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Corneal confocal microscopy
differentiates patients with secondary
parkinsonism from idiopathic Parkinson’s

disease
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Parkinson’s disease (PD) is characterized by progressive degeneration of dopaminergic neurons in the
substantia nigra, while secondary parkinsonism (SP) may be due to drugs, vascular, infectious,
inflammatory, or even paraneoplastic etiologies. There is currently no biomarker that accurately
distinguishes SP from PD. Corneal confocal microscopy (CCM) identifies corneal nerve loss which is
associated with motor, cognitive and autonomic dysfunction in PD patients. This study enrolled participants
with PD (n = 45) and SP (n = 25). A subset of patients underwent L-6-"3F-fluoro-3,4-dinydroxyphenylalanine
("®F-DOPA) positron emission tomography (PET) scan which showed bilateral decreased dopamine uptake
in the putamen and caudate of patients with PD, but not in those with SP. Corneal nerve fiber density (CNFD)
(P < 0.001) was lower and corneal nerve branch density (CNBD) (P = 0.007) was higher in the PD group
compared to the SP group. The receiver operating characteristic (ROC) analysis revealed that combined
CNFD and CNBD showed excellent discrimination between SP and PD, with an area under the curve (AUC)
of 0.924. CCM may have clinical utility in differentiating patients with SP from PD.

Parkinson’s disease (PD) is characterized by progressive neurodegeneration
of dopaminergic neurons in the substantia nigra and altered dopaminergic
transmission leading to tremor, rigidity, bradykinesia and non-motor
symptoms and signs'. Molecular imaging techniques, such as L-6-'"F-
fluoro-3,4-dihydroxyphenylalanine (**F-DOPA) positron emission tomo-
graphy (PET), which target dopamine synthesis capacity in substantia nigra
neurons have been instrumental in visualizing deficits in dopaminergic
transmission to aid in the diagnosis of PD”. Patients with secondary par-
kinsonism (SP) have similar neurological manifestations to PD, due to
cerebrovascular disease, certain drugs, infection, inflammation, and auto-
immune abnormalities, without primary impairment of the nigrostriatal
pathway ™. Distinguishing PD from SP is crucial to determine appropriate
management and prognostication. Apart from '*F-DOPA PET, which is not
widely available, there is currently no validated biomarker that accurately
distinguishes SP from PD.

PD is a multisystem disease and studies have found peripheral nerve
abnormalities’ in large-medium (Aa/p) and small (A8 and C) nerve fibers in
PD’*. Large fiber dysfunction has been attributed to levodopa therapy, while
small fiber damage is thought to be intrinsic to the neurodegenerative
process in PD*’. Using corneal confocal microscopy (CCM), an in vivo
ophthalmic imaging technique, we and others have demonstrated corneal
nerve loss which was associated with the severity of motor'’, cognitive and
autonomic'*"* dysfunction. Moreover, CCM has also been shown to dif-
ferentiate different motor subtypes of PD". In the present study, we utilized
CCM to evaluate corneal nerve fiber damage in participants with SP and PD.

Results

Clinical and demographic profiles

A total of 53 PD patients were evaluated of whom 45 were included in this
study. Among the 8 patients excluded, five had impaired glucose tolerance,
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two were multiple system atrophy (MSA) and one with corneal disease. The
age of the PD group (62% male) was 62.58 + 7.75 years with a disease duration
of4 (2.5, 6.5) years. The average Hoehn and Yahr (H-Y) stage was 3 (2.0, 3.5).

For 32 patients with SP enrolled, 25 (11 drug-induced parkinsonism
and 14 vascular parkinsonism) were finally included. Two post-encephalitic
parkinsonism, 2 anti-NMDA-receptor encephalitis, 2 patients with normal
pressure hydrocephalus, and 1 neurosyphilis were excluded. The age of the
SP group (56% male) was 64.00 + 7.23 years with a disease duration of 3 (2,
5.5) years. The average H-Y stage was 3 (1, 3).

In the healthy control group (n = 30), 53% were male, with an age of
62.43 £ 6.16 years.

For the 11 drug-induced parkinsonism, the most common
offending drugs were reserpine (n =4, mean 18 (6 ~ 52) months), fol-
lowed by haloperidol (n =2, 10 and 36 months), flunarizine (n =2, 24
and 46 months) and one each of risperidone (34 months), olanzapine
(36 months) and citalopram (62 months). After discontinuation of the
offending drugs, the majority of patients exhibited improvement in
symptoms within 6 months. However, one patient’s clinical profile
remained unchanged following drug discontinuation, and she respon-
ded moderately to levodopa administration.

The 14 patients with vascular parkinsonism had an insidious onset
of symptoms with a heterogenous presentation, including lower body
parkinsonism (n =9), shuffling gait (n=5), asymmetric parkinsonism
(n=2), and freezing of gait (n = 2). Approximately half of the patients
also showed wide-based gait, stooped posture, urinary incontinence,
bulbar paralysis, pyramidal sign, and cognitive impairment. Tremor was
relatively uncommon (n =4). The responses to levodopa were poor
(n=3), moderate (n=4), or transient (n=3) with 4 showing a satis-
factory response.

Brain magnetic resonance imagining (MRI) showed bilateral deep
white matter lesions and periventricular white matter lesions in all patients.
There was an enlargement of ventricles in two patients but the clinical
profiles were not consistent with normal pressure hydrocephalus.

The part one of the Movement Disorders Society Unified Parkinson’s
Disease Rating Scale (MDS-UPDRS-I) (t=2.475, P=0.013) and the scale
for outcomes in Parkinson’s disease for autonomic symptoms (SCOPA-
AUT) (t=3.320, P=0.001) were lower, while the olfactory test score was
higher (¢ =6.542, P<0.001) in the SP group compared to the PD group
(Table 1). There were no significant differences in age, sex, disease duration,

H-Y scores, MDS UPDRS-II scores, MDS UPDRS-III scores, and Montreal
cognitive assessment (MoCA) between the two groups (Table 1).

Presynaptic dopaminergic dysfunction

"*F-fluorodeoxyglucose (**F-FDG) and "*F-DOPA PET was performed in
10/30 controls, 25/45 participants with PD and 15/25 participants with SP (6
drug-induced parkinsonism and 9 vascular parkinsonism). In PD patients,
visual assessment of the *F-DOPA PET scan showed bilateral decreased
dopamine uptake in the putamen and caudate which was more severe on the
side contralateral to the clinically more affected side, in the posterior rather
than anterior putamen, and was more severe in the putamen than the
caudate. There was no evidence of decreased dopamine uptake in the
putamen and caudate in participants with SP and controls. The repre-
sentative brain MR, "*F-FDG and corresponding "*F-DOPA PET image in
each group are illustrated in Fig. 1.

Quantitative analysis of the "F-DOPA PET signal was performed.
Decreased striatal "*F-FDOPA uptake observed in patients with PD has been
found to be most pronounced in the putamen compared to other striatal
subregions like the caudate nucleus and ventral striatum", thus the putamen
was used as the ROI for the analysis. The putamen striatum to occipital lobe
uptake ratio (SOR) was significantly lower in patients with PD compared to
controls (2.22+0.55 vs 4.28+0.26, P<0.001) and patients with SP
(2.22 £0.55vs3.97 + 0.44, P < 0.001), with no difference between the SP and
control group.

CCM between PD and SP

Corneal nerve fiber density (CNFD) (no./mm’) was significantly lower in
the PD group compared to controls (24.88 + 4.77 vs 34.33 + 3.78; P < 0.001),
did not differ between the SP group and controls (31.39 +5.46 vs
34.33 +£3.78; P =0.069) and was significantly lower in the PD group com-
pared to SP group (24.88 +4.77 vs 31.39 + 5.46; P < 0.001). Corneal nerve
branch density (CNBD) (no./mm?®) was higher in the PD group compared to
controls (33.27 + 14.52 vs 24.58 + 8.23; P = 0.004), did not differ between the
SP group and control group (24.59 + 5.89 vs 24.58 + 8.23; P = 1.00) and was
significantly lower in the SP group compared to the PD group (24.59 + 5.89
vs 33.27  14.52; P = 0.007). Corneal nerve fiber length (CNFL) (mm/mm®)
was significantly lower in the PD group compared to controls (14.23 + 3.39
vs 15.86 +2.27; P=0.04), with no difference between the SP and control
group, nor between the SP and PD groups. Representative morphology of

Table 1 | Demographic characteristics of participants

HC (n =30) PD (n = 45) SP (n=25) P
Age, years 62.43+6.16 62.58 +7.75 64.00 +7.23 0.705
Sex M/F 16/14 28/17 14/11 0.743
Disease duration, years NA 4 (2.5, 6.5) 3(2,5.5) 0.226
H-Y Stage NA 3 (2.0, 3.5) 3(1,3.0 0.751
LEDD (mg) NA 475 (387.50, 643.75) 465.00 + 156.62 0.177
MDS UPDRS-I (score) NA 11.00 (8.5, 17.5) 9.12+4.01 0.013
MDS UPDRS-II (score) NA 16.39+7.88 13.25+7.13 0.108
MDS UPDRS-III (score) NA 35.91+18.58 30.92 + 15.51 0.792
SCOPA-AUT (score) NA 16.07 +7.42 10.48 +5.30 b** 0.001
MoCA (score) NA 20.56 +6.07 23.00 (16, 27.5) 0.397
Olfactory testing (score) NA 4.60+2.22 8.28 +2.32 b*** <0.001
CNFD no./mm? 34.33+3.78 24.88 +4.77 a*** 31.39 +5.46 b*** <0.001
CNBD no./mm? 24.58 +8.23 33.27 +14.52 a** 24.59 +5.89 b* 0.004
CNFL mm/mm? 15.86 +2.27 14.23 +3.39 a* 14.23+1.79 0.192

NA not available, PD Parkinson’s disease, SP secondary parkinsonism, LEDD levodopa equivalent daily dose, MDS UPDRS Movement Disorders Society unified Parkinson’s disease rating scale, SCOPA-
AUT the scale for outcomes in PD for autonomic symptoms, MoCA Montreal cognitive assessment, CNFD corneal nerve fiber density, CNBD corneal nerve branch density, CNFL corneal nerve fiber length.

(*P <0.05, **P < 0.01, ***P < 0.001).
a: Controls vs PD.
b: PD vs SP.
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Fig. 1 | Representative images in each group.
Images of MRI (a-c), "F-FDG (d-f) and "*F-DOPA
PET scans (g-i) in a healthy control (a, d, g), PD
(b, e, h) and SP (¢, £, i) patient. In a 65-year-old
female PD patient who presented with 6 months of
resting tremor, bradykinesia, muscle stiffness in the
left side of the body, the cerebral MRI is basically
normal (b), striatum glucose metabolism is
increased bilaterally (e) and nigrostrtiatal degen-
eration is more affected in the right side than the left,
and more impaired in the putamen than the caudate
(h). In a SP participant with vascular parkinsonism
who presented with shuffling gait, bradykinesia,
bulbar paralysis and left pyramidal signs, axial cer-
ebral MRI showed paraventricular high signal
intensity predominantly in the right side consistent
with a cerebral infarct 4 years ago. Cerebral *FDG
PET shows reduced metabolism in the right tem-
poral lobe, parietal lobe, occipital lobe, thalamus and
basal ganglia (f), which is in accordance with the
cerebral infarction. In contrast to PD, "*F-DOPA
PET uptake is relatively normal (i) indicating an
intact nigrostriatal pathway. *F-FDG: "*F-
fluorodeoxyglucose, "*F-DOPA L-6-"*F-fluoro-3,4-
dihydroxyphenylalanine, PD Parkinson’s disease,
SP secondary parkinsonism.

the corneal nerve fibers and scatterplots of the individual CCM parameters
in each group are shown in Figs. 2 and 3, respectively.

Diagnostic utility of CCM

ROC analysis showed that the area under the curve (AUC) distinguishing SP
from PD for UPDRS-I, SCOPA-AUT and olfactory test was 0.679 (95% CI,
0.553-0.805), 0.728 (95% CI, 0.608-0.847) and 0.866 (95% CI, 0.777-0.955)
respectively. Combining all three parameters resulted in an increased AUC
0f 0.907 (95% CI, 0.834-0.980) with a sensitivity and specificity of 72% and
97.8% respectively. The AUC distinguishing SP from PD for CNFD and
CNBD was 0.817 (95% CI, 0.718-0.917) and 0.698 (95% CI, 0.576-0.821)
respectively. Combining both CNFD and CNBD increased the AUC to
0.924 (95% CI, 0.860-0.988) with a sensitivity and specificity of 80% and
93.3%, respectively. Combining the clinical measures with CCM parameters
further increased the AUC to 0.965 (95% CI, 0.909-1.000), with a sensitivity
of 92% and specificity of 97.8% (Fig. 4).

Correlation analysis between CCM and clinical measures
Correlation analysis showed that CNFD and CNBD correlated positively
with the olfactory test and negatively with SCOPA-AUT in PD patients
(Fig. 5). CNED (r = —0.277, P=0.065) and CNBD (r = —0.291, P = 0.051)
showed a trend towards a negative correlation with MDS UPDRS-I scores.
There was no significant correlation between CNFD, CNBD, and clinical
characteristics in patients with SP (Supplementary Fig. 1).

In PD, the SORs of the putamen correlated positively with CNFD
(r=0.668, P=0.003) and CNBD (r=0.768, P < 0.001). There was no sig-
nificant correlation between SORs of the putamen and CCM parameters in
the SP group (Supplementary Fig. 2).

Discussion

This study demonstrates a distinct pattern of corneal nerve fiber and
"E-DOPA PET alterations which differentiate patients with SP compared to
PD. Furthermore, the ROC analysis reveals an excellent AUC for combined
corneal nerve and clinical measures differentiating patients with SP from PD.

We have previously shown a lower CNFD and higher CNBD in
patients with PD compared to controls'*", indicating concomitant neuronal
degeneration and regeneration’. We and others have also demonstrated
corneal nerve loss in PD, especially in those with greater motor progression'’
and cognitive'’, and autonomic dysfunction'’. Additionally, corneal nerve
morphology differed between motor subtypes of PD", although it did not
differ between PD patients with and without restless leg syndrome®. Our
recent study also showed a lower CNFD, CNBD and CNFL in MSA patients
with only a lower CNFD in patients with progressive supranuclear palsy
(PSP)'* and Niu et al. also showed lower CNFD and CNFL but comparable
CNBD in patients with MSA compared to PD"".

In this study, despite similar clinical symptoms and signs, we show
relative preservation of corneal nerve parameters and no evidence of pre-
synaptic dopaminergic dysfunction on *F-DOPA PET in patients with SP
compared to PD*'*. Corneal nerve loss could serve as a surrogate marker for
nigrostriatal dopaminergic dysfunction, though the precise basis for this
requires further study.

Currently, there are no biomarkers to differentiate SP from PD. Our
findings suggest that CCM has clinical utility in diagnosing and differ-
entiating patients with SP from PD, with important consequences for
management and predicting outcomes. The signs and symptoms of SP and
PD are often very similar, neither motor nor non-motor symptoms effec-
tively distinguish patients with SP from PD. Some studies have shown that
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Fig. 2 | Representative CCM images in each group.
CCM images in healthy controls (a,d, g), PD (b, e, h)
and SP (¢, f, i). The corneal nerve plexus is beaded,
linear homogeneous and highly reflective (a-c).
Nerve fiber trunks are highlighted in red; branch
origins are represented by the green dots (d-f) and
corneal nerve fiber length is shown in green line
(g-1). Images (d-f) were analyzed with the manual
software (CCMetrics) and images g-i were marked
with the automated version (ACCMetrics). Scale
bar=100 um. CCM corneal confocal microscopy,
PD Parkinson’s disease, SP secondary
parkinsonism.

Fig. 3 | CCM parameters in controls, PD patients 50 ok 80 *% 25 *
and SP group. CNFD (a), CNBD (b) and CNFL (c) a falall b kT — C
in each group were compared with controls and dot : —~ 20
plots were generated. CCM parameters in controls, < NE
PD patients and SP group (a-c). Errors bars repre- E g 15-
sent mean + standard deviation (*P < 0.05, ; E
**P<0.01, ¥**P < 0.001). PD Parkinson’s disease, £ £
SP secondary parkinsonism, CCM corneal confocal E = 10
microscopy, CNFD corneal nerve fiber density, z I'zL
CNBD corneal nerve branch density, CNFL corneal o O 5
nerve fiber length.
0 I I 0 I I I 0 I I I
& & L < & L <
& & o
($) ($) ($)

the olfactory test may differentiate drug-induced parkinsonism from idio-
pathic PD"*, and indeed we show a good correlation between abnormal
corneal nerve parameters and the severity of olfactory dysfunction. Mole-
cular imaging investigations like the DAT scan and/or cardiac '*’I-MIBG
scintigraphy may also differentiate SP from PD*"*, but are costly and not
readily available. We now show high sensitivity and specificity for corneal
nerve parameters, especially when combined with clinical measures in
differentiating patients with SP from PD.

The limitations of this study include the small sample size, especially as
only a small portion of SP patients underwent the "*F-DOPA PET scan. SP
also has various etiologies, and our study only included patients with vas-
cular and drug-induced parkinsonism. Given the relatively short follow-up

period of 12 months, a longer follow-up and repeated "*F-DOPA PET scans
may be necessary to exclude preclinical PD in the SP group™. Corneal nerve
loss also occurs in a range of other neurodegenerative diseases including
Alzheimer’s disease™, Wilson disease™, Friedreich’s ataxia®, multiple
sclerosis” and amyotrophic lateral sclerosis™, impacting on its specificity.
Thus, CCM alone is not sufficient for diagnosing and differentiating patients
with SP, but requires consideration of clinical characteristics, imaging,
treatment response to dopaminergic drugs, and exclusion of other causes.

In conclusion, patients with SP show preserved corneal nerve fibers
and nigrostriatal function as compared to PD. CCM may have clinical utility
as a rapid ophthalmic neuroimaging method for distinguishing patients
with SP from PD.
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ROC curve for PD and SP
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Materials and Methods

Participants

Participants were recruited from the Department of Neurology,
Henan Provincial People’s Hospital between March 2018 and
December 2023. PD was diagnosed according to the 2015 Movement
Disorder Society clinical diagnostic criteria for Parkinson’s disease™
and participants with clinically diagnosed and clinically probable PD
were recruited. Parkinson-plus syndromes such as MSA, PSP, cortical
basal ganglia degeneration (CBD), dementia with Lewy bodies (DLB)
and those with a family history of a movement disorder were excluded
from the study.

Drug-induced parkinsonism was diagnosed™ by the presence of par-
kinsonism (at least two symptoms of either bradykinesia, tremor, or rigidity)
after commencing the drug and after excluding other neurodegenerative
etiologies. Participants were followed-up for at least 12 months to rule out a
neurodegenerative etiology.

Vascular parkinsonism was diagnosed according to the following
criteria®: presence of parkinsonism; evidence of cerebrovascular disease
indicated by clinical symptoms/signs, MRI lesions, or both; parkinsonism

could be acute or insidious onset, within one year of cerebrovascular disease
manifestations.

Other causes of SP such as infectious, immune-mediated, normal
pressure hydrocephalus, or traumatic were excluded from the study.

Healthy controls were recruited from volunteers or spouses of PD
patients with no history of neurodegenerative disease. Subjects younger
than 40 or older than 85 years of age were excluded from the study.
Subjects with a history of corneal disease, eye surgery, glaucoma, eye
inflammation, or thyroid eye disease were excluded. Other causes of
peripheral neuropathy were excluded based on a history of excess alcohol
use (>150 mL/d) and an assessment of vitamin B, and folate, serum
electrophoresis to exclude multiple myeloma, cryoglobulinemia and
macroglobulinemia and an oral glucose tolerance test to exclude
impaired glucose tolerance and diabetes. All subjects agreed to partici-
pate in the study and written informed consent was obtained. The clinical
features of each participant were carefully evaluated by an experienced
neurologist (H.-Q. Yang) who was specialized in PD and related move-
ment disorders. The study was approved by the ethics committee of
Henan Provincial People’s Hospital (No. 202148).
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Clinical evaluation

The assessment of motor and non-motor symptoms was performed in the
“ON?” state in PD patients. PD symptoms were assessed with part I, II, Il and
IV sub-scales of the MDS-UPDRS and H-Y staging was undertaken for all PD
patients™. Age at onset was defined as the time of the first cardinal motor
sign(s), noted by either the patient or family members. Disease duration was
defined as the time interval between presentation with first motor symptoms
and enrollment into the present study. The SCOPA-AUT, a reliable and
validated questionnaire that evaluates autonomic dysfunction was under-
taken in patients with PD to detect autonomic dysfunction. MoCA was used
to assess the cognitive status. Olfactory function was assessed with an olfac-
tory kit for Parkinson’s disease (Jiangsu Parkinsense Biotech Co., Ltd,
Nanjing, China). The olfactory kit consists of twelve smell cards, with four
olfactory options each and the subject is required to choose the correct one.
All subjects are required to complete all odor tests, and the result is repre-
sented by the overall score. Olfactory dysfunction was identified by a score
<8'". Levodopa equivalent daily dose (LEDD) was assessed according to the
levodopa conversion formula”. Briefly, 100 mg levodopa= 133 mg
entacapone = 1 mg pramipexole = 5 mg ropinirole = 10 mg selegiline = 1 mg
rasagiline = 100 mg amantadine.

Neuroimaging investigations

All neuroimaging investigations were performed in the ON state. Partici-
pants underwent cerebral MRI with a Discovery MR750 scanner (GE
Healthcare Bio-Sciences). T1-weighted, T2-weighted, fluid attenuated
inversion recovery (FLAIR), and susceptibility-weighted imaging (SWI)
sequences were included to rule out other diagnoses. '*F-FDG and
""F-DOPA PET were performed to assess cerebral metabolic activity and
evaluate the functional integrity of the presynaptic dopaminergic pathway
to assist in the diagnosis of PD and to differentiate it from atypical par-
kinsonism, as these disorders exhibit distinct patterns of dopaminergic and
fluorodeoxyglucose metabolism™*.

Prior to "*F-FDG PET examination, patients were required to fast for
>6 h with a fasting blood glucose level of <6.1 mmol/l. Fifty minutes after
intravenous injection of "*F-FDG at a dose of 5.55 MBgq/kg, "“F-FDG PET
images were obtained using a Discovery VCT PET-CT set (GE Healthcare
Bio-Sciences). An acquisition counter using an iterative method was used to
reconstruct transverse, sagittal and coronal images.

For "*F-DOPA PET scanning, the drugs for PD were administrated as
usual. *F-DOPA PET was performed 90 min after intravenous injection of
'®E-DOPA (370 MBq) and the PET acquisition time was 30 min. All PET
scans were performed in the PET center of Henan Provincial People’s
Hospital.

Quantitative analysis of "F-DOPA uptake was conducted by an
experienced neurologist (S. Chen) who was blinded to the study design. The
areas of interest (ROI) were drawn on the MR images and copied to the PET
images to calculate the average radioactivity in 3 planes. The ROIs were
located bilaterally at the striatum and the occipital cortex with the occipital
cortex acting as a reference. The SOR was used as a quantitative measure of
presynaptic dopaminergic function. SORs were generated for the striatum
on each side and then averaged from occipital ROI data.

Corneal confocal microscopy

A Heidelberg Retina Tomograph III with a Rostock Cornea Module (HRT
III RCM; Heidelberg Engineering GmbH, Heidelberg, Germany) was used
to acquire images of the central corneal sub-basal nerve plexus. To minimize
the influence of motor symptoms, especially tremor, CCM was conducted in
PD patients when they were in the “ON” state. Topical lidocaine was used to
anesthetize the eye of each subject, who was then seated and instructed to
focus on an outer fixation light. The TomoCap was correctly positioned on
the cornea by visualizing with the CCD camera. An experienced examiner
took images of the sub-basal nerve plexus in the central cornea using the
“section” mode according to an established protocol”. 4-6 optimal quality
CCM images from the central cornea of each eye were selected and analyzed
using validated, manual (CCMetrics) and automated (ACCMetrics,

Imaging Science and Biomedical Engineering, Manchester, UK) purpose-
written software”. Three parameters were analyzed in this study: (a) CNFD:
the number of main nerve fibers per square millimeter; (b) CNBD: the
number of primary branches originating from the main nerve; (c) CNFL: the
sum of length of all nerve fibers per square millimeter.

Statistical analysis

The Shapiro-Wilk test was used to assess the normality of data. Normally
distributed variables are expressed as mean + standard deviation (SD).
Analysis of variance with Bonferroni as post hoc test and t-tests were used
for group comparison. Non-normal or non-homoscedasticity variables are
expressed as median (interquartile range). Multiple comparisons were
performed with the non-parametric Kruskal-Wallis test. Chi-square tests
and Fisher’s exact tests were used to compare categorical variables. Spear-
man or Pearson correlation analysis was performed to assess the association
between corneal nerve fiber and clinical characteristics in the PD group. The
receiver operating characteristic (ROC) curve was applied to analyze the
capability of corneal nerve fiber parameters for discriminating PD and SP
participants. All analyses were carried out using SPSS version 22.0 (IBM
Corporation, Armonk, NY, USA). Scatter plots and ROC curves were
generated using GraphPad Prism version 8.0 (GraphPad Software, Inc, San
Diego, CA, USA). P < 0.05 was considered statistically significant.

Data availability
The authors confirm that the data supporting the findings of this study are
available within the article.
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