207%*
ILM-IPL thickness OD (um, M, IQR) 55 (52-59) 50 (47-52) <0.001%
ILM-IPL thickness OS (pm, M, IQR) 56 (52-59) 50 (46-51) <0.001*
ST RNFL thickness OD (pm, m + s) 1244 +13.7 112.0 £ 12.6 <0.001%**
TI RNFL thickness OD (pum, m * s) 84.2 +10.0 67.9+9.7 <0.001%**
IN RNFL thickness OS (pm, m + s) 144.2 £ 12.9 129.6 £ 11.1 <0.001%*
NS RNFL thickness OS (pm, m * s) 92.3+12.8 80.5+10.0 <0.001%*
ST vessel density OD (%, M, IQR) 56 (53-59) 53 (50-56) <0.001*
TI vessel density OD (%, m * s) 52.0+4.2 50.8 + 4.9 0.126%*
IN vessel density OS (%, M, IQR) 51 (49-54) 50 (48-52) 0.019*
NS vessel density OS (%, M, IQR) 50 (48-52) 47 (45-48) <0.001*
FAZ OD (mm? m + s) 0.268 + 0.046 0.340 £ 0.051 <0.001%*
FAZ OS (mm? M, IQR) 0.274 (0.241-0.293) 0.347 (0.324-0.376) <0.001*
SCP OD (%, M, IQR) 51.1 (49.6-53.7) 45.9 (42.2-49.5) <0.001*
SCP OS (%, m £ s) 51.1+£3.5 46.0 £4.0 <0.001%*
DCP OD (%, M, IQR) 51.4 (49.7-54.1) 47.3 (44.6-49.6) <0.001*
DCP OS (%, m £ s) 51527 47.7£3.2 <0.001%*
MMSE (M, IQR) 29 (28-30) 27 (23-28) <0.001*
MOCA (M, IQR) 25 (24-27) 20 (17-22) <0.001*

SBP, Systolic blood pressure; DBP, Diastolic blood pressure; LDL, Low-density lipoprotein; HDL, High density lipoprotein; RNFL, Retinal nerve fiber layer; ILM, Internal limiting membrane;
IPL, Inner plexiform layer; S, Superior; I, inferior; T, temporal; N, nasal; FAZ, Foveal avascular zone; SCP, Superficial capillary plexus; DCP, Deep capillary plexus; OD, Oculus dexter; OS,

Oculus sinister; MoCA, Monterey Cognitive Assessment Scale; MMSE, Mini-Mental State Examination.

*Man-Whitney U test.
**Independent sample t-test.
##kPearson Chi-square test.

for Fazekas grade 3 data. In ILM-IPL thickness, the right eye thickness 3.4 Quadratic and cubic simulated curve
of Fazekas grade 0 subjects was 3.267 times higher than that of Fazekas ~ models between cognitive function and
grade 3 subjects (OR =3.267, 95% CI = 2.026-5.269, p <0.001). ~ various OCTA parameters

Whereas the left eye thickness of Fazekas grade 0 subjects was 8.436
times higher than that of Fazekas grade 3 subjects (OR = 8.436, 95%
CI = 2.816-25.266, p < 0.001) (Table 2).

Due to the negative relation between WMLs burden, Fazekas
scores, and cognitive function scores (22), MoCA scores were used to
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TABLE 2 Multiple logistic regression analysis between retinal vascular indexes and Fazekas grade.

10.3389/fneur.2025.1421232

Variables Oculus Dexter (OD) Oculus Sinister (OS)
OR (95% Cl) p value OR(95%Cl) p value

ILM-IPL thickness(F3) 1.000 - 1.000 -
F2 1.503 (1.077-2.099) 0.017 3.967 (1.563-10.067) 0.004
F1 2.706 (1.705-4.293) <0.001 7.792 (2.607-23.283) <0.001
FO 3.267 (2.026-5.269) <0.001 8.436 (2.816-25.266) <0.001
ptrend <0.001 <0.001
ST RNFL thickness(F3) 1.000 - 1.000 -
F2 1.047 (0.964-1.137) 0.276 1.104 (1.016-1.200) 0.020
F1 1.093 (1.014-1.178) 0.020 1.120 (1.030-1.219) 0.008
FO 1.111 (1.025-1.204) 0.010 1.121 (1.025-1.226) 0.012
ptrend 0.002 0.001
IN RNFL thickness(F3) 1.000 - 1.000 -
F2 1.095 (1.020-1.174) 0.012 1.366 (1.212-1.540) <0.001
F1 1.138 (1.061-1.222) <0.001 1.240 (1.112-1.384) <0.001
FO 1.191 (1.105-1.284) <0.001 1.131 (1.028-1.243) 0.011
p trend <0.001 <0.001
TI vessel density(F3) 1.000 - 1.000 -
F2 1.295 (1.059-1.584) 0.004 1.251 (1.008-1.554) 0.043
F1 1.285 (1.069-1.545) 0.008 1.332 (1.084-1.636) 0.006
FO 1.355 (1.099-1.669) 0.012 1.265 (1.009-1.586) 0.042
ptrend 0.002 0.068
NS vessel density(F3) 1.000 - 1.000 -
F2 1.378 (1.054-1.801) 0.019 2.345 (1.351-4.068) 0.002
F1 1.668 (1.252-2.221) <0.001 4.204 (2.196-8.501) <0.001
FO 2.083 (1.520-2.854) <0.001 6.049 (3.057-11.970) <0.001
ptrend <0.001 <0.001
FAZ(F3) 1.000 - 1.000 -
F2 0.619 (0.454-0.844) 0.002 0.759 (0.608-0.947) 0.014
F1 0.457 (0.320-0.654) <0.001 0.490 (0.364-0.659) <0.001
FO 0.362 (0.247-0.532) <0.001 0.458 (0.337-0.623) <0.001
ptrend <0.001 <0.001
SCP(F3) 1.000 - 1.000 -
F2 1.491 (1.113-1.997) 0.007 1.367 (1.034-1.807) 0.028
F1 1.871 (1.376-2.544) <0.001 1.823 (1.353-2.455) <0.001
FO 2.217 (1.584-3.103) <0.001 2.059 (1.497-2.831) <0.001
ptrend <0.001 <0.001
DCP(F3) 1.000 - 1.000 -
F2 1.378 (1.043-1.819) 0.024 1.738 (1.314-2.299) <0.001
F1 1.803 (1.341-2.425) <0.001 2.357 (1.724-3.222) <0.001
FO 2.058 (1.487-2.850) <0.001 2.363 (1.703-3.278) <0.001
p trend <0.001 <0.001

ILM, Internal limiting membrane; IPL, Inner plexiform layer; RNFL, Retinal nerve fiber layer; S, Superio; I, inferior; T, temporal; N, nasal; FAZ, Foveal avascular zone; SCP, Superficial
capillary plexus; DCP, Deep capillary plexus; FO-3, Fazekas grades.

illustrate the linear relationship changes between WMLs severity and  correlated with ILM-IPL thickness (Figure 1), parafoveal SCP and
various OCTA parameters. In the quadratic simulated curve model =~ DCP in the macular area (Figure 2), and RNFL thickness at different
and the cubic simulated curve model, MoCA scores were positively  locations (Figure 3). Each curve exhibits a monotonic relationship,
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The relationship between Moca score and ILM-IPL thickness (SPSS Statistics 26 IBM); A: Moca score and right eye ILM-IPL thickness; B: Moca score
and left eye ILM-IPL thickness; MoCA: Monterey Cognitive Assessment Scale; ILM: Internal limiting membrane; IPL: Inner plexiform layer.
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MoCA

The relationship between Moca score and vascular density of SCP and DCP (SPSS Statistics 26 IBM); A: Moca score and right eye vascular density of
SCP; B: Moca score and left eye vascular density of SCP; C: Moca score and right eye vascular density of DCP; D: Moca score and left eye vascular
density of DCP; MoCA: Monterey Cognitive Assessment Scale; SCP: Superficial capillary plexus; DCP, Deep capillary plexus.

lacking any evident threshold or inflection point. This indicates that
as MoCA scores decrease, bilateral ILM-IPL thickness, parafoveal
SCP/DCP vessel density, vessel density, and RNFL thickness decrease.

Additionally, MoCA scores were negatively correlated with FAZ area,
suggesting that as MoCA scores decrease, bilateral FAZ area increases
gradually (Figure 4).
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The relationship between Moca score and vascular density and RNFL thickness (SPSS Statistics 26 IBM); A: Moca score and right eye NI RNFL thickness;
B: Moca score and right eye SN RNFL thickness; C: Moca score and right eye ST vascular density; D: Moca score and right eye NS vascular density;
MoCA: Monterey Cognitive Assessment Scale; RNFL: Retinal nerve fiber layer.

4 Discussion

This observational study systematically examined the relation
between the extent of WMLs involvement and various retinal
parameters, including ILM-IPL thickness, SCP and DCP vessel
density, RNFL thickness, and FAZ area (Figure 5). The results showed
that the degree of WMLSs was significantly associated with various
indicators of OCTA. As the white matter lesions progressively
deteriorate, the vessel density and retinal thickness in all quadrants of
the retina also decreased. Simultaneously, the FAZ region is
progressively expanding. In other words, as the severity of white
matter lesions increases, patients exhibit a thinner retinal thickness,
reduced vascular density, and a larger extent of ischemia compared to
healthy individuals.

The findings of this study demonstrate a significant relationship
between the severity of WMLs in the brain and both retinal thickness
and vascular status. The retina is intricately connected to the brain in
both the nervous system and the vascular system. Based on our
results, we suspect that wmls progression in the brain is accompanied
by similar pathophysiological changes in the retina of patients.
Previous research has indicated a correlation between elevated
WDMLs in the brain and alterations in both the retinal microvascular

Frontiers in Neurology

area and the avascular zone of the macula (18). These findings
produce outcomes that are similar to those observed in our study.
However, there’s also a study has found that changes in retinal nerve
fiber layer thickness may not differentiate between normal
individuals and those with preclinical Alzheimer’s disease (23).
Additionally, OCT as a longitudinal screening tool for preclinical
Alzheimer’s disease patients has limited efficacy (24). However, their
data was based on OCT,
neurodegenerative disease that causes progressive neural functional

and Alzheimer’s disease is a
degeneration. They did not consider cognitive decline caused by
small vessel disease, which is frequently more prevalent and easier to
develop than Alzheimer’s disease and has more complex risk factors,
including blood pressure, blood sugar, smoking, and alcohol
consumption.

In line with the previous studies, the odds ratios of participants
with Fazekas grade 1 compared to grade 0 showed no significant
differences in RNFL thickness and vessel density results in most
quadrants (Except in the inferior nasal quadrant). However, significant
differences were observed when comparing participants with Fazekas
grades 2 and 3 to those with grade 0. As a result, it was concluded that
RNFL thickness and certain areas of vessel density as observational
indicators may have limitations in detecting early WMLs. Significant
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FIGURE 4
The relationship between Moca score and FAZ (SPSS Statistics 26 IBM); A: Moca score and right eye FAZ; B: Moca score and left eye FAZ; MoCA:
Monterey Cognitive Assessment Scale; FAZ: Foveal avascular zone.

differences were observed in the inferior nasal RNFL thickness,  they had different slopes, indicating varying degrees of response
superior nasal, temporal superior vessel density, and inferior nasal ~ between retinal indicators and MoCA scores. This further confirms
vessel density of participants with a grade of 0 compared to grade 1. the challenge of certain indicators in detecting early WMLs. In
In a study examining cognitive decline, the researchers proposed that  particular, the inferior nasal quadrant of both eyes and the superior
in individuals without neurodegenerative diseases, a thinner RNFL  nasal quadrant of the right eye exhibited a steeper decline in RNFL
was associated with poorer cognitive function and predicted more  thickness. However, contrary findings have been reported in some
severe cognitive decline in the future (25). Comparable results were  studies. Previous OCTA studies have demonstrated significant
reported in a study, where they found that changes in retinal structure  correlations between RNFL thickness, DCP, and the severity of WMLs
had a significant relation with cognitive function levels. Additionally, =~ when evaluated separately using the Fazekas scale (19). The RNFL,
they showed that OCTA can detect early lesions. However, in contrast ~ which contains retinal nerve axons reflecting the integrity of cerebral
to our findings, they believed that vessel density in the superficial ~ white matter (30), shows similarities to our findings. Our results thus
capillary plexus (inferior hemispheres, temporal and nasal quadrants)  reinforce the association between RNFL thickness and the
and deep capillary plexus (inferior hemispheres and nasal quadrants)  pathogenesis of white matter hyperintensities. However, these earlier
of the macula may function as reliable biomarkers for detecting and  studies did not quantify RNFL thickness nor divide it into specific
monitoring early cognitive changes in Alzheimer’s disease (26). quadrants. Another study found that nasal RNFL thickness was
Our new findings show similar characteristics in the FAZ areaand  significantly reduced in Alzheimer’s disease patients compared to
the superficial capillary plexus beside the fovea. However, in the deep  those with hypercholesterolemia (31). These discrepancies may be due
capillary plexus indicators, changes in the plexus more accurately  to different measurement methods or a lack of comprehensive
reflected the progression of WMLs. Although multiple studies have  quadrant analysis, which could introduce bias in the findings.
reported a significant relation between retinal layer thickness and A comparable study conducted in China demonstrated that
vascular changes with cognitive decline (27), they did not analyze the =~ microvascular and axonal damage are associated with WMLs. The
results subsequent to a comprehensive differentiation of the  research indicated a significant impact on retinal blood vessel density,
retinal regions. with these injuries correlating with disease severity and cognitive
Combining simulated curve analysis, we found that regardless of ~ function. Furthermore, the study suggests that OCTA may serve as a
whether in the quadratic or cubic simulated curves, MoCA scores  valuable tool for quantifying retinal capillary density in patients with
were positively correlated with ILM-IPL thickness, SCP and DCPin ~ WMLs (19). A study compared Alzheimer’s disease patients to a
the parafoveal area, RFNL thickness in various locations and  normal control group and observed that all quantitative retinal nerve
negatively correlated with FAZ area. Similar to the findings of arecent ~ parameters (retinal nerve fiber layer thickness in the superior, inferior,
systematic review, this indicates that the extent of WMLs is negatively ~ nasal, and temporal quadrants) were decreased. Additionally, OCT
correlated with retinal thickness, vascular density, and other indicators ~ scans detected a significant reduction in the thickness of macular
and positively correlated with FAZ area (28). A study reported that ~ RNFL during preclinical stages (32). Our curve results revealed a
thinner baseline total macular RNFL thickness was associated witha  steeper slope in bilateral superior nasal, inferior nasal, and left nasal
greater decline in MMSE scores during follow-up (29). However,  superior vascular density, which is consistent with the results of the
detailed quadrant analysis was not performed on the total macular ~ aforementioned study. Furthermore, we provided a more
RNFL thickness at baseline in this study, and MMSE scores had alow ~ comprehensive presentation of specific differences in various
sensitivity for patients with mild cognitive impairment. quadrants. We recently observed that the bilateral FAZ area and
In our simulated curves, we found that although the results of  bilateral parafoveal SCP/DCP had significant slopes, with DCP
various indicators in different quadrants showed similar relations,  showing a larger slope than SCP. Our findings provide new clinical
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FIGURE 5

Vessel Density (RPC)

Magnetic Resonance Imaging T2-FLAIR characteristic images of white matter lesions (indicated by the red arrow) in a Fazekas grade 2 subject, along
with retinal thickness and vascular density data obtained via Optical Coherence Tomography Angiography (Images from the same subject); A, B:
Diagram of white matter lesions; C: Retinal thickness measurement diagram; D:Diagram of vascular density measurement.

evidence and directions for identifying patients with mild cognitive
impairment in their early stages.

Recent OCT angiography studies have demonstrated that the FAZ
area is significantly enlarged in patients with biomarker-positive
cognitive dysfunction (33), suggesting that FAZ may serve as a
potential biomarker in Alzheimer’s disease (34). Additional research
has validated the findings of OCT angiography studies (35). These
indicators exhibit a strong relation as a result of the close relationship
between macular microvasculature changes (including FAZ area) and
macular RNFL thickness. However, our study could not confirm
whether the enlargement of the FAZ area preceded the thinning of
macular RNFL thickness, which is the primary mechanism underlying
the association between cognitive decline and changes in macular
retinal microvasculature and neural structure (36).

In our preliminary research, we found that the occurrence and
development of WMLs are likely correlated with local cerebral
hypoperfusion (22). This condition is strongly associated with
brain microvascular pathology, which can be attributed to various

Frontiers in Neurology

factors, including age and hypertension. In this study, it was
observed that changes in retinal thickness and vascular density
accompanied changes in the severity of WMLs. Due to their
comparable anatomical and physiopathological characteristics,
retinal and cerebral vessels are likely to exhibit similar processes
and degrees of pathology development and share similar risk
factors. Studies from Rotterdam have long suggested a relation
between retinal venous dilation and the progression of cerebral
microvascular disease, suggesting that the underlying mechanisms
of vascular pathology between the retina and the brain are
comparable (37).

Multiple studies have demonstrated that thicker retinal veins are
correlated with higher cerebrospinal fluid pressure, and the increased
ratio of retinal vein to artery diameter depends on elevated
cerebrospinal fluid pressure, which is associated with blood pressure
(38). Furthermore, age-related vascular changes have been identified
as significant risk factors for both cognitive decline and small vessel
disease (39). The retinal nerve fiber layer thickness and vessel
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diameter decrease with age as part of the normal aging process.
However, these physiological changes may indicate degeneration in
the brain’s white matter. Consistent with existing research, another
study has demonstrated that alterations in retinal microvascular
density, morphological parameters, and RNFL thickness are
associated with the incidence of moderate-to-severe WMLs. These
findings suggest that arteriosclerosis and hypoperfusion may underlie
the pathogenesis of WMLs (40). Consequently, novel evidence
suggesting concurrent changes in brain white matter may
be discerned more easily through the utilization of OCTA to analyze
alterations in retinal vessels and nerves.

There were several limitations to this study. First, it was a single-
center observational study with a relatively small and homogenous
sample size. Due to time constraints, the sample size for Fazekas 2 and
3 subjects was considerably smaller compared to the other two groups.
This discrepancy may compromise the reliability and precision of both
the logistic regression analysis and curve simulation outcomes.
We collected data on multiple parameters of OCTA, which allowed for
a more precise and comprehensive presentation of the data and
findings. However, there are currently no universally recognized and
standardized data criteria, and the risk of interference errors resulting
from varying degrees of precision among measurers and different
measuring instruments is significant. The MoCA score also has certain
limitations. The test places high demands on the educational
background of participants, and its assessment value for individuals
with moderate to severe cognitive impairment is limited. This may
result in scores that do not fully reflect the true cognitive function
levels of the subjects.

5 Conclusion

This study established that the severity of white matter lesions
increases as retinal thickness and vascular density decrease. Patients
with poorer cognitive ability had thinner retinal thickness, lower
fundus vessel density, and greater retinal ischemia. OCTA examination
has a degree of role in screening for WMLs caused by cerebral
microvascular disease. However, its screening effect on asymptomatic
patients in the early stage is limited. Furthermore, there are differences
in the response level of RNFL thickness and vascular density indicators
in different retinal quadrants. Retinal indicators of OCTA in the
bilateral superior-nasal, nasal-inferior, and left nasal-superior
quadrants may be more effective clinical screening biomarkers for
white matter lesions.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed and
approved by the Ethics Committee of the First People’s Hospital

Frontiers in Neurology

11

10.3389/fneur.2025.1421232

of Xuzhou. The studies were conducted in accordance with the
local legislation and institutional requirements. Written
informed consent to participate in this study was provided
by the participants’ or the participants legal guardian/
next of kin.

Author contributions

DZ: Conceptualization, Data curation, Formal analysis,
Investigation, Project administration, Software, Validation, Writing -
original draft, Writing - review & editing. XJ: Writing - original draft.
YZ: Conceptualization, Formal analysis, Funding acquisition, Project
administration, Validation, Writing - review & editing. JQ:
Conceptualization, Formal analysis, Funding acquisition, Project
administration, Writing — review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work was
supported by Xuzhou Science and Technology project (KC23166) and
Pengcheng Talents-Young medical reserve talent training program
(XWRCHT20220010).

Acknowledgments

We would like to extend our sincere appreciation to the
Department of Neurology and Ophthalmology at Xuzhou First
People’s Hospital for their invaluable contributions to our
project.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any
product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by
the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fneur.2025.1421232/
full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fneur.2025.1421232
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2025.1421232/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2025.1421232/full#supplementary-material

Zhang et al.

References

1. Jokinen H, Gongalves N, Vigario R, Lipsanen J, Fazekas F, Schmidt R, et al. Early-
stage white matter lesions detected by multispectral Mri segmentation predict
progressive cognitive decline. Front Neurosci. (2015) 9:455. doi: 10.3389/
fnins.2015.00455

2. Etherton MR, Wu O, Giese AK, Rost NS. Normal-appearing white matter
microstructural injury is associated with white matter Hyperintensity burden in
acute ischemic stroke. Int ] Stroke. (2021) 16:184-91. doi: 10.1177/174749301
9895707

3. Sagnier S, Catheline G, Dilharreguy B, Linck PA, Coupé P, Munsch F, et al. Normal-
appearing white matter integrity is a predictor of outcome after ischemic stroke. Stroke.
(2020) 51:449-56. doi: 10.1161/STROKEAHA.119.026886

4. Xie Y, Xie L, Kang F, Jiang ], Yao T, Mao G, et al. Association between white matter
alterations and domain-specific cognitive impairment in cerebral small vessel disease: a
Meta-analysis of diffusion tensor imaging. Front Aging Neurosci. (2022) 14:1019088. doi:
10.3389/fnagi.2022.1019088

5. Zhang D, He M, He Q, Li Z. Blood pressure rhythm and blood pressure variability
as risk factors for white matter lesions: a cross-sectional study. Med Sci Monit. (2022)
28:€933880. doi: 10.12659/MSM.933880

6. Vernieri F, Pasqualetti P, Matteis M, Passarelli F, Troisi E, Rossini PM, et al. Effect
of collateral blood flow and cerebral vasomotor reactivity on the outcome of carotid
artery occlusion. Stroke. (2001) 32:1552-8. doi: 10.1161/01.STR.32.7.1552

7. Schmidt R, Ropele S, Enzinger C, Petrovic K, Smith S, Schmidt H, et al. White
matter lesion progression, brain atrophy, and cognitive decline: the austrian stroke
prevention study. Ann Neurol. (2005) 58:610-6. doi: 10.1002/ana.20630

8. Doubal FN, Mac Gillivray TJ, Patton N, Dhillon B, Dennis MS, Wardlaw JM.
Fractal analysis of retinal vessels suggests that a distinct vasculopathy causes
lacunar  stroke. Neurology. (2010) 74:1102-7. doi: 10.1212/WNL.0b013
e3181d7d8b4

9. McGrory S, Ballerini L, Doubal FN, Staals J, Allerhand M, Valdes-Hernandez MDC,
et al. Retinal microvasculature and cerebral small vessel disease in the Lothian birth
cohort 1936 and mild stroke study. Sci Rep. (2019) 9:6320. doi: 10.1038/s41598-
019-42534-x

10. van der Heide FCT, Steens ILM, Limmen B, Mokhtar S, van Boxtel MP]J, Schram
MT, et al. Thinner inner retinal layers are associated with lower cognitive performance,
lower brain volume, and altered white matter network structure-the Maastricht study.
Alzheimers Dement. (2024) 20:316-29. doi: 10.1002/alz.13442

11. London A, Benhar I, Schwartz M. The retina as a window to the brain-from eye
research to Cns disorders. Nat Rev Neurol. (2013) 9:44-53. doi: 10.1038/
nrneurol.2012.227

12. Patton N, Aslam T, Macgillivray T, Pattie A, Deary IJ, Dhillon B. Retinal vascular
image analysis as a potential screening tool for cerebrovascular disease: a rationale based
on homology between cerebral and retinal microvasculatures. ] Anat. (2005) 206:319-48.
doi: 10.1111/§.1469-7580.2005.00395.x

13. Hanff TC, Sharrett AR, Mosley TH, Shibata D, Knopman DS, Klein R, et al. Retinal
microvascular abnormalities predict progression of brain microvascular disease: an
atherosclerosis risk in communities magnetic resonance imaging study. Stroke. (2014)
45:1012-7. doi: 10.1161/STROKEAHA.113.004166

14. Quan X, Wu J, Liu Z, Li X, Xiao Y, Shu H, et al. Outcomes after double-layer repair
versus En masse repair for delaminated rotator cuff injury: a systematic review and
meta-analysis. Orthop J Sports Med. (2023) 11:23259671231206183. doi: 10.1177/
23259671231206183

15. Deal JA, Sharrett AR, Rawlings AM, Gottesman RF, Bandeen-Roche K, Albert M,
et al. Retinal signs and 20-year cognitive decline in the atherosclerosis risk in
communities study. Neurology. (2018) 90:e1158-66. doi: 10.1212/WNL.0000000000
005205

16. Fujimoto J, Swanson E. The development, commercialization, and impact of
optical coherence tomography. Invest Ophthalmol Vis Sci. (2016) 57:0CT1. doi: 10.1167/
i0vs.16-19963

17. Bailey ST, Thaware O, Wang J, Hagag AM, Zhang X, Flaxel CJ, et al. Detection of
nonexudative choroidal neovascularization and progression to exudative choroidal
neovascularization using Oct angiography. Ophthalmol Retina. (2019) 3:629-36. doi:
10.1016/j.0ret.2019.03.008

18. Gao Y, Kwapong WR, Zhang Y, Yan Y, Jin X, Tao Y, et al. Retinal microvascular
changes in white matter Hyperintensities investigated by swept source optical coherence
tomography angiography. BMC Ophthalmol. (2022) 22:77. doi: 10.1186/
512886-021-02143-7

19. Peng C, Kwapong WR, Xu S, Muse FM, Yan J, Qu M, et al. Structural and
microvascular changes in the macular are associated with severity of white matter
lesions. Front Neurol. (2020) 11:521. doi: 10.3389/fneur.2020.00521

Frontiers in Neurology

12

10.3389/fneur.2025.1421232

20. Fu W, Zhou X, Wang M, Li P, Hou J, Gao P, et al. Fundus changes evaluated by Octa
in patients with cerebral small vessel disease and their correlations: a cross-sectional
study. Front Neurol. (2022) 13:843198. doi: 10.3389/fneur.2022.843198

21.Fazekas F, Chawluk JB, Alavi A, Hurtig HI, Zimmerman RA. Mr signal
abnormalities at 1.5 T in Alzheimer's dementia and Normal aging. AJR Am ] Roentgenol.
(1987) 149:351-6. doi: 10.2214/ajr.149.2.351

22. Zhang D, Zhang J, Zhang B, Zhang J, He M. Association of Blood Pressure, white
matter lesions, and regional cerebral blood flow. Med Sci Monit. (2021) 27:¢929958. doi:
10.12659/MSM.929958

23.van de Kreeke JA, Nguyen HT, den Haan J, Konijnenberg E, Tomassen J, den
Braber A, et al. Retinal layer thickness in preclinical Alzheimer's disease. Acta
Ophthalmol. (2019) 97:798-804. doi: 10.1111/a0s.14121

24.van de Kreeke JA, Nguyen HT, Konijnenberg E, Tomassen ], den Braber A, Ten
Kate M, et al. Longitudinal retinal layer changes in preclinical Alzheimer's disease. Acta
Ophthalmol. (2021) 99:538-44. doi: 10.1111/20s.14640

25.Ko E, Muthy ZA, Gallacher J, Sudlow C, Rees G, Yang Q, et al. Association of
Retinal Nerve Fiber Layer Thinning with current and future cognitive decline: a study
using optical coherence tomography. JAMA Neurol. (2018) 75:1198-205. doi: 10.1001/
jamaneurol.2018.1578

26. Yan Y, Wu X, Wang X, Geng Z, Wang L, Xiao G, et al. The retinal vessel density
can reflect cognitive function in patients with Alzheimer's disease: evidence from optical
coherence tomography angiography. J Alzheimers Dis. (2021) 79:1307-16. doi: 10.3233/
JAD-200971

27.Ma X, Xie Z, Wang H, Tian Z, Bi Y, Li Y, et al. A cross-sectional study of retinal
vessel changes based on optical coherence tomography angiography in Alzheimer's
disease and mild cognitive impairment. Front Aging Neurosci. (2023) 15:1101950. doi:
10.3389/fnagi.2023.1101950

28. Ibrahim Y, Xie J, Macerollo A, Sardone R, Shen Y, Romano V, et al. A systematic
review on retinal biomarkers to diagnose dementia from Oct/Octa images. ] Alzheimers
Dis Rep. (2023) 7:1201-35. doi: 10.3233/adr-230042

29. Mutlu U, Colijn JM, Ikram MA, Bonnemaijer PWM, Licher S, Wolters FJ, et al.
Association of Retinal Neurodegeneration on optical coherence tomography with
dementia: a population-based study. JAMA Neurol. (2018) 75:1256-63. doi: 10.1001/
jamaneurol.2018.1563

30. Mutlu U, Bonnemaijer PWM, Tkram MA, Colijn JM, Cremers LGM, Buitendijk
GHES, et al. Retinal neurodegeneration and brain Mri markers: the Rotterdam study.
Neurobiol Aging. (2017) 60:183-91. doi: 10.1016/j.neurobiolaging.2017.09.003

31. Lemmens S, Van Craenendonck T, Van Eijgen J, De Groef L, Bruffaerts R, de Jesus
DA, et al. Combination of snapshot hyperspectral retinal imaging and optical coherence
tomography to identify Alzheimer's disease patients. Alzheimers Res Ther. (2020) 12:144.
doi: 10.1186/s13195-020-00715-1

32. Mei X, Qiu C, Zhou Q, Chen Z, Chen Y, Xu Z, et al. Changes in retinal multilayer
thickness and vascular network of patients with Alzheimer's disease. Biomed Eng Online.
(2021) 20:97. doi: 10.1186/s12938-021-00931-2

33. Yoon SP, Grewal DS, Thompson AC, Polascik BW, Dunn C, Burke JR, et al. Retinal
microvascular and neurodegenerative changes in Alzheimer's disease and mild cognitive
impairment compared with control participants. Ophthalmol Retina. (2019) 3:489-99.
doi: 10.1016/j.0ret.2019.02.002

34.O'Bryhim BE, Apte RS, Kung N, Coble D, Van Stavern GP. Association of
Preclinical Alzheimer Disease with optical coherence tomographic angiography
findings. JAMA Ophthalmol. (2018) 136:1242-8. doi: 10.1001/jamaophthalmol.2018.3556

35.O'Bryhim BE, Lin JB, Van Stavern GP, Apte RS. Oct angiography findings in
preclinical Alzheimer's disease: 3-year follow-up. Ophthalmology. (2021) 128:1489-91.
doi: 10.1016/j.0phtha.2021.02.016

36. Zhou Y, Zhou M, Gao M, Liu H, Sun X. Factors affecting the foveal avascular zone
area in healthy eyes among young Chinese adults. Biomed Res Int. (2020) 2020:7361492.
doi: 10.1155/2020/7361492

37.Tkram MK, De Jong FJ, Van Dijk EJ, Prins ND, Hofman A, Breteler MM, et al.
Retinal vessel diameters and cerebral small vessel disease: the Rotterdam scan study.
Brain. (2006) 129:182-8. doi: 10.1093/brain/awh688

38.Jonas JB, Wang N, Wang S, Wang YX, You QS, Yang D, et al. Retinal vessel
diameter and estimated cerebrospinal fluid pressure in arterial hypertension: the Beijing
eye study. Am ] Hypertens. (2014) 27:1170-8. doi: 10.1093/ajh/hpu037

39. Cortes-Canteli M, Iadecola C. Alzheimer's disease and vascular aging: Jacc focus
seminar. ] Am Coll Cardiol. (2020) 75:942-51. doi: 10.1016/j.jacc.2019.10.062

40. Zhou X, Li T, Qu W, Pan D, Qiu Q, Wu L, et al. Abnormalities of retinal structure
and microvasculature are associated with cerebral white matter Hyperintensities. Eur J
Neurol. (2022) 29:2289-98. doi: 10.1111/ene.15378

frontiersin.org


https://doi.org/10.3389/fneur.2025.1421232
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.3389/fnins.2015.00455
https://doi.org/10.3389/fnins.2015.00455
https://doi.org/10.1177/1747493019895707
https://doi.org/10.1177/1747493019895707
https://doi.org/10.1161/STROKEAHA.119.026886
https://doi.org/10.3389/fnagi.2022.1019088
https://doi.org/10.12659/MSM.933880
https://doi.org/10.1161/01.STR.32.7.1552
https://doi.org/10.1002/ana.20630
https://doi.org/10.1212/WNL.0b013e3181d7d8b4
https://doi.org/10.1212/WNL.0b013e3181d7d8b4
https://doi.org/10.1038/s41598-019-42534-x
https://doi.org/10.1038/s41598-019-42534-x
https://doi.org/10.1002/alz.13442
https://doi.org/10.1038/nrneurol.2012.227
https://doi.org/10.1038/nrneurol.2012.227
https://doi.org/10.1111/j.1469-7580.2005.00395.x
https://doi.org/10.1161/STROKEAHA.113.004166
https://doi.org/10.1177/23259671231206183
https://doi.org/10.1177/23259671231206183
https://doi.org/10.1212/WNL.0000000000005205
https://doi.org/10.1212/WNL.0000000000005205
https://doi.org/10.1167/iovs.16-19963
https://doi.org/10.1167/iovs.16-19963
https://doi.org/10.1016/j.oret.2019.03.008
https://doi.org/10.1186/s12886-021-02143-7
https://doi.org/10.1186/s12886-021-02143-7
https://doi.org/10.3389/fneur.2020.00521
https://doi.org/10.3389/fneur.2022.843198
https://doi.org/10.2214/ajr.149.2.351
https://doi.org/10.12659/MSM.929958
https://doi.org/10.1111/aos.14121
https://doi.org/10.1111/aos.14640
https://doi.org/10.1001/jamaneurol.2018.1578
https://doi.org/10.1001/jamaneurol.2018.1578
https://doi.org/10.3233/JAD-200971
https://doi.org/10.3233/JAD-200971
https://doi.org/10.3389/fnagi.2023.1101950
https://doi.org/10.3233/adr-230042
https://doi.org/10.1001/jamaneurol.2018.1563
https://doi.org/10.1001/jamaneurol.2018.1563
https://doi.org/10.1016/j.neurobiolaging.2017.09.003
https://doi.org/10.1186/s13195-020-00715-1
https://doi.org/10.1186/s12938-021-00931-2
https://doi.org/10.1016/j.oret.2019.02.002
https://doi.org/10.1001/jamaophthalmol.2018.3556
https://doi.org/10.1016/j.ophtha.2021.02.016
https://doi.org/10.1155/2020/7361492
https://doi.org/10.1093/brain/awh688
https://doi.org/10.1093/ajh/hpu037
https://doi.org/10.1016/j.jacc.2019.10.062
https://doi.org/10.1111/ene.15378

	Retinal assessment in 143 patients with white matter lesions: the potential of OCTA as an evaluation tool
	1 Introduction
	2 Methods
	2.1 Ethical statement
	2.2 Participants
	2.3 Inclusion criteria
	2.4 Exclusion criteria
	2.5 General data acquisition
	2.6 OCTA examination
	2.7 OCTA image acquisition and retinal quadrant division
	2.8 OCTA image quality control
	2.9 MRI scan
	2.10 WMLs analysis
	2.11 Cognitive function
	2.12 Statistical analysis

	3 Results
	3.1 General information
	3.2 Multivariate logistic analysis of WMLs severity and RNFL thickness, vessel density, retinal SCP, and DCP vessel density
	3.3 Multivariate logistic analysis of WMLs severity and FAZ area, ILM-IPL thickness
	3.4 Quadratic and cubic simulated curve models between cognitive function and various OCTA parameters

	4 Discussion
	5 Conclusion

	References

