
	Table 1: Baseline characteristic
Table 1.1: Baseline characteristic of all participants

	Characteristics
	Normal
(n = 18)
	PD
(n = 18)
	High risk PD
(n = 17)
	p

	Age
	
	60.28 ± 6.84
	60.94 ± 11.48
	52.00 ± 13.59
	0.035*

	Sex
	Female
	17 (94.4%)
	10 (55.6%)
	13 (76.5%)
	0.025

	
	Male
	1 (5.6%)
	8 (44.4%)
	4 (23.5%)
	

	Drinking
	Never
	15 (83.3%)
	15 (83.3%)
	12 (70.6%)
	0.612

	
	Social
	3 (16.7%)
	3 (16.7%)
	3 (17.6%)
	

	
	Moderate
	0 (0%)
	0 (0%)
	1 (5.9%)
	

	
	Addiction
	0 (0%)
	0 (0%)
	1 (5.9%)
	

	Previous head injury
	
	1 (5.6%)
	3 (16.7%)
	1 (5.9%)
	0.434

	OGTT at 0 h
	
	86.56 ± 8.51
	88.67 ± 7.09
	88.94 ± 6.70
	0.586

	OGTT at 2 h.
	
	99.89 ± 21.80
	101.89 ± 17.91
	105.76 ± 19.41
	0.675

	Relation to PD patients
	1st degree 
	2 (11.1%)
	0 (0%)
	13 (76.5%)
	<0.001

	Thai Sniffin Stick score
	
	13.67 ± 2.66
	8.72 ± 3.48
	13.18 ± 2.58
	<0.001*

	Positive Single Question RBD
	
	0 (0%)
	3 (16.7%)
	4 (23.5%)
	0.105

	Beck score
	
	5.89 ± 4.69
	11.72 ± 8.36
	13.71 ± 13.05
	0.041

	Positive ROME constipation score
	
	3 (20%)
	7 (38.9%)
	6 (35.3%)
	0.134

	MOCA or TMSE Score
	
	28.50 ± 1.95
	27.11 ± 2.19
	25.35 ± 3.48
	0.003*

	Table 1.2: Baseline characteristic of high risk PD group

	Relation to PD patients
	None
	4 (23.5%)

	
	1st degree
	13 (76.5%)

	
	2nd degree
	0 (0%)

	Single Question RBD
	Negative
	13 (76.5%)

	
	Positive for RBD
	4 (23.5%)

	Thai Sniffin Stick result
	Normal
	6 (35.3%)

	
	Anosmia
	11 (64.7%)

	ROME constipation score
	Negative for constipation
	11 (64.7%)

	
	Positive for constipation
	6 (35.3%)

	Beck grading for depression
	Normal
	10 (58.8%)

	
	Mild mood disturbance
	1 (5.9%)

	
	Borderline clinical depression
	2 (11.8%)

	
	Moderate depression
	3 (17.6%)

	UPDRS Part III Score
	 
	1.41 ± 1.62

	Total Estimated Likelihood Ratio
	4322811.64 ± 17574226.94

	Estimated Probability (%)
	 
	0.46 ± 0.46

		Table 1.3: Baseline characteristic of PD group

	PD age at onset (years old)
	 
	53.50 ± 10.50

	PD duration (years)
	 
	7.00 ± 4.45

	Average Hoehn and Yahr staging
	
	2.19 ± 0.88

	Hoehn and Yahr staging
	1 Unilateral involvement only
	1 (5.6%)

	
	1.5 Unilateral and axial involvement
	4 (22.2%)

	
	2 Bilateral involvements without impair balance
	7 (38.9%)

	
	2.5 Mild bilateral disease with recovery on pull test
	3 (16.7%)

	
	3 Mild to mod; postural instability; independent
	2 (11.1%)

	
	4 Severe disabilities; able to walk or stand unassisted
	0 (0%)

	
	5 Wheelchair bound or bedridden unless aided
	1 (5.6%)

	Total Levodopa dose
	 
	1435.41 ± 1400.83

	UPDRS Part I Score
	 
	8.17 ± 10.58

	UPDRS Part II Score
	 
	7.61 ± 10.39

	UPDRS Part III Score
	 
	22.78 ± 20.93

	UPDRS Part IV Score
	 
	3.94 ± 4.73

	UPDRS Summary Score
	
	40.72 ± 44.81

	Data are presented as mean ± SD (ANOVA for continuous data and frequency (percentage) with chi-square test for ordinal data; *p < 0.05) a No participant had a history of smoking.
Abbreviations: PD, Parkinson’s disease; OGTT, oral glucose tolerance test; RBD, REM sleep behavior disorder; MOCA or TMSE, Montreal cognitive assessment or Thai mental state exam; UPDRS, The unified Parkinson’s disease rating scale.








Table 2: Corneal nerve parameters in three groups
	Table 2:1 Corneal nerve parameters in three groups

	Parameters
	PD (n=18)
	High risk PD (n=17)
	Normal (n=18)
	p-value
	
	Eta-squared effect size

	CNFD (mm/mm2)
	12.79 ± 1.89
	13.55 ± 3.39
	15.88 ± 2.81
	0.004*
	
	0.197

	CNFL (mm)
	1.39 ± 0.19
	1.47 ± 0.34
	1.66 ± 0.28
	0.020*
	
	0.145

	CNBD (/mm2)
	33.66 ± 13.77
	30.98 ± 12.32
	39.83 ± 13.99
	0.061
	
	0.106

	Tortuosity
	1.07 ± 0.03
	1.07 ± 0.02
	1.07 ± 0.027
	0.874
	
	0.005

	Data are presented as mean ± SD (ANOVA for continuous data with eta-squared effect size; *p < 0.05)

	Table 2.2: Bonferroni post hoc comparison between each pair


	Parameters
	Comparison
	Mean Difference
	p-value
	95% CI

	CNFD
	Healthy controls vs High risk PD
	2.329
	0.047*
	0.025, 4.634

	
	Healthy controls vs PD
	3.090
	0.004*
	0.819, 5.361

	
	High risk PD vs PD
	0.760
	1.000
	- 4.634, - 0.025

	CNFL
	Healthy controls vs High risk PD
	0.180
	0.185
	- 0.532, 0.413

	
	Healthy controls vs PD
	0.264
	0.019*
	0.035, 0.494

	
	High risk PD vs PD
	0.084
	1.000
	- 0.149, 0.318

	CNBD
	Healthy controls vs High risk PD
	8.843
	0.163
	-2.278, 19.963

	
	Healthy controls vs PD
	9.806
	0.094
	- 1.154, 20.766

	
	High risk PD vs PD
	0.963
	1.000
	- 10.157, 12.083

	Tortuosity
	Healthy controls vs High risk PD
	0.004
	1.000
	- 0.018, 0.026

	
	Healthy controls vs PD
	0.001
	1.000
	- 0.021, 0.022

	
	High risk PD vs PD
	-0.003
	1.000
	- 0.256, 0.018

	

	Table 2.3: Comparison of corneal nerve parameters in each eye of PD

		Parameters
	Mean Difference
	p-value
	95% CI

	CNFD (OD-OS)
	-0.49 ± 2.79
	0.480
	- 1.921, 0.944

	CNFL (OD-OS)
	-0.02 ± 0.24
	0.731
	- 1.144, 0.103

	CNBD (OD-OS)
	-2.36 ± 13.54
	0.483
	- 9.322, 4.604

	Tortuosity (OD-OS)
	-0.01 ± 0.02
	0.184
	- 0.015, 0.003




	Data are presented as mean difference with *p < 0.05 and 95% CI





	
Table 3: ophthalmic parameters of all participants
	

	Characteristics
	Normal (n=18)
	PD (n=18)
	High risk PD (n=17)
	p-value
	Eta Squared Effect size

	OSDI score
	
	20.34 ± 15.78
	29.37 ± 26.65
	32.29 ± 30.68
	0.343
	0.042

	Average TBUT
	
	6.93 ± 2.56
	5.70 ± 3.03
	4.69 ± 2.60
	0.063
	

	Average ocular surface staining
	
	1.39 ± 2.98
	2.19 ± 2.73
	2.18 ± 3.18
	0.653
	0.0

	Pupil reactivity OD
	Good
	18 (100%)
	10 (55.6%)
	17 (100%)
	0.001
	

	
	Sluggish 
	0 (0%)
	6 (33.3%)
	0 (0%)
	
	

	
	No response
	0 (0%)
	2 (11.1%)
	0 (0%)
	
	

	Pupil reactivity OS
	Good
	18 (100%)
	10 (55.6%)
	17 (100%)
	0.001
	

	
	Sluggish 
	0 (0%)
	6 (33.3%)
	0 (0%)
	
	

	
	No response
	0 (0%)
	2 (11.1%)
	0 (0%)
	
	

	Lens OD
	Clear
	5 (27.8%)
	3 (16.7%)
	11 (64.7%)
	0.008
	

	
	Cataract
	13 (72.2%)
	15 (83.3%)
	6 (35.3%)
	
	

	Lens OS
	Clear
	4 (22.2%)
	3 (16.7%)
	12 (70.6%)
	0.001
	

	
	Cataract
	14 (77.8%)
	15 (83.3%)
	5 (29.4%)
	
	

	Average Schirmer I test
	
	8.85 ± 7.65
	10.61 ± 12.14
	8.71 ± 4.41
	0.770
	

	Average Basic tear test
	
	10.36 ± 4.15
	12.94 ± 9.98
	11.15 ± 6.99
	0.570
	

	Average Schirmer II test
	
	16.44 ± 9.01
	16.17 ± 10.19
	15.82 ± 11.62
	0.984
	

	Average Blink Rate (/min)
	
	27.17 ± 15.76
	18.36 ± 14.13
	20.41 ± 14.20
	0.183
	0.066

	Corneal sensitivity OD
	
	4.53 ± 1.36
	3.08 ± 1.43
	5.00 ± 1.15
	<0.001
	0.289

	Corneal sensitivity OS
	
	4.36 ± 1.57
	2.97 ± 1.46
	4.88 ± 1.36
	<0.001
	0.242

	Average Corneal sensitivity
	
	4.44 ± 1.44
	3.03 ± 1.44
	4.94 ± 1.22
	<0.001
	0.270

	Average Tear meniscus height
	
	0.28 ± 0.14
	1.75 ± 6.30
	0.24 ± 0.17
	0.385
	0.037

	OCT RNFL OD
	Normal
	16 (88.9%)
	12 (66.7%)
	16 (94.1%)
	0.069
	

	
	Thinning
	2 (11.1%)
	6 (33.3%)
	1 (5.9%)
	
	

	OCT RNFL OS
	Normal
	14 (77.8%)
	13 (72.2%)
	15 (88.2%)
	0.497
	

	
	Thinning
	4 (22.2%)
	5 (27.8%)
	2 (11.8%)
	
	

	Ganglion cell analysis OD
	Normal thickness
	12 (66.7%)
	9 (50%)
	14 (82.4%)
	0.126
	

	
	Mild thinning
	2 (11.1%)
	1 (5.6%)
	2 (11.8%)
	
	

	
	Marked thinning
	4 (22.2%)
	8 (44.4%)
	1 (5.9%)
	
	

	Ganglion cell analysis OS
	Normal thickness
	13 (72.2%)
	9 (50%)
	15 (88.2%)
	0.099
	

	
	Mild thinning
	3 (16.7%)
	2 (11.1%)
	1 (5.9%)
	
	

	
	Marked thinning
	2 (11.1%)
	7 (38.9%)
	1 (5.9%)
	
	

	Contrast sensitivity OD
	Normal
	17 (94.4%)
	11 (61.1%)
	13 (76.5%)
	0.057
	

	
	Decreased
	1 (6.67%)
	7 (38.9%)
	4 (23.5%)
	
	

	Contrast sensitivity OS
	Normal
	15 (83.3%)
	10 (55.6%)
	12 (66.7%)
	0.192
	

	
	Decreased
	3 (16.7%)
	8 (44.4%)
	5 (29.4%)
	
	

	Color testing OD
	Normal
	17 (94.4%)
	17 (94.4%)
	17 (100%)
	0.612
	

	
	Blue deficit
	1 (5.6%)
	1 (5.6%)
	0 (0%)
	
	

	Color testing OS
	Normal
	18 (100%)
	17 (94.4%)
	17 (100%)
	0.371
	

	
	Blue deficit
	0 (0%)
	1 (5.6%)
	0 (0%)
	
	

	
The table presents mean ± SD with ANOVA for continuous data and frequency (percentages) with Chi-square test for categorical data; P-value < 0.05 is considered statistical significance.  a. No statistics are computed because of constant.

Abbreviation: PD, Parkinson’s disease; OGTT, Oral glucose tolerance test; VA, Visual acuity; IOP, Intraocular pressure; TBUT, Tear breakup time; OSSS, Ocular surface staining scores; IOL, Intraocular lens; EOM, Extraocular muscle; OCT, Optical coherence tomography; RNFL, Retinal nerve fiber layer.  VA, visual acuity; IOP, intraocular pressure; TBUT, Tear breakup time; OSSS, Ocular surface staining scores; IOL, Intraocular lens; EOM, Extraocular muscle; OCT, Optical coherence tomography; RNFL, Retinal nerve fiber layer.

	
	


	Table 4: Correlations between corneal nerve and clinical parameters

	Table 4.1: Correlations between corneal nerve and clinical parameters in all participants

	Characteristics

	CNFD
	CNFL
	CNBD
	Tortuosity

	
	r
	p
	r
	p
	r
	p
	r
	p

	Age
	−0.083
	0.557
	-0.203
	0.144
	0.070
	0.617
	0.393
	0.004*

	OGTT at 0 hour
	-0.249
	0.072
	-0.281
	0.042*
	-0.205
	0.140
	-0.048
	0.735

	OGTT at 2 hours
	-0.099
	0.478
	-0.148
	0.291
	-0.066
	0.638
	-0.037
	0.794

	Thai Sniffin Stick score
	0.399
	0.003*
	0.335
	0.014*
	0.342
	0.012*
	0.024
	0.864

	Beck score
	0.050
	0.724
	0.131
	0.349
	-0.060
	0.672
	-0.206
	0.138

	ROME constipation score
	-0.051
	0.715
	0.006
	0.966
	-0.149
	0.288
	-0.093
	0.507

	MOCA or TMSE score
	0.180
	0.198
	0.192
	0.167
	0.103
	0.462
	-0.075
	0.588

	OSDI dry eye symptom score
	-0.168
	0.228
	-0.037
	0.794
	-0.306
	0.026*
	-0.132
	0.347

	Average Corneal Sensitivity
	0.218
	0.116
	0.268
	0.052
	0.081
	0.566
	0.085
	0.546

	Average Blink rate
	0.149
	0.287
	0.192
	0.168
	0.033
	0.814
	-0.161
	0.248

	Average TBUT
	0.198
	0.156
	0.284
	0.039*
	0.147
	0.293
	-0.053
	0.709

	Average tear meniscus height
	0.118
	0.401
	-0.001
	0.994
	0.373
	0.006*
	0.419
	0.002*

	Table 4.2: Correlations between corneal nerve and clinical parameters of patients with PD.

	Age
	0.258
	0.301
	-0.282
	0.258
	0.434
	0.072
	0.577
	0.012*

	OGTT at 0 hour
	-0.302
	0.224
	-0.355
	0.149
	-0.229
	0.360
	-0.189
	0.451

	OGTT at 2 hours
	0.255
	0.307
	0.488
	0.040*
	-0.204
	0.416
	-0.435
	0.071

	PD age at onset
	0.100
	0.692
	-0.315
	0.202
	0.259
	0.299
	0.440
	0.068

	PD duration
	0.260
	0.297
	-0.030
	0.906
	0.309
	0.213
	0.304
	0.219

	H&Y staging
	0.613
	0.007*
	0.094
	0.711
	0.823
	<0.001*
	0.684
	0.002*

	Total Levodopa dose
	0.550
	0.018*
	0.283
	0.254
	0.455
	0.058
	0.298
	0.230

	UPDRS Part I Score
	0.524
	0.026*
	0.254
	0.309
	0.543
	0.020*
	0.422
	0.081

	UPDRS Part II Score
	0.621
	0.006*
	0.334
	0.175
	0.623
	0.006*
	0.484
	0.081

	UPDRS Part III Score
	0.599
	0.009*
	0.175
	0.486
	0.739
	<0.001*
	0.514
	0.029

	UPDRS Part IV Score
	0.722
	<0.001*
	0.439
	0.069
	0.714
	<0.001*
	0.489
	0.039

	UPDRS Summary Score
	0.662
	0.003*
	0.253
	0.311
	0.737
	<0.001*
	0.543
	0.020

	Thai Sniffin Stick score
	0.126
	0.618
	0.050
	0.843
	0.224
	0.372
	0.031
	0.902

	Beck score
	0.208
	0.407
	0.196
	0.437
	0.013
	0.960
	-0.312
	0.207

	ROME constipation score
	0.130
	0.608
	0.350
	0.154
	-0.213
	0.397
	-0.327
	0.185

	MOCA or TMSE score
	-0.098
	0.699
	-0.161
	0.523
	-0.124
	0.625
	-0.128
	0.614

	OSDI dry eye symptom score
	0.238
	0.342
	0.428
	0.076
	-0.105
	0.678
	-0.263
	0.293

	Average Corneal Sensitivity
	-0.259
	0.298
	-0.011
	0.966
	-0.217
	0.388
	-0.110
	0.665

	Average Blink rate
	-0.147
	0.560
	0.074
	0.769
	-0.156
	0.537
	-0.339
	0.169

	Average Schirmer I
	0.520
	0.027*
	0.256
	0.305
	0.634
	0.005*
	0.392
	0.108

	Average Schirmer II
	0.412
	0.089
	0.079
	0.755
	0.428
	0.077
	0.320
	0.196

	Average Basic Tear
	0.383
	0.116
	0.416
	0.086
	0.362
	0.140
	0.040
	0.873

	Average tear meniscus height
	0.487
	0.040*
	0.153
	0.545
	0.730
	<0.001*
	0.595
	0.009*

	Average TBUT
	-0.336
	0.172
	-0.129
	0.611
	-0.205
	0.414
	-0.128
	0.614

	Average non-invasive TBUT
	-0.465
	0.052
	-0.045
	0.859
	-0.431
	0.074
	-0.471
	0.048*

	Ganglion Cell Analysis OD
	0.223
	0.374
	0.010
	0.968
	0.308
	0.214
	0.560
	0.016*

	Ganglion Cell Analysis OS
	0.323
	0.192
	0.113
	0.654
	0.366
	0.136
	0.581
	0.012*

	Pearson correlation was used for continuous data; Spearman Rho correlation was used for ordinal data; *p-value < 0.05 is considered statistical significance. 
Abbreviation: PD, Parkinson’s disease; H&Y, Hoehn and Yahr; UPDRS, Unified Parkinson's disease rating scale; OGTT, Oral glucose tolerance test; VA, Visual acuity; IOP, Intraocular pressure; TBUT, Tear breakup time; OSSS, Ocular surface staining scores; 




