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ABSTRACT
Background: Emerging evidence suggests that ocular and radiological
parameters may serve as early indicators of neurological decline in Parkinson’s
disease (PD). This study aims to compare specific eye-related measurements
between individuals with PD and healthy controls and evaluate the correlation
between ocular measurements and clinical as well as radiological parameters.
Methods: This case-control study was conducted between February 2022 and
September 2023. The study included 22 PD patients and 20 healthy controls.
Neurological and ophthalmological evaluations were performed using optical
coherence tomography to assess retinal structures. Additionally, magnetic
resonance imaging with diffusion tensor imaging was used to measure white
matter integrity.
Results: The study enrolled 42 participants, with a predominance of males.
Disease severity and cognitive functions were assessed and indicated
considerable impairment among PD patients. Ocular and retinal parameters
showed differences in retinal nerve fiber layer thickness and choroidal thickness.
MRI metrics showed significant reductions in fractional anisotropy and increases
in mean diffusivity in several brain regions of PD patients, indicating white
matter degeneration. Correlation analyses revealed significant associations
between ocular parameters as well as white matter integrity and cognitive
impairment.
Conclusion: Our study suggests that degenerative processes in PD extend
beyond the central nervous system to involve the eye, with significant retinal
neurodegeneration and increased axonal damage compared to healthy controls.
Comprehensive assessments combining ocular, neurological, and radiological
parameters could improve the understanding and management of PD.
Keywords: Parkinson’s  Disease;  Cognition;  Neurodegeneration;
Radiology;ophthalmology

INTRODUCTION

Parkinson’s disease (PD) is a progressive

neurodegenerative disorder characterized by
prominent motor symptoms, including bradykinesia,
resting tremor, and rigidity, as well as nonmotor
symptoms such as cognitive decline, olfactory
dysfunction, anxiety, depression, and visual
impairments[1]. These manifestations are primarily
due to the degeneration of dopaminergic neurons in
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the substantia nigra (SN), with aggregation of a-
synuclein within neuronal cells [2]. PD affects over
1% of the population aged 65 and older, with
projections indicating a doubling of this figure by
2030[3]. Patients with Parkinson’s disease have a
higher risk of developing dementia than the general
population, and cognitive decline is inevitable in
many cases [4,5]. While the precise etiology of PD is
still unclear, emerging evidence suggests that
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cerebral small vessel disease may contribute to its
development with a higher incidence of cerebral
ischemic lesions [6].

Given that the retina serves as an extension of the
central nervous system, it becomes a pivotal
indicator of neurological ailments, aiding in their
diagnosis and management [7]. Research indicates
that the degeneration of dopamine neurons affects the
SN and retinal ganglion cells (RGCs) [8]. This
observation underscores the potential of ocular
assessments in predicting cognitive decline and
dementia risks in newly diagnosed PD patients.

METHODS
This case-control study was conducted in
Kafrelsheikh University Hospital during the period
from February 2022 to September 2023. The study
participants were divided into two groups: group 1
consisted of 22 patients diagnosed with PD, and
group 2 (controls) comprised 20 healthy individuals.
The study adhered to the STROBE Checklist in its
entirety [9].
Inclusion criteria encompassed patients with PD of
both sexes who met the diagnosis criteria for
idiopathic PD according to the Movement Disorder
Society (MDS) clinical diagnostic criteria for PD,
2015 [10]. Exclusion criteria involved the presence
of significant refractive errors such as high myopia,
local ocular diseases such as diabetic retinopathy,
media opacification or glaucoma as well as a history
of ocular surgery or trauma. Additionally,
individuals who refused to participate were
excluded.
All patients underwent a comprehensive assessment,
which included a detailed medical history,
neurological examination by a qualified neurologist,
and ophthalmological evaluation conducted by
experienced ophthalmologists.
PD diagnosis was established according to
established clinical as well as neuroimaging criteria
[11]. Age, sex, and PD duration were documented.
Motor assessment was meticulously carried out using
the Hoehn-Yahr scale as well as the Unified
Parkinson Disease Rating Scale part Il score
(UPDRS I1l) to evaluate disease severity [12-14].
The Montreal Cognitive Assessment (MoCA) scale
was also used to assess the patients’ cognitive status
[15,16].
Ophthalmological Evaluation and Structural
Analysis of the Retina
The ophthalmological evaluation included an
examination encompassing pupillary assessment,
anterior segment examination, and funduscopic
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examination. Evaluation of visual function included
evaluating best-corrected visual acuity (BCVA) and
Intraocular pressure using Goldmann’s applanation
tonometer (Keeler Itd.,, Windsor UK). Structural
examination of the retina was performed with a
spectral domain (SD) OCT, specifically a Cirrus
high-definition OCT system (Carl Zeiss Meditec Inc,
Dublin, California, USA). This involved three
protocols: one for macular thickness, a retinal nerve
fiber layer (RNFL) protocol, and a ganglion cell
protocol for detailed layer analysis.

Image Acquisition

In the study, MRI scans were conducted using a 3
Tesla Philips Ingenia scanner. The protocol included
a 3D T1l-weighted sequence with the following
settings: matrix size of 256 x 256, a slice thickness
of 1.2 mm, a flip angle of 12°, a repetition time (TR)
of 7.77 ms, and an echo time (TE) of 2.79 ms.
Additionally, diffusion tensor (DT) imaging utilized
a single-shot spin-echo EPI sequence with a matrix
size of 112 x 112, TR of 13000 ms, TE of 103 ms,
and an isotropic voxel size of 2.5 mm. Diffusion
gradients were encoded at b values of 0 and 1000
sec/mm2.

Moreover, this study employed DTI indices such as
fractional anisotropy (FA) and mean diffusivity
(MD). FA, a measure ranging from zero to one,
quantifies the degree of diffusion anisotropy in
tissues, with higher values indicating more intact
white matter. MD quantifies the overall water
diffusion within brain tissue, typically lower in intact
white matter, reflecting diffusion in all directions.
Data processing utilized FiberTrak DTI software,
incorporating eddy current correction to minimize
distortions and artifacts. Diffusion maps were
aligned with T1-weighted images for anatomical
reference. All data underwent manual analysis using
regions of interest (ROI) to measure FA and MD
levels in the SN, corpus callosum (CC), and
cingulum. The resultant MD and FA maps were then
generated, and representative diffusion tensor images
are displayed in Figure 1.

Ethical Considerations

Prior to participation, written consent was obtained
after providing detailed information about the
study’s objectives and procedures. Privacy and
confidentiality were strictly upheld during all phases
of the study, from data gathering to analysis. The
study received initial approval from the institutional
review board committee (IRB number [MKSU 50-5-
13]).

Statistical Analysis
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We conducted our statistical analysis by encoding,
organizing, and processing the data using IBM SPSS
Statistics for Windows, Version 28.0 (Armonk, NY:
IBM Corp). The Shapiro-Wilk test assessed data
distribution normality. We reported the median and
interquartile range (IQR) for non-parametric data and
employed the Mann-Whitney U test (Wilcoxon rank
sum test) to evaluate the differences. Dichotomous
data were summarized by frequency (count) and
percentage, and the Chi-square (32) test was applied
for categorical data comparison. We also performed
correlation analysis using Spearman’s rank
correlation coefficient. Statistical significance was
set at p < 0.05 for all tests.

RESULTS
Sociodemographic characteristics
Our study enrolled a total of 42 participants. The
baseline characteristics of the participants are
summarized in Table 1. The case and control groups
were matched by age and gender.The mean age of
cases was 63.8 (6.6) years; mean (SD) and 61.3(4.6)
years for controls. About 86.4% of cases and 65.0%
of controls were male, resulting in an overall male
predominance of 76.2% across the entire cohort (p =
0.104). The disease duration was found to have a
mean (SD) of 4.0 (1.6) years among cases, ranging
from 1.0 to 7.0 years. Furthermore, assessments of
disease severity using the UPDRS revealed a mean
(SD) total score of 65.8 (11.8) among cases,
indicating a considerable level of impairment.
Additionally, the modified scale demonstrated a
mean (SD) score of 2.2 (0.9) for cases, with scores
ranging from 1.0 to 4.0. The median MoCA score
was 16 (IQR: 11-20), Table S1. The majority of
participants scored very low in the “Abstraction”
domain, with 14 out of 22 participants (64%) scoring
0, and 7 out of 22 participants (32%) scoring 1,
indicating significant impairment in abstract thinking
abilities.
Motor Examination Scores
Regarding the evaluation of motor function using
MDS-UPDRS in patients with PD, various motor
domains were assessed, and their summary statistics
are presented in Table S2. The median scores for
motor subscores ranged from 1 to 3, reflecting
patients’ variability in motor impairment. Subscores
for tasks such as finger tapping, hand movements,
pronation-supination, toe-tapping, leg agility, arising
from a chair, and postural stability demonstrated
median scores of 3, indicating moderate impairment.
In contrast, subscores for rigidity in various body
regions and posture exhibited median scores ranging
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from 1 to 2, suggesting relatively milder impairment.
The total MDS-UPDRS score had a median score of
65, with an IQR of 14.5 (range 41 to 86).

Ocular and retinal parameters

BCVA measurements demonstrated similar values
between cases and controls for both the right (Rt) and
left (Lt) eyes, with mean values of 0.3-0.4 in both
groups (all p>0.05). Assessment of pupil reactivity
revealed no abnormalities in either eye of the
participants. Similarly, evaluations of the anterior
and posterior segments of the eye showed no
discernible abnormalities in either group. Intraocular
pressure (IOP) measurements were comparable
between cases and controls for both the right and left
eyes, with mean values ranging from 13.0 to 14
mmHg. Statistical analysis revealed no significant
difference in IOP between the two groups for either
eye (Rt IOP: F(1,40=0.06, P = 0.80; Lt IOP: F1,40)=
0.07, P =0.79), Table S3.

The total thickness of the right eye RNFL was
comparable between cases (median 106.5) and
controls (median 107.5) (P=0.58), Table S3.
However, significant differences were observed in
the superonasal (P=0.01) and inferonasal (P<0.01)
guadrants. Similarly, for the left eye, total RNFL
thickness did not significantly differ between cases
(median 112.5) and controls (median 110.5), P=0.56.
However, significant differences were noted in the
inferonasal (P=0.04) quadrant. In the left eye, the
superonasal  quadrant  demonstrated  thicker
measurements in controls (median 136.5) compared
to cases (median 128.0), with a p-value of 0.05. Nasal
and temporal quadrant thickness  showed
insignificant  differences between groups (all
p>0.05).

For the right eye, the median choroidal thickness in
the cases group was 219.5 um, whereas in controls,
it measured 288.0 um. The between-group
comparison yielded a statistically significant
difference (p < 0.01). Similarly, the median choroidal
thickness for the left eye was 220.5 um in cases and
260.5 pm in controls. This disparity also reached
statistical significance (p < 0.01), suggesting a
thinner choroid in cases than in controls in both eyes,
Table S3.

Imaging Metrics

Table S4 summarizes fractional anisotropy (FA) and
mean diffusivity (MD) across different regions of
interest, comparing cases to controls. We observed
significant differences between cases and controls
across multiple brain regions for FA measurements.
In the right cingulate, the median FA values were 0.4
in cases and 0.9 in controls, with a statistically
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significant difference. Similarly, in the left cingulate,
corpus callosum genu, corpus callosum splenium,
and bilateral SN, FA values exhibited statistically
significant differences between cases and controls, as
evidenced by their respective test statistics (p <0.01).
Regarding MD  measurements,  substantial
differences were also observed between cases and
controls in various brain regions. For instance, in the
right cingulate, the median MD values were 0.8 in
cases and 0.4 in controls (p < 0.01). Similarly,
significant differences were noted in the left
cingulate, corpus callosum genu, corpus callosum
splenium, and bilateral SN, with all test statistics
indicating statistical significance (p < 0.01).
Correlation analysis

The correlation analysis of RNFL thickness and
cognitive function is shown in Table 2. We observed
significant correlations that suggest interrelated
patterns in RNFL thickness across different
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guadrants, emphasizing potential anatomical
associations that may be relevant in clinical
evaluations involving these measurements.

Table 3 shows the correlations and corresponding p-
values between MOCA total scores and DTI metrics
in PD patients. We observed significant correlations
between MOCA total scores and MD in the corpus
callosum genu (Spearman’s rho = -0.494, p = 0.019),
indicating the relationship between cognitive
performance and white matter integrity in this region.
No other significant correlations were found between
MOCA total scores, and the other DTI metrics
assessed (all p > 0.05).

We found no significant correlation between the
RNFL thickness in both eyes and disease severity as
assessed by the UPDRS(Figures 2 and 3). Also,we
observed no significant correlation between RNFL
thickness of both eyes and disease duration (Figures
Sland S2).

Table 1: Demographic and clinical characteristics of the study participants

Cases (N=22) Control (N=22) p-value
Age (year) 0.152
Mean (SD) 63.8(6.6) 61.3 (4.6)
Range 51.0 - 75.0 50.0 - 73.0
Gender 0.104
Female 3.0 (13.6%) 7.0 (35.0%)
Male 19.0 (86.4%) 13.0 (65.0%)
Duration (year)
Mean (SD) 4.0 (1.6) -
Range 1.0-70 -
Total UPDRS -
score
Mean (SD) 65.8 (11.8) -
Range 41.0-86.0 -
Modified scale -
Mean (SD) 2.2 (0.9) -
Range 1.0-4.0 -
Elgamal, S., et al 5369 |Page


https://doi.org/10.21608/zumj.2024.312535.3521

https://doi.org/10.21608/zumj.2024.312535.3521 Volume 30, Issue 9.1, December. 2024, Supplement Issue

Table 2. Correlation Analysis of Retinal Nerve Fiber Layer Thickness and Cognitive Function in Parkinson’s
Disease Patients
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MOCA: | r

Total p-value

Rt r 0.231 —

Total p-value | 0.301 —

RNFL

thickne

ss

Rt r -0.054 | 0366 | —

Supero | p-value | 0.811 0.094 | —

nasal

Rt r 0.083 0.384 | 0598 | —

Inferon | p-value | 0.715 0.078 | 0.003 | —

asal

Rt r 0.004 0.27 0.467 [0336 | —

Nasal p-value | 0.987 0.223 | 0.028 | 0.126 | —

Rt r 0.267 0.023 | 0.111 | 0.485 | 0.066 —

Tempor | p-value | 0.23 0.92 0.623 | 0.022 | 0.77 —

al

Lt Total | r 0.153 0.689 | 0585 |0.584 |0.116 0.102 | —

RNFL | p-value | 0.497 <.001 | 0.004 | 0.004 | 0.607 0.653 | —

thickne

ss

Lt r -0.11 0.176 | 0.733 | 0.592 | 0.502 0.042 | 0.457 —

Supero | p-value | 0.626 0.434 | <.001 | 0.004 | 0.017 0.851 | 0.033 —

nasal

Lt r 0.048 0.299 | 0.663 |0.854 |0.22 0.464 | 0.678 0.542 —

Inferon | p-value | 0.832 0.176 | <.001 | <.001 | 0.326 0.029 | <.001 | 0.009 —

asal

Lt r 0.18 0.215 |0.462 |0.638 | 0.584 0.356 | 0.463 0.737 0.574 —

Nasal p-value | 0.423 0.338 | 0.03 0.001 | 0.004 0.104 | 0.03 <.001 | 0.005 —

Lt r -0.243 | -0.229 | -0.197 | 0.116 | 0.026 0.469 | 0.127 0.002 0.177 0.106

Tempor | p-value | 0.276 0.305 | 0.38 0.606 | 0.908 0.028 | 0.574 0.993 0.431 0.64
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Table 3. Correlation Analysis of Montreal Cognitive Assessment total scores and diffusion tensor imaging metrics
in Parkinson’s Disease Patients
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MOCA: Total r| —
pl —
FA Rt Cingulate r | 001 | —
p| 097 | —
FA Lt Cingulate r | 024 | 082 —
p| o028 [ <.001 | —
FA Corpus callosum genu r | 021 | 0.09 0.06 | —
p| 036 | 0.69 079 | —
FA Corpus callosum splenium | r | 0.13 | 0.38 043 | 060 | —
p | 0.57 | 0.09 0.05 | 0.00 | —
FA Rt Substantia nigra r | 0.06 | 0.12 052 | 0.03 | 0.34 —
p| 079 | 0.60 0.01 | 0.88 | 0.12 —
FA Lt Substantia nigra r | -013 | 0.21 0.45 | 0.08 | 0.08 0.77 —
p| 05 | 0.36 0.04 | 0.74 | 0.73 <.001 | —
MD Rt Cingulate r | -022|-017 |-0.17 | -0.22 | -042 | -0.31 | -0.22 | —
p| 032 | 046 0.45 | 0.33 | 0.05 0.16 034 | —
MD Lt Cingulate r|-032|-029 |-041|-040|-0.70 | -0.46 | -0.24 | 0.65 —
p| 015 | 0.19 0.06 | 0.07 | <.001 | 0.03 0.29 | <.001 | —
MD Corpus callosum genu r|-049|-023 |-033|-050|-065 |-011 | 0.15 | 0.39 0.64 | —
p| 002 | 030 0.13 | 0.02 | 0.00 0.63 0.51 | 0.08 0.00 | —
MD Corpus callosum splenium | r | -0.25 | -0.26 | -0.38 | -0.13 | -0.28 | -0.36 | -0.39 | 0.50 0.48 | 044 | —
p|026 | 024 0.08 | 055 | 0.21 0.10 0.07 | 0.02 0.03 | 0.04 | —
MD Rt Substantia nigra r | 0.11 | 0.19 0.27 | -0.14 | -0.21 | 0.07 0.19 | 0.15 0.18 | 0.30 | 0.04 | —
p| 063 | 040 0.23 | 055 | 0.34 0.75 0.39 | 0.51 0.44 | 0.18 | 0.87 | —
MD Lt Substantia nigra r | 0.04 | 0.05 -0.08 | -0.25 | -0.19 | -0.33 | -0.30 | 0.34 0.25 | 0.10 | 0.33 | 0.35 | —
p| 085 | 0.82 0.74 | 0.25 | 0.40 0.13 0.17 | 0.12 0.27 | 065 | 0.14 | 0.12 | —
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Figure 1: Diffusion Tensor Imaging (DTI) of the Brain. (A & B) FA grayscale images with ROI positioned at the

substantia nigra (A) and the cingulum (B). (C & D) MD grayscale images with ROI at the substantia nigra (C) and
the cingulum (D).
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Figure 2 displays the correlation between the right retinal nerve fiber layer (RNFL) thickness and the total UPDRS
score.
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Figure 3 displays the correlation between the left retinal nerve fiber layer (RNFL) thickness and the total UPDRS

score.
DISCUSSION
Our investigation aimed to evaluate the correlation
between different clinical parameters in individuals
with PD, RNF thickness, and white matter integrity.
Notably, Our study exhibitsa predominance of males
in both groups. Among PD patients, motor function
evaluations highlighted variability in impairment
across different domains. Despite similar visual
acuity and pupil reactivity between PD cases and
controls, our analysis revealed differences in specific
ocular measurements. While total RNFL thickness
did not significantly differ between groups, regional
variations in RNFL thickness and thinner choroidal
thickness in PD cases were observed. These findings
suggest potential ocular manifestations associated
with PD pathology. Furthermore, our imaging
metrics analysis demonstrated significant differences
in FA and MD measurements between PD cases and
controls across various brain regions. Lower FA
values and higher MD values in cases suggest
alterations in white matter integrity, implicating
neurodegenerative processes associated with PD
[17]. In addition, correlation analysis revealed
associations between disease duration, motor
impairment severity, and white matter integrity in
specific brain regions, highlighting the interplay
between clinical parameters and neurological
changes in PD progression. Our study underscores
the importance of comprehensive assessments
encompassing both ocular and neurological
parameters to better understand PD pathophysiology
and its clinical implications. These findings may
inform future research endeavors to elucidate early
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diagnostic markers and therapeutic targets for PD
management.

Current evidence concentrates on identifying early
diagnostic markers for PD through non-motor
symptoms, neuroimaging, and analysis of body
fluids, with a notable focus on retinal structural
changes. Research of PD animal models has
highlighted that retinal changes, such as swelling and
loss of RGCs, occur as early as 20 days after
induction. In contrast, characteristic pathological
changes in the brain’s SN and striatum only manifest
around 60 days post-induction [18]. These findings
suggest that retinal changes could serve as a more
significant indicator for the early detection of PD,
occurring before the onset of the disease’s typical
motor symptoms and evident brain pathology.

The phenomenon of RNFL changes in PD was
initially identified by Inzelberg et al. [19].
Subsequent studies have shown varying results, with
some confirming RNFL thinning and the loss of
RGCs [20,21]. In contrast, others found non
significant changes between PD and healthy control
despite large sample sizes [22-24]. The
accumulation of a-synuclein in PD damages specific
subgroups of retinal ganglion cells and non-
elongated cells, leading to visual disturbances in
PD[25]. The absence of elongated cells disrupts RGC
function, significantly contributing to these visual
issues. Moreover, substantial retinal thinning,
including the thinning of the RNFL, has been
reported in patients with PD, independent of drug
therapy, as confirmed by a large-sample 2021 meta-
analysis [26]. A previous study pointed out that the
inner retinal layers are predominantly affected in PD
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patients [27]; this finding contrasts with earlier
evidence, which suggested that the effects were
mainly observed in the inferior and temporal
quadrants of the retina [28]. They also found that the
thickness of the RGCs layer inversely correlates with
the disease’s duration and severity, suggesting that
GCL thickness can predict axonal damage in PD
patients [29]. These progressive changes in the
RNFL were documented to be correlated with
functional impairments and disease advancement, as
gauged by the Hoehn and Yahr (HY) scale [29]. Prior
cross-sectional studies have also identified an inverse
relationship between HY scores and measurements
of macular thickness[22, 28]. From a
pathophysiological perspective, recent evidence
suggests that as PD progresses, the ongoing loss of
dopaminergic neurons may lead to a corresponding
decrease in retinal thickness, positioning this as a
potential biomarker of neurodegeneration detectable
through OCT. This hypothesis is bolstered by several
studies that have specifically analyzed changes in
retinal thickness by quadrants in patients whose
disease duration exceeded ten years. However, the
present study found that the disease duration did not
impact changes in RNFL thickness. The average
duration of the disease among participants was less
than ten years (mean 4.0, SD 1.6), possibly
explaining the absence of correlation observed in our
findings. This aligns with other studies that have also
noted a lack of correlation but did not evaluate it with
respect to specific retinal quadrants.

From a pathophysiological standpoint, recent data
suggests that the continued loss of dopaminergic
neurons would subsequently decrease retinal
thickness as PD progresses, making this a potential
biomarker of neurodegeneration detectable through
OCT. Several studies have supported this hypothesis,
specifically analyzing retinal thickness changes by
guadrants in individuals with a disease duration
exceeding 10 years [30- 32]. However, in the present
study, it was observed that neither the duration nor
the severity of the disease exerted any influence on
changes in RNFL thickness. The absence of
correlation noted in our study aligns with findings
from previous OCT research, which found no
significant association between RNFL thickness,
total macular volume, or intraretinal layer thickness,
and either the severity or duration of the disease [33,
34]. While these studies have acknowledged this
absence of correlation, they have not examined it in
relation to specific retinal quadrants. We did not
observe such an association, which may be attributed
to the composition of our study population, primarily
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consisting of PD patients in the early stages, with an
average PD duration of <10 years (mean 4.0, SD 1.6).
Despite the wealth of information on these structural
changes, a few have explored retinal vascular
abnormalities in PD patients, indicating a gap in
research on this aspect of the disease[35]. Another
study suggests that retinal capillary densities are
significantly lower in the early PD stages,
emphasizing that retinal capillary impairments
manifest early in PD, potentially before motor
symptoms appear. However, the study found no
correlation between the duration or severity of the
disease and changes in retinal microvascular
densities or intraretinal layer thickness, possibly due
to the study’s focus on early-stage PD patients. A
long-term assessment of both functional visual
parameters and changes in RNFL and macular
thickness in PD patients highlighted significant
reductions in contrast sensitivity and color vision.
These changes are attributed to dopamine depletion
in the retinas of individuals with PD, which is
believed to be the underlying cause of the
progressive visual impairments observed in these
patients [29]. In the same study, the authors observed
a link between progressive changes in the retina and
the progression of PD. The evaluation of PD
progression in the study relied exclusively on the
Hoehn and Yahr scale. Patients with more severe
impairments, evidenced by worse HY scores and
rapid disease progression, were excluded from the
final analysis because they could not complete the
tests. This exclusion might have led to an
underestimation of the relationship between disease
severity and retinal thinning.

Regarding macular measurements, evidence has
yielded inconsistent findings; some studies report a
significant reduction in macular volume in PD
patients [21, 34,35], while others found no notable
differences between patients and controls [22, 23].
Conflicting results across studies may arise from
variables like participant selection, limited sample
sizes, or variations in the sensitivity of OCT devices.
In a 5-year longitudinal study, no significant
differences in macular thickness were initially
detected between PD patients and controls[36]..
However, a notable progressive thinning in the
macular region was observed in PD subjects over the
study period. This progression suggests continuous
retinal changes in PD patients, indicating a gradual
degenerative process even in the absence of initial
disparities.

FA is a key metric used in DTI to assess the integrity
of white matter tracts in the brain. Research has
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explored FA differences between PD patients and
healthy individuals. A study identified significant
reductions in FA in various brain regions of
individuals with PD and mild cognitive impairment
rather than cognitively normal individuals with PD,
as well as healthy controls. This suggests that FA
might be a viable biomarker for detecting early
cognitive decline in PD[37]. Zhang et al.
demonstrated that individuals with PD exhibit
reduced FA values in the cerebellar white matter and
orbitofrontal cortex, which correlated with olfactory
dysfunction. This highlights the potential of FA in
identifying specific brain regions affected by PD and
linking these changes to clinical symptoms [38].
Similarly, Aquino et al. reported that FA values in
the SN were significantly lower in advanced stages
of PD compared to early stages and controls,
indicating that FA measurements can reflect disease
progression [39]. However, the stability and
reliability of FA as a biomarker are still under
scrutiny. Schwarz et al. found inconsistent results in
FA measurements across different studies,
guestioning its utility as a standalone diagnostic tool
for PD [40]. Their meta-analysis revealed significant
variability, suggesting that additional diffusion
measures might be necessary to improve diagnostic
accuracy.

MD measures the average rate of water diffusion
within tissue and provides insights into tissue density
and integrity. Elevated MD values typically indicate
tissue damage or loss of structural integrity. A study
reported significant increases in MD in PD patients
with mild cognitive impairment compared to healthy
controls, suggesting that MD could help identify
early neurodegenerative PD changes [36]. Aquino et
al. observed increased MD values in the SN of PD
patients, which correlated with disease severity. This
supports the use of MD as a marker for tracking the
progression of PD and assessing the extent of neural
damage in specific brain regions [39]. Additionally,
Lenfeldt et al. (2017) found that MD values in the
striatum negatively correlated with dopamine
transporter (DAT) uptake, indicating that increased
MD may reflect dopaminergic degeneration in PD
[41]. Bergamino et al. highlighted the presence of
widespread microstructural damage in the frontal and
parietal white matter of early-stage PD patients,
evidenced by increased MD values[42]. These
findings suggest that MD could be useful in detecting
early changes in white matter integrity even before
significant clinical symptoms manifest. Based on
this, both FA and MD are valuable metrics in DTI
studies of PD, offering insights into the structural
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changes associated with the disease. While FA
reductions highlight regions of impaired white matter
integrity, increased MD values indicate tissue
damage and degeneration. Together, these measures
provide a comprehensive picture of the
microstructural alterations in PD, although their
variability suggests a need for complementary
imaging techniques to enhance diagnostic precision.
Our study had some limitations, notably including
both eyes of each participant in the analysis. This
approach can be contentious as it might mask subtle
symmetrical changes in the eyes, introducing a
degree of dependency in the measurements.
However, research suggests that retinal involvement
in PD patients can be asymmetrical [43], supporting
the inclusion of both eyes in analyses. Additionally,
using data from both eyes typically carries minimal
risk, even if there is no correlation between the eyes.
Another limitation not addressed in our study is the
inability to use comprehensive color assessments,
which are essential for a detailed evaluation of color
vision changes in patients with PD. We recommend
the utilization of OCT-angiography in future studies
as a non-invasive method for excluding optic disc
ischemic pathology. Additionally, we suggest
employing corneal thickness measurement via
pachymetry to exclude patients with normotensive or
hypotensive glaucoma, as those with thin corneas
may exhibit falsely normal intraocular pressure
readings when assessed with an applanation
tonometer.

Conclusion: Our study suggests that the
degenerative processes in patients with PD extend
beyond the central nervous system to involve the eye.
Compared with healthy controls, those patients
experience significant retinal neurodegeneration,
evidenced by increased axonal damage. Assessing
this damage by measuring the thickness of the RNFL
and RGCs via OCT has proven to be a pivotal
method.

Conflict of interest: None

Financial disclosure: None

REFERENCES

1. Tolosa E, Garrido A, Scholz SW, Poewe W.
Challenges in the diagnosis of Parkinson’s disease.
Lancet Neurol. 2021 May;20(5):385-397. doi:
10.1016/S1474-4422(21)00030-2. PMID:
33894193; PMCID: PMC8185633.

2. Ramesh S, Arachchige ASPM. Depletion of
dopamine in Parkinson’s disease and relevant
therapeutic options: A review of the literature.
AIMS Neurosci. 2023 Aug 14;10(3):200-231. doi:

5375 | Page


https://doi.org/10.21608/zumj.2024.312535.3521

https://doi.org/10.21608/zumj.2024.312535.3521

10.3934/Neuroscience.2023017. PMID:
37841347; PMCID: PMC10567584.

3. Bloem BR, Okun MS, Klein C. Parkinson’s
disease. Lancet. 2021 Jun 12;397(10291):2284-
2303. doi: 10.1016/S0140-6736(21)00218-X. Epub
2021 Apr 10. PMID: 33848468.

4. Aarsland D, Batzu L, Halliday GM, Geurtsen GJ,
Ballard C, Ray Chaudhuri K, Weintraub D.
Parkinson disease-associated cognitive
impairment. Nat Rev Dis Primers. 2021 Jul
1;7(1):47. doi: 10.1038/s41572-021-00280-3.
Erratum in: Nat Rev Dis Primers. 2021 Jul
13;7(1):53. doi: 10.1038/s41572-021-00292-z.
PMID: 34210995.

5. Gonzalez-Latapi P, Bayram E, Litvan I, Marras C.
Cognitive Impairment in Parkinson’s Disease:
Epidemiology, Clinical Profile, Protective and Risk
Factors. Behav Sci (Basel). 2021 May 13;11(5):74.
doi: 10.3390/bs11050074. PMID: 34068064,
PMCID: PMC8152515.

6. Song IU, Lee JE, Kwon DY, Park JH, Ma HI.
Parkinson’s disease might increase the risk of
cerebral ischemic lesions. Int J Med Sci. 2017 Mar
11;14(4):319-322.  doi:  10.7150/ijms.18025.
PMID: 28553163; PMCID: PMC5436473.

7. Yap TE, Balendra SI, Almonte MT, Cordeiro MF.

Retinal correlates of neurological
disorders. Therapeutic Advances in Chronic
Disease. 2019;10.

doi:10.1177/2040622319882205

8. Minakaran N, de Carvalho ER, Petzold A, Wong
SH. Optical coherence tomography (OCT) in
neuro-ophthalmology. Eye  (Lond). 2021
Jan;35(1):17-32. doi: 10.1038/s41433-020-01288-
X. Epub 2020 Nov 25. PMID: 33239763; PMCID:
PMC7852683.

9.von Elm E, Altman DG, Egger M, Pocock SJ,
Gotzsche PC, Vandenbroucke JP; STROBE
Initiative. ~ Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational
studies. BMJ. 2007 Oct 20;335(7624):806-8. doi:
10.1136/bm;j.39335.541782.AD. PMID:
17947786; PMCID: PMC2034723.

10. Postuma RB, Berg D, Stern M, Poewe W,
Olanow CW, Oertel Wet al. MDS clinical
diagnostic criteria for Parkinson’s disease. Mov
Disord. 2015  Oct;30(12):1591-601.  doi:
10.1002/mds.26424. PMID: 26474316.

11.Gelb DJ, Oliver E, Gilman S. Diagnostic criteria
for Parkinson disease. Arch Neurol. 1999
Jan;56(1):33-9. doi: 10.1001/archneur.56.1.33.
PMID: 9923759.

Elgamal, S., et al

Volume 30, Issue 9.1, December. 2024, Supplement Issue

12.Hoehn MM, Yahr MD. Parkinsonism: onset,
progression and mortality. Neurology. 1967
May;17(5):427-42. doi: 10.1212/wnl.17.5.427.
PMID: 6067254.

13. Goetz CG, Poewe W, Rascol O, Sampaio C,
Stebbins GT, Counsell C et al. Movement Disorder
Society Task Force on Rating Scales for
Parkinson’s Disease. Movement Disorder Society
Task Force report on the Hoehn and Yahr staging
scale: status and recommendations. Mov Disord.
2004 Sep;19(9):1020-8. doi: 10.1002/mds.20213.
PMID: 15372591.

14. Ramaker C, Marinus J, Stiggelbout AM, Van
Hilten BJ. Systematic evaluation of rating scales
for impairment and disability in Parkinson’s
disease. Mov Disord. 2002 Sep;17(5):867-76. doi:
10.1002/mds.10248. PMID: 12360535.

15. Nasreddine ZS, Phillips NA, Bédirian V,
Charbonneau S, Whitehead V, Collin | et al.The
Montreal Cognitive Assessment, MoCA: a brief
screening tool for mild cognitive impairment. J Am
Geriatr  Soc. 2005 Apr;53(4):695-9. doi:
10.1111/j.1532-5415.2005.53221.x. Erratum in: J
Am Geriatr Soc. 2019 Sep;67(9):1991. doi:
10.1111/jgs.15925. PMID: 15817019.

16.Rahman TT, El Gaafary MM. Montreal Cognitive
Assessment Arabic version: reliability and validity
prevalence of mild cognitive impairment among
elderly attending geriatric clubs in Cairo. Geriatr
Gerontol Int. 2009 Mar;9(1):54-61. doi:
10.1111/j.1447-0594.2008.00509.x. PMID:
19260980.
17.Bergamino M, Keeling EG, Mishra VR, Stokes
AM, Walsh RR. Assessing White Matter Pathology
in Early-Stage Parkinson Disease Using Diffusion
MRI: A Systematic Review. Front Neurol. 2020
May 14;11:314. doi: 10.3389/fneur.2020.00314.
PMID: 32477235; PMCID: PMC7240075.

18.Normando EM, Davis BM, De Groef L, Nizari S,
Turner LA, Ravindran N etal. The retina as an early
biomarker of neurodegeneration in a rotenone-
induced model of Parkinson’s disease: evidence for
a neuroprotective effect of rosiglitazone in the eye
and brain. Acta Neuropathol Commun. 2016 Aug
18;4(1):86. doi: 10.1186/s40478-016-0346-z.
PMID: 27535749; PMCID: PMC4989531.

19.Inzelberg R, Ramirez JA, Nisipeanu P, Ophir A.
Retinal nerve fiber layer thinning in Parkinson
disease. Vision Res. 2004 Nov;44(24):2793-7. doi:
10.1016/j.visres.2004.06.009. PMID: 15342223

20. Moschos, Marilita M., and Irini P. Chatziralli.
Evaluation of Choroidal and Retinal Thickness
Changes in Parkinson’s Disease Using Spectral

5376 |Page


https://doi.org/10.21608/zumj.2024.312535.3521
https://doi.org/10.1177/2040622319882205

https://doi.org/10.21608/zumj.2024.312535.3521

Domain Optical Coherence Tomography. Seminars
in Ophthalmology.2018 ;33: 494-497.
https://doi.org/10.1080/08820538.2017.1307423.

21. Elanwar R, Al Masry H, Ibrahim A, Hussein M,
Ibrahim S, Masoud MM. Retinal functional and
structural changes in patients with Parkinson’s
disease. BMC Neurol. 2023 Sep 18;23(1):330. doi:
10.1186/512883-023-03373-6. PMID: 37723424,
PMCID: PMC10506234.

22. Bittersohl D, Stemplewitz B, Keseri M,
Buhmann C, Richard G, Hassenstein A. Detection
of retinal changes in idiopathic Parkinson’s disease
using  high-resolution  optical  coherence
tomography and heidelberg retina tomography.
Acta Ophthalmol. 2015 Nov;93(7):e578-84. doi:
10.1111/a0s.12757. Epub 2015 Jun 10. PMID:
26267660.

23. Chorostecki J, Seraji-Bozorgzad N, Shah A, Bao
F, Bao G, George E et al. Characterization of retinal
architecture in Parkinson’s disease. J Neurol Sci.
2015 Aug 15;355(1-2):44-8. doi:
10.1016/j.jns.2015.05.007. Epub 2015 May 12.
PMID: 26071887.

24. Mailankody P, Battu R, Khanna A, Lenka A,
Yadav R, Pal PK. Optical coherence tomography as
a tool to evaluate retinal changes in Parkinson’s
disease. Parkinsonism Relat Disord. 2015
Oct;21(10):1164-9. doi:
10.1016/j.parkreldis.2015.08.002. Epub 2015 Aug
10. PMID: 26297381.

25. La Morgia C, Di Vito L, Carelli V, Carbonelli M.
Patterns of Retinal Ganglion Cell Damage in
Neurodegenerative Disorders: Parvocellular vs
Magnocellular Degeneration in Optical Coherence
Tomography Studies. Front Neurol. 2017 Dec
22;8:710. doi: 10.3389/fneur.2017.00710. PMID:
29312131; PMCID: PMC5744067.

26.Huang L, Zhang D, Ji J, Wang Y, Zhang R.
Central retina changes in Parkinson’s disease: a
systematic review and meta-analysis. J Neurol.
2021 Dec;268(12):4646-4654. doi:
10.1007/s00415-020-10304-9. Epub 2020 Nov 10.
PMID: 33174132.
27.Garcia-Martin E, Larrosa JM, Polo V, Satue M,
Marques ML, Alarcia R et al. Distribution of retinal
layer atrophy in patients with Parkinson disease and
association with disease severity and duration. Am
J Ophthalmol. 2014 Feb;157(2):470-478.e2. doi:
10.1016/j.aj0.2013.09.028. Epub 2013 Oct 2.
PMID: 24315296.

28.Satue M, Seral M, Otin S, Alarcia R, Herrero R,
Bambo MP et al. Retinal thinning and correlation
with functional disability in patients with

Elgamal, S., et al

Volume 30, Issue 9.1, December. 2024, Supplement Issue

Parkinson’s disease. Br J Ophthalmol. 2014
Mar;98(3):350-5. doi:  10.1136/bjophthalmol-
2013-304152. Epub 2013 Nov 25. PMID:
24276697

29. Satue M, Rodrigo MJ, Obis J, Vilades E, Gracia
H, Otin S, et al. Evaluation of Progressive Visual
Dysfunction and Retinal Degeneration in Patients
With Parkinson’s Disease. Invest Ophthalmol Vis
Sci. 2017 Feb  1;58(2):1151-1157. doi:
10.1167/iovs.16-20460. PMID: 28208185.

30.El-Kattan M.M., Esmat S.M., Esmail E.H.,Deraz
H.A ;lsmail R.S. Optical coherence tomography in
patients with Parkinson’s disease. Egypt J Neurol
Psychiatry Neurosurg .2022; 58 21,
https://doi.org/10.1186/s41983-021-00421-1

31.Wang X, Jiao B, Jia X, Wang Y, Liu H, Zhu X et
al. The macular inner plexiform layer thickness as
an early diagnostic indicator for Parkinson’s
disease. NPJ Parkinsons Dis. 2022 May 25;8(1):63.
doi: 10.1038/s41531-022-00325-8. PMID:
35614125; PMCID: PMC9132921.

32.Leng Y, Ackley SF, Glymour MM, Yaffe K,
Brenowitz WD. Genetic Risk of Alzheimer’s
Disease and Sleep Duration in Non-Demented
Elders. Ann Neurol. 2021 Jan;89(1):177-181. doi:
10.1002/ana.25910. Epub 2020 Oct 5. PMID:
32951248; PMCID: PMC8048405.

33. Aydin, T.S., Umit, D., Nur, O.M., Fatih, U.,
Asena, K., Nefise, O.Yet al. Optical coherence
tomography findings in Parkinson’s disease. The
Kaohsiung Journal of Medical Sciences. 2018 ; 34:
166-
171. https://doi.org/10.1016/j.kjms.2017.11.006

34.Sari ES, Koc R, Yazici A, Sahin G, Ermis SS.
Ganglion cell-inner plexiform layer thickness in
patients with Parkinson disease and association
with  disease  severity and duration. J
Neuroophthalmol. 2015 Jun;35(2):117-21. doi:
10.1097/WNO.0000000000000203. PMID:
25485861.

35. Kromer R, Buhmann C, Hidding U, Keserii M,
Keserli D, Hassenstein A et al. Evaluation of
Retinal Vessel Morphology in Patients with
Parkinson’s Disease Using Optical Coherence
Tomography. PLoS  One. 2016  Aug
15;11(8):e0161136. doi:
10.1371/journal.pone.0161136. PMID: 27525728;
PMCID: PMC4985161.

36. Kwapong WR, Ye H, Peng C, Zhuang X, Wang
J, Shen M et al. Retinal Microvascular Impairment
in the Early Stages of Parkinson’s Disease. Invest
Ophthalmol Vis Sci. 2018 Aug 1;59(10):4115-
4122. doi: 10.1167/iovs.17-23230. PMID:

5377 |Page



https://doi.org/10.21608/zumj.2024.312535.3521
https://doi.org/10.1016/j.kjms.2017.11.006

https://doi.org/10.21608/zumj.2024.312535.3521

30098201.

37. Kamagata K, Andica C, Kato A, Saito Y, Uchida
W, Hatano T et al., Diffusion Magnetic Resonance
Imaging-Based Biomarkers for Neurodegenerative
Diseases. Int J Mol Sci. 2021 May 14;22(10):5216.
doi: 10.3390/ijms22105216. PMID: 34069159;
PMCID: PMC8155849.

38.Zhang K, Yu C, Zhang Y, Wu X, Zhu C, Chan P
et al.Voxel-based analysis of diffusion tensor
indices in the brain in patients with Parkinson’s
disease. Eur J Radiol. 2011 Feb;77(2):269-73. doi:
10.1016/j.ejrad.2009.07.032. Epub 2009 Aug 18.
PMID: 19692193.

39. Aquino D, Contarino V, Albanese A, Minati L,
Farina L, Grisoli M et al. Substantia nigra in
Parkinson’s  disease: a multimodal MRI
comparison between early and advanced stages of
the disease. Neurol Sci. 2014 May;35(5):753-8.
doi: 10.1007/s10072-013-1595-2. Epub 2013 Dec
11. Erratum in: Neurol Sci. 2014 May;35(5):759.

Elia, Antonio [corrected to Elia, Antonio
Emanuele]; Romito, Luigi [added]. PMID:
24337946.

40. Schwarz ST, Abaei M, Gontu V, Morgan PS,
Bajaj N, Auer DP. Diffusion tensor imaging of

Elgamal, S., et al

Volume 30, Issue 9.1, December. 2024, Supplement Issue

nigral degeneration in Parkinson’s disease: A
region-of-interest and voxel-based study at 3 T and
systematic review with meta-analysis. Neuroimage
Clin. 2013 Oct 14;3:481-8. doi:
10.1016/j.nicl.2013.10.006. PMID: 24273730;
PMCID: PMC3830065.

41.Lenfeldt N, Eriksson J, Astréom B, Forsgren L,
Mo SJ. Fractional Anisotropy and Mean Diffusion
as Measures of Dopaminergic Function in
Parkinson’s Disease: Challenging Results. J
Parkinsons  Dis.  2017;7(1):129-142.  doi:
10.3233/JPD-161011. PMID: 28106567.

42.Bergamino M, Keeling EG, Mishra VR, Stokes
AM, Walsh RR. Assessing White Matter Pathology
in Early-Stage Parkinson Disease Using Diffusion
MRI: A Systematic Review. Front Neurol. 2020
May 14;11:314. doi: 10.3389/fneur.2020.00314.
PMID: 32477235; PMCID: PMC7240075.

43.Shrier EM, Adam CR, Spund B, Glazman S,
Bodis-Wollner 1. Interocular asymmetry of foveal
thickness in Parkinson disease. J Ophthalmol.
2012;2012:728457. doi: 10.1155/2012/728457.
Epub 2012 Aug 1. PMID: 22900149; PMCID:
PMC3415246.

5378 |Page


https://doi.org/10.21608/zumj.2024.312535.3521

https://doi.org/10.21608/zumj.2024.312535.3521 Volume 30, Issue 9.1, December. 2024, Supplement Issue

SUPPLEMENTARY DATA

Table S1: Motor Examination Scores in Patients with Parkinson’s Disease

MDS-UPDRS motor N | Mean | SE Lower Upper Median | SD IQOR
95% ClI 95% ClI

Speech 221168 |0.102 | 1.47 1.89 2 0477 |1
Facial expression 22 |1 255 ]0.109 | 2.319 2.77 3 0.51 1
Rigidity, neck 22 1159 |0.157 | 1.265 1.92 2 0.734 | 0.75
Rigidity, right upper extremity |22 |2.09 |0.13 |1.82 2.36 2 0.61 0
Rigidity, left upper extremity 221191 ]0.13 |1.639 2.18 2 0.61 0
Rigidity, right lower extremity |22 |1.45 |0.171|1.1 1.81 1 0.8 1
Rigidity, left lower extremity 22 1136 | 0.192 | 0.964 1.76 1 0.902 |1
Finger tapping—right hand 22 | 2.82 | 0.125 | 2.557 3.08 3 0.588 | 0.75
Finger tapping—Ileft hand 22 1 25 0.143 | 2.202 2.8 25 0.673 |1
Hand movements—right hand | 22 | 2.82 | 0.125 | 2.557 3.08 3 0.588 | 0.75
Hand movements—Ieft hand 22 | 25 0.143 | 2.202 2.8 2.5 0.673 |1
Pronation-supination—right 221282 |0.125 | 2.557 3.08 3 0.588 | 0.75
hand

Pronation-supination—Ileft 22|25 0.143 | 2.202 2.8 2.5 0673 |1
hand

Toe-tapping—right foot 22 | 2.82 |0.125 | 2.557 3.08 3 0.588 | 0.75
Toe-tapping—Ileft foot 22 1 25 0.143 | 2.202 2.8 2.5 0673 |1
Leg agility—right leg 221282 |0.125 | 2,557 3.08 3 0.588 | 0.75
Leg agility—left leg 22|25 0.143 | 2.202 2.8 2.5 0.673 |1
Arising from chair 221291 |0.16 | 2576 3.24 3 0.75 1
Gait 22 1236 |0.124 | 2.106 2.62 2 0581 |1
Freezing of gait 22 1214 ]0.151 | 1.821 2.45 2 0.71 1
Postural stability 221223 ]0.146 | 1.923 2.53 2 0.685 |1
Posture 22 | 1.55 0.109 | 1.319 1.77 2 0.51 1
Body bradykinesia 221218 |0.142|1.887 2.48 2 0.664 |1
Postural tremor—right hand 22 12.82 |0.125 | 2.557 3.08 3 0.588 | 0.75
Postural tremor—Ileft hand 22|25 0.143 | 2.202 2.8 2.5 0.673 |1
Kinetic tremor—right hand 221282 ]0.125 | 2.557 3.08 3 0.588 | 0.75
Kinetic tremor—Ileft hand 22|25 0.143 | 2.202 2.8 2.5 0.673 |1
Constancy of rest tremor 221255 ]0.109 | 2.319 2.77 3 0.51 1
Total UPDRS score 22 | 65.77 | 2.523 | 60.527 71.02 65 11.832 | 145

Table S2: Montreal Cognitive Assessment Scores in Participants with Parkinson’s Disease

Montreal Cognitive Assessment (MoCA) N =22
Visuospatial/Executive
0 3 (14%)
1 9 (41%)
2 6 (27%)
3 2 (9.1%)
4 1 (4.5%)
5 1 (4.5%)
Naming
1 5 (23%)
2 2 (9.1%)
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Montreal Cognitive Assessment (MoCA) N =22
3 15 (68%)
Attention
1 2 (9.1%)
2 5 (23%)
4 5 (23%)
5 5 (23%)
6 5 (23%)
Language
0 2 (9.1%)
1 10 (45%)
2 5 (23%)
3 5 (23%)
Abstraction
0 14 (64%)
1 7 (32%)
2 1 (4.5%)
Delayed Recall
0 9 (41%)
1 4 (18%)
2 3 (14%)
3 4 (18%)
4 2 (9.1%)
Orientation
3 3 (14%)
4 3 (14%)
5 7 (32%)
6 9 (41%)
Total 16 (11, 20)
n (%); Median (IQR)

Table S3: Ocular parameters and visual function among the study participants

N | Cases Control Test Statistic
(N=22) (N=20)
Right Eye
Best-corrected visual acuity (BCVA) 42 1030404 0.30404 F1.40=0.00, P=0.97*
Intraocular pressure (I0OP) 42 113.014.014.1 13.014.014.0 F1.40=0.06, P=0.80*
Total RNFL thickness 42 | 101.8106.5115.3 | 99.2107.5112.6 | F14=0.32, P=0.58*
Superonasal 42 1 108.0126.5154.0 | 136.5147.0 160.7 | F14=8.73, P=0.01*
Inferonasal 42 | 128.9137.0 140.8 | 102.4 114.0 131.2 | F140=21.01, P<0.01*
Nasal 42 | 74.089.0 97.2 66.4 83.590.8 F140=3.29, P=0.08*
Temporal 42 | 66.0 78.0 84.0 73.277.585.6 F140=1.27, P=0.27*
Choroidal thickness 42 | 187.6 219.5268.8 | 258.8 288.0 310.3 | F14=10.64, P<0.01*
Left Eye
Best-corrected visual acuity (BCVA) 42 1030404 030404 F1.40=0.00, P=0.97*
Intraocular pressure (I0P) 42 | 13.014.014.0 13.014.0 14.0 F1,40=0.07, P=0.79*
Total RNFL thickness 42 | 99.7 112.5117.3 101.1110.5 112.0 | F140=0.35, P=0.56*
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Superonasal 42 | 109.8 128.0 150.4 | 122.2 136.5 162.8 | F1,40=3.93, P=0.05*
Inferonasal 42 | 123.0131.0152.7 | 113.4128.5131.0 | F140=4.48, P=0.04*
Nasal 42 | 70.579.595.2 77.484597.0 F140=2.62, P=0.11*
Temporal 42 | 65.8 75.0 82.3 66.0 69.0 74.6 F140=0.48, P=0.49*
Choroidal thickness 42 | 189.8220.5262.3 | 236.2 260.5319.6 | F14=8.91, P<0.01*

RNFL retinal nerve fiber layer, N is the number of non-missing values. *Wilcoxon rank-sum test.

Table S4: Imaging Metrics in Specific Brain Regions of Patients with Parkinson’s Disease

N Cases Control Test Statistic
(N=22) (N=20)
Fractional anisotropy (FA)

Rt Cingulate 341 040404 0.80.91.0 F13.=70.54, P<0.01*
Lt Cingulate 341 040404 0.70.80.8 F13.=71.66, P<0.01*
Corpus callosum, genu 341 0.70.70.7 0.80.90.9 F13,=53.77, P<0.01*
Corpus callosum, splenium 341 0.70.70.8 0.80.91.0 F13,=21.56, P<0.01*
Rt Substantia nigra 341 05050.6 040404 F13.=69.21, P<0.01*
Lt Substantia nigra 321 050.60.6 040404 F130=36.17, P<0.01*

Mean diffusivity (MD)
Rt Cingulate 34 |1 0.80.80.9 0.30.40.6 F13,=70.57, P<0.01*
Lt Cingulate 34 |1 0.80.80.9 0.40.50.6 F13,=70.30, P<0.01*
Corpus callosum, genu 34 | 0.80.80.9 040404 F13,=30.18, P<0.01*
Corpus callosum, splenium 34 | 0.70.80.9 040404 F13,=74.45, P<0.01*
Rt Substantia nigra 34 |1 080909 0.80.80.8 F13,=72.35, P<0.01*
Lt Substantia nigra 34 |1 0.80.80.9 0.80.80.8 F13,=20.86, P<0.01*

N is the number of non-missing values. *Wilcoxon rank-sum test.
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Figure S1 displays the correlation between the right retinal nerve fiber layer (RNFL) thickness and the duration

of the disease.
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Figure S2 displays the correlation between the left retinal nerve fiber layer (RNFL) thickness and the duration
of the disease.
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