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Supplemental Figure S1. Inclusion and exclusion criteria.
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OSAS, obstructive sleep apnea syndrome; SD-OCT, spectral domain optical coherence tomography; AMD, age-related macular degeneration.




Supplementary Table S1. Definition of variables in touchscreen questionnaire, verbal interview, and inpatient records of diagnosis. 
	Variable
	Data category
	Data filed
	Data code

	Age at recruitment
	Population characteristics
	21022
	

	Sex
	Population characteristics
	31
	

	Assessment center
	Recruitment
	54
	

	Townsend deprivation index
	Population characteristics
	189
	

	Smoking status
	Touchscreen questionnaire
	20116
	

	Alcohol drinker status
	Touchscreen questionnaire
	20117
	

	Ethnic background
	Touchscreen questionnaire
	21000
	

	Qualifications
	Touchscreen questionnaire
	6138
	

	BMI (Body mass index)
	Physical measures
	21001
	

	HDL cholesterol
	Blood assays
	30760
	

	LDL direct
	Blood assays
	30780
	

	logMAR, final (left)
	Eye measures
	5208
	

	logMAR, final (right)
	Eye measures
	5201
	

	Cylindrical power (left)
	Eye measures
	5086
	

	Cylindrical power (right)
	Eye measures
	5087
	

	Spherical power (left)
	Eye measures
	5085
	

	Spherical power (right)
	Eye measures
	5084
	

	Intra-ocular pressure, corneal-compensated (left)
	Eye measures
	5262
	

	Intra-ocular pressure, corneal-compensated (right)
	Eye measures
	5254
	

	Average retinal nerve fiber layer thickness (left)
	Eye measures
	28500
	

	Average retinal nerve fiber layer thickness (right)
	Eye measures
	28501
	

	Diabetes
	Hospital inpatients (ICD-10)
	41270
	E11-E14

	Cardiovascular diseases
	Touchscreen questionnaire
	6148
	1

	
	Touchscreen questionnaire
	2443
	1

	
	Verbal interview
	20002
	1276, 1220, 1222, 1223, 1468, 1521, 1607

	
	Hospital inpatients (ICD-10)
	41270
	I20-I25, I50, I60-I64

	Hypertension
	Touchscreen questionnaire
	6150
	1, 2, 3

	
	Verbal interview
	20002
	1074, 1075, 1076, 1081, 
1082, 1086, 1491, 1583

	
	Hospital inpatients (ICD-10)
	41270
	I10, I15

	Glaucoma
	Touchscreen questionnaire
	6150
	4

	
	Verbal interview
	20002
	1065, 1072

	
	Hospital inpatients (ICD-10)
	41270
	H40, H42

	Retinal diseases
	Touchscreen questionnaire
	6148
	2

	
	Verbal interview
	20002
	1277

	
	Hospital inpatients (ICD-10)
	41270
	H30-H36

	Multiple sclerosis
	Touchscreen questionnaire
	6148
	1, 5

	
	Verbal interview
	20002
	1275, 1281, 1282, 1528

	
	Hospital inpatients (ICD-10)
	41270
	G35

	Neurodegenerative diseases
	Verbal interview
	20002
	1261

	
	Hospital inpatients (ICD-10)
	41270
	F00-F03, G20, G21, G30, G31, G122, G231-G233, G238, G239

	
	Verbal interview
	20002
	1262, 1263




Supplementary Table S2. Baseline clinical characteristics of excluded versus included eyes.
	Demographics
	Included (23,014)
	Excluded (42,920)
	P-value

	Age, year
	55.06 (0.05)
	57.62 (0.04)
	<0.001

	Ethnicity, %
	
	
	

	 White
	21085 (91.62)
	38252 (89.12)
	<0.001

	 Eastern Asian
	71 (0.31)
	224 (0.52)
	

	 Other
	1713 (7.44)
	4121 (9.60)
	

	 Unknown
	145 (0.63)
	323 (0.75)
	

	Smoking status, %
	
	
	

	 Never
	12697 (55.17)
	23697 (55.21)
	<0.001

	 Former
	8011 (34.81)
	14725 (34.31)
	

	 Current
	2185 (9.49)
	4199 (9.78)
	

	 Unknown
	121 (0.53)
	299 (0.70)
	

	Townsend deprivation index score
	
	
	

	 Quartile 1
	5883 (25.59)
	10582 (24.69)
	0.03

	 Quartile 2
	5922 (25.76)
	10543 (24.59)
	

	 Quartile 3
	5701 (24.8)
	10760 (25.10)
	

	 Quartile 4
	5481 (23.84)
	10982 (25.62)
	

	Alcohol consumption, %
	
	
	

	 Never
	924 (4.01)
	2296 (5.35)
	<0.001

	 Previous
	763 (3.32)
	1593 (3.71)
	

	 Current
	21,245 (92.31)
	38848 (90.51)
	

	 Missing
	82 (0.36)
	183 (0.43)
	

	History of BP treatment
	
	
	

	 No
	21269 (92.42)
	38,523 (89.76)
	<0.001

	 Yes
	1745 (7.58) 
	4397 (10.24)
	

	Systolic blood pressure, mm Hg
	135.60 (0.12)
	137.93 (0.09)
	<0.001

	Diastolic blood pressure, mm Hg
	81.52 (0.07)
	81.91 (0.05)
	<0.001

	Body mass index, kg/m2
	27.19 (0.03)
	27.46 (0.02)
	<0.001

	Female, %
	12,281 (53.36)
	23,514 (54.79)
	<0.001

	Education attainment, %
	
	
	

	 College/university or above
	8,555 (37.17)
	14,672 (34.18)
	<0.001

	 Below college/university
	14,459 (62.83)
	28,248 (65.82)
	

	Status of diabetes mellitus, %
	
	
	

	 No
	22,032 (95.73)
	39,798 (92.73)
	<0.001

	 Yes
	982 (4.27)
	3,122 (7.27)
	

	History of MI
	
	
	

	 No
	22,457 (99.8)
	41,443 (99.56)
	<0.001

	 Yes
	46 (0.2)
	184 (0.44)
	

	History of stroke
	
	
	

	 No
	22,773 (99.8)
	42,190 (99.69)
	<0.001

	 Yes
	45 (0.2)
	131 (0.31)
	

	HbA1c, mmol/mol
	35.48 (0.04)
	36.51 (0.04)
	<0.001

	Total cholesterol, mmol/L
	5.69 (0.01)
	5.67 (0.01)
	0.01

	Triglyceride, mmol/L
	1.66 (0.01)
	1.68 (0.004)
	0.04

	High density lipoprotein, mmol/L
	1.48 (0.003)
	1.48 (0.002)
	0.43

	Low density lipoprotein, mmol/L
	3.54 (0.01)
	3.52 (0.004)
	<0.001

	spherical equivalent, D
	-0.07 (0.01)
	-0.51 (0.01)
	<0.001

	Intraocular pressure, mm Hg
	15.21 (0.02)
	16.44 (0.02)
	<0.001

	Average RNFL thickness, μm
	29.69 (0.03)
	29.53 (0.05)
	0.04

	Average GCIPL thickness, μm
	75.01 (0.04)
	73.01 (0.06)
	<0.001

	Average INL thickness, μm
	32.69 (0.01)
	32.45 (0.02)
	<0.001

	Average RPE thickness, μm
	25.34 (0.02)
	30.10 (0.16)
	<0.001


Data are expressed as the mean (SD) or n (%).
BP, diastolic blood pressure; HbA1c, Glycosylated haemoglobin; RNFL, retinal pigment epithelium thickness; GCIPL, ganglion cell-inner plexiform layer thickness; INL, inner nuclear layer thickness; RPE, retinal pigment epithelium.
Supplementary Table S3. Baseline characteristics of COIP participants.
	Demographics
	Non-CKD
	Mild CKD
	MS-CKD
	P-value

	No.
	1616 (73.55)
	518 (23.58)
	63 (2.87)
	

	Age, year
	61.70 (8.18)
	67.45 (6.80)
	71.11 (5.17)
	<0.001

	SBP, mm Hg
	130.37 (18.11)
	135.90 (19.09)
	137.73 (19.36)
	0.283 

	DBP, mm Hg
	69.78 (10.36)
	69.82 (10.15)
	69.59 (9.06)
	0.340 

	Body mass index, kg/m2
	24.07 (3.25)
	25.23 (15.62)
	25.55 (3.28)
	<0.001

	HbA1c, mmol/mol
	6.71 (1.34)
	6.80 (1.22)
	6.95 (1.45)
	0.028 

	Total cholesterol, mmol/L
	4.98 (1.05)
	4.82 (1.07)
	4.81 (1.09)
	0.856 

	Triglycerides, mmol/L
	2.33 (1.70)
	2.27 (1.47)
	2.60 (2.07)
	<0.001

	HDL-c, mmol/L
	1.32 (0.41)
	1.29 (0.41)
	1.19 (0.37)
	0.571 

	LDL-c, mmol/L
	3.13 (0.92)
	2.98 (0.91)
	2.96 (0.97)
	0.786 

	IOP, mm Hg
	16.18 (2.47)
	15.78 (2.69)
	15.78 (2.84)
	0.025 

	Axial length, mm
	23.44 (0.90)
	23.53 (0.88)
	23.59 (1.07)
	0.101 

	Average RNFLT, μm
	32.34 (5.24)
	31.71 (5.70)
	30.74 (5.94)
	0.001 

	Average GCIPLT, μm
	71.61 (5.73)
	70.79 (6.95)
	68.62 (5.31)
	<0.001

	Female, %
	1,048 (64.85)
	 271 (52.32)
	 32 (50.79)
	<0.001

	Smoking status, %
	
	
	
	

	 Never
	1,426 (88.24)
	 457 (88.22)
	 61 (96.83)
	0.109

	 Current
	190 (11.76)
	 61 (11.78)
	 2 (3.17)
	

	Alcohol consumption, %
	
	
	
	

	 Never
	1,486 (91.96)
	 469 (90.54)
	 61 (96.83)
	0.198 

	 Current
	130 (8.04) 
	49 (9.46) 
	2 (3.17)
	

	Hypertension, %
	
	
	
	

	 No
	1,243 (76.92)
	 321 (61.97)
	 25 (39.68)
	<0.001

	 Yes
	373 (23.08)
	 197 (38.03)
	 38 (60.32)
	

	Hyperlipidemia, %
	
	
	
	

	 No
	1,268 (78.47)
	 376 (72.59)
	 38 (60.32)
	<0.001

	 Yes
	348 (21.53)
	 142 (27.41)
	 25 (39.68)
	

	Diabetes mellitus, %
	
	
	
	

	 No
	399 (24.69)
	 75 (14.48)
	 2 (3.17)
	<0.001

	 Yes
	1217 (75.31)
	443 (85.52)
	61 (96.83)
	


Data are expressed as the mean (SD) or n (%).
COIP, Chinese Ocular Imaging Project; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; IOP, Intraocular pressure; HbA1c, Glycosylated hemoglobin; HDL-c, High-density lipoprotein cholesterol; LDL-c, Low-density lipoprotein cholesterol; RNFL, retinal pigment epithelium thickness; GCIPL, ganglion cell-inner plexiform layer.



Supplementary Table S4. Associations of renal function and GCIPL thickness in UK biobank subjects: cross-sectional data. 
	
	Cross-sectional difference (μm)

	
	Coefficient (95%CI)
	P-value

	Model 1
	
	

	  Non-CKD
	Reference
	

	  Mild-CKD
	-0.77 (-0.91, -0.62)
	<0.001

	  Mild to severe CKD
	-1.94 (-2.47, -1.41)
	<0.001

	Model 2
	
	

	  Non-CKD
	Reference
	

	  Mild-CKD
	-0.16 ( -0.31, -0.01)
	0.036

	  Mild to severe CKD
	-0.84 ( -1.37, -0.31)
	0.002 

	Model 3
	
	

	  Non-CKD
	Reference
	

	  Mild-CKD
	-0.15 (-0.30, -0.01)
	0.038 

	  Mild to severe CKD
	-0.83 (-1.34, -0.32)
	0.002


GCIPL, ganglion cell-inner plexiform layer thickness; CKD, chronic kidney disease.
Model 1: unadjusted.
Model 2: age, gender, ethnicity.
Model 3: age and gender, ethnicity, body max index, inter ocular press, refraction, body max index, smoking and drinking status, townsend deprivation index score, education, diabetes, microalbuminuria.


Supplementary Table S5. Sensitivity analysis of associations between renal function and GCIPL thickness in UK biobank: cross-sectional data. 
	
	Model 1
	Model 2
	Model 3

	
	Coefficient (95%CI)
	P-value
	Coefficient (95%CI)
	P-value
	Coefficient (95%CI)
	P-value

	Healthy population
	
	
	
	
	
	

	 Non-CKD
	Reference
	
	
	
	Reference
	

	 Mild-CKD
	-0.76 (-0.91, -0.60)
	<0.001
	-0.15 (0.30, 0.001)
	0.050 
	-0.15 (-0.30, -0.0001)
	0.050 

	 MS-CKD
	-1.80 (-2.40, -1.13)
	<0.001
	-0.89 (-1.43, -0.35)
	0.001
	-0.89 (-1.43, -0.35)
	0.001

	White population
	
	
	
	
	
	

	 Non-CKD
	Reference
	
	
	
	Reference
	

	 Mild-CKD
	-0.77 (-0.92, -0.62)
	<0.001
	-0.16 (-0.32, -0.01)
	0.034
	-0.15 (-0.30, 0.001)
	0.050 

	 MS-CKD
	-1.94 (-2.50, -1.39)
	<0.001
	-0.89 (-1.42, -0.35)
	0.001
	-0.89 (-1.43, -0.35)
	<0.001


GCIPL, ganglion cell-inner plexiform layer thickness; CKD, chronic kidney disease; MS-CKD, mild to severe CKD.
Model 1: unadjusted.
Model 2: age, gender, ethnicity.
Model 3: age and gender, ethnicity, body max index, inter ocular press, axial length, refraction, body max index, smoking and drinking status, townsend deprivation index score, education, diabetes, microalbuminuria
Supplementary Table S6. Associations between renal function at baseline and GCIPL decline (μm/year) during 3-year follow-up in COIP subjects: longitudinal data. 
	
	Longitudinal difference (μm/year)

	
	Coefficient (95%CI)
	P-value

	Model 1
	
	

	  Non-CKD
	Reference
	

	  Mild-CKD
	-0.43 (-0.53, -0.32)
	<0.001

	  Mild to severe CKD
	-0.79 (-1.06, -0.53)
	<0.001

	Model 2
	
	

	  Non-CKD
	Reference
	

	  Mild-CKD
	-0.35 (-0.46, -0.24)
	<0.001

	  Mild to severe CKD
	-0.67 (-0.94, -0.40)
	<0.001

	Model 3
	
	

	  Non-CKD
	Reference
	

	  Mild-CKD
	-0.30 (-0.41, -0.19)
	<0.001

	Mild to severe CKD
	-0.52 (-0.79, -0.26)
	<0.001


GCIPL, ganglion cell-inner plexiform layer thickness; CKD, chronic kidney disease.
Model 1: unadjusted
Model 2: age, gender
Model 3: age and gender, body max index, inter ocular press, axial length, smoking and drinking status, systolic blood pressure, diastolic blood pressure, HbA1c, total cholesterol, high density lipoprotein, triglyceride, history of hypertension



Supplementary Table S7. Subgroup analysis of associations between renal function and GCIPL thickness in COIP: longitudinal data. 
	
	Model 1
	Model 2
	Model 3

	
	Coefficient (95%CI)
	P-value
	Coefficient (95%CI)
	P-value
	Coefficient (95%CI)
	P-value

	Non-hypertension
	
	
	
	
	
	

	 Non-CKD
	Reference
	
	
	
	Reference
	

	 Mild-CKD
	-0.32 (-0.44, -0.20)
	<0.001
	-0.27 (-0.39, -0.15)
	<0.001
	-0.28 (-0.41, -0.16)
	<0.001

	 MS-CKD
	-0.11 (-0.49, 0.27)
	0.577
	-0.04 (-0.42, 0.34)
	0.847
	-0.05 (-0.43, 0.33)
	0.797

	Hypertension
	
	
	
	
	
	

	 Non-CKD
	Reference
	
	
	
	Reference
	

	 Mild-CKD
	-0.41 (-0.62, -0.20)
	<0.001
	-0.36 (-0.58, -0.14)
	0.001
	-0.37 (-0.59, -0.15)
	0.001

	 MS-CKD
	-0.95 (-1.35, -0.54)
	<0.001
	-0.89 (-1.31, -0.47)
	<0.001
	-0.91 (-1.33, -0.49)
	<0.001

	Diabetic mellitus
	
	
	
	
	
	

	 Non-CKD
	Reference
	
	
	
	Reference
	

	 Mild-CKD
	-0.43 (-0.55, -0.31)
	<0.001
	-0.42 (-0.55, -0.28)
	<0.001
	-0.37 (-0.50, -0.24)
	<0.001

	 MS-CKD
	-0.70 (-0.99, -0.40)
	<0.001
	-0.68 (-0.98, -0.38)
	<0.001
	-0.57 (-0.86, -0.27)
	<0.001


COIP, Chinese Ocular Imaging Project; GCIPL, ganglion cell-inner plexiform layer thickness; CKD, chronic kidney disease; MS-CKD, mild to severe CKD.
Model 1: unadjusted
Model 2: age, gender
Model 3: age and gender, body max index, inter ocular press, axis length, smoking and drinking status, systolic blood pressure, diastolic blood pressure, HbA1c, total cholesterol, high density lipoprotein, triglyceride, history of hypertension.
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