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Table S1. Serum 25(OH)D concentrations according to different VDR genotypes among patients with rosacea in the UK Biobank
	
	Serum 25(OH)D, nmol/La
	P value

	rs731236 (TaqI)
	
	

	GG, N = 59,477
	48.00 (33.50, 63.30)
	0.054

	AG, N = 177,117
	48.10 (33.60, 63.40)
	

	AA, N = 133,615
	47.90 (33.40, 63.30)
	

	rs1544410 (BsmI)
	
	

	TT, N = 61,293
	47.80 (33.40, 63.20)
	0.14

	TC, N = 178,118
	48.00 (33.60, 63.40)
	

	CC, N = 130,798
	48.00 (33.50, 63.30)
	

	rs7975232 (ApaI)
	
	

	AA, N = 103,294
	47.80 (33.40, 63.20)
	0.028

	AC, N = 184,352
	48.00 (33.60, 63.40)
	

	CC, N = 82,563
	48.10 (33.60, 63.40)
	

	rs2228570 (FokI)
	
	

	GG, N = 141,007
	47.80 (33.20, 63.20)
	<0.001

	AG, N = 174,736
	48.00 (33.70, 63.30)
	

	AA, N = 54,466
	48.40 (34.00, 63.90)
	



a. Data are presented as median (interquartile range).

	Table S2. Adjusted HRs and 95% CI for VDR Polymorphisms with rosacea in the UK Biobank study

	variables
	No. of Person-Years    
	Incident
rate   
	  Incident rosacea
	Unadjusted model
	Fully adjusted modela

	
	
	
	
	    HR (95%CI)    
	p-value
	 HR (95%CI)       
	p-value

	apal:
	              
	              
	            
	
	       
	                
	       

	    CC
	1091692
	0.420
	459 (23.7%) 
	Ref.
	Ref.
	Ref.
	Ref.

	    AC
	2438793
	0.396
	965 (49.8%) 
	0.94 [0.84;1.05]
	0.285
	0.94 [0.84;1.05]
	0.298

	    AA
	1365094
	0.377
	514 (26.5%) 
	0.90 [0.79;1.02]
	0.085
	0.90 [0.79;1.02]
	0.100

	
	
	
	
	p.trend
	0.225
	p.trend
	0.258

	bsml:
	              
	              
	            
	
	
	
	

	    CC
	1729842
	0.420
	726 (37.5%) 
	Ref.
	Ref.
	Ref.
	Ref.

	    TC
	2355647
	0.385
	907 (46.8%) 
	0.92 [0.83;1.01]
	0.083
	0.91 [0.83;1.01]
	0.071

	    TT
	810089
	0.377 
	305 (15.7%) 
	0.90 [0.78;1.03]
	0.110
	0.89 [0.78;1.02]
	0.094

	
	
	
	
	p.trend
	0.138
	p.trend
	0.117

	fokl:
	              
	              
	            
	
	
	
	

	    AA
	721352
	0.406
	293 (15.1%) 
	Ref.
	Ref.
	Ref.
	Ref.

	    AG
	2311325
	0.387
	895 (46.2%) 
	0.95 [0.84;1.09]
	0.473
	0.96 [0.84;1.09]
	0.525

	    GG
	1862901
	0.403
	750 (38.7%) 
	0.99 [0.86;1.13]
	0.883
	1.00 [0.87;1.15]
	0.988

	
	
	
	
	p.trend
	0.660
	p.trend
	0.634

	taql:
	              
	              
	            
	
	
	
	

	    AA
	1767033
	0.423
	747 (38.5%) 
	Ref.
	Ref.
	Ref.
	Ref.

	    AG
	2342267
	0.382
	895 (46.2%) 
	0.90 [0.82;1.00]
	0.042
	0.90 [0.82;0.99]
	0.032

	    GG
	786278
	0.376
	296 (15.3%) 
	0.89 [0.78;1.02]
	0.091
	0.88 [0.77;1.00]
	0.041

	
	
	
	
	p.trend
	0.079
	p.trend
	0.049


a. The model was adjusted by gender (male/female), age (sequential), average annual household gross income (<£18,000, £18,000- £30,999, £31,000- £51,999, £52,000- £100,000, >£100,000, And "not known" or missing), season of blood collection, education (CSEs or equivalent, A levels/AS levels or equivalent, College or University degree, NVQ or HND or HNC or equivalent, O levels/GCSEs or equivalent, professional qualifications, and None of the above), race (mixed-European, white, South Asian, black and others), alcohol consumption (daily, month to week or never), Townsend Deprivation Index (continuous), BMI(kilograms per square metre, continuous), smoking status (current, previous or never), physical activity (met-minutes per week,Consecutive), time out summer (hours, consecutive), insomnia (never, sometimes, or usually), and vitamin D supplementation (yes or no).
	Table S3. The joint associations of serum 25(OH)D and genetic variants in rs731236 (TaqI) with risk of rosacea.

	Serum 25OHD
	     overall     
	 Rosacea-free     
	  Incident rosacea        
	Stratified analysis of different alleles
	Base on participants with AA and severely deficient

	
	
	
	
	HRa
	p-value
	HRa
	p-value

	AA
	  N=133,615              
	   N=132,868          
	N=747           
	                
	       
	
	

	    severely deficient
	16637 (12.5%)
	16538 (12.4%)
	99 (13.3%) 
	Ref.
	Ref.
	Ref.
	Ref.

	    moderately deficient
	55161 (41.3%)
	54825 (41.3%)
	336 (45.0%)
	0.99 [0.78;1.24]
	0.904
	1.00 [0.79;1.25]
	0.965

	    insufficient
	46070 (34.5%)
	45844 (34.5%)
	226 (30.3%)
	0.80 [0.62;1.02]
	0.068
	0.80 [0.63;1.02]
	0.070

	    optimal
	15747 (11.8%)
	15661 (11.8%)
	86 (11.5%) 
	0.90 [0.67;1.22]
	0.494
	0.90 [0.67;1.20]
	0.463

	
	
	
	
	p-trend
	0.078
	/
	/

	AG
	  N=177,117              
	   N=176,222          
	N=895           
	
	
	
	

	    severely deficient
	21443 (12.1%)
	21322 (12.1%)
	121 (13.5%)
	Ref.
	Ref.
	0.93 [0.72;1.22]
	0.607

	    moderately deficient
	73193 (41.3%)
	72800 (41.3%)
	393 (43.9%)
	0.95 [0.77;1.16]
	0.603
	0.87 [0.70;1.09]
	0.225

	    insufficient
	61479 (34.7%)
	61204 (34.7%)
	275 (30.7%)
	0.80 [0.64;1.00]
	0.046
	0.73 [0.58;0.92]
	0.008

	    optimal
	21002 (11.9%)
	20896 (11.9%)
	106 (11.8%)
	0.91 [0.69;1.19]
	0.478
	0.83 [0.63;1.10]
	0.194

	
	
	
	
	p-trend
	0.109
	/
	/

	GG
	  N=59,477              
	   N=59,181          
	N=296           
	
	
	
	

	    severely deficient
	7128 (12.0%) 
	7086 (12.0%) 
	42 (14.2%) 
	Ref.
	Ref.
	0.96 [0.67;1.38]
	0.838

	    moderately deficient
	24819 (41.7%)
	24697 (41.7%)
	122 (41.2%)
	0.81 [0.56;1.15]
	0.234
	0.80 [0.61;1.04]
	0.094

	    insufficient
	20444 (34.4%)
	20334 (34.4%)
	110 (37.2%)
	0.87 [0.60;1.25]
	0.447
	0.88 [0.67;1.15]
	0.348

	    optimal
	7086 (11.9%) 
	7064 (11.9%) 
	22 (7.43%) 
	0.49 [0.29;0.84]
	0.010
	0.51 [0.32;0.81]
	0.004

	
	
	
	
	p-trend
	0.041
	p-trend
	0.005


a.HR was adjusted by gender (male/female), age (sequential), average annual household gross income (<£18,000, £18,000- £30,999, £31,000- £51,999, £52,000- £100,000, >£100,000, And "not known" or missing), season of blood collection, education (CSEs or equivalent, A levels/AS levels or equivalent, College or University degree, NVQ or HND or HNC or equivalent, O levels/GCSEs or equivalent, professional qualifications, and None of the above), race (mixed-European, white, South Asian, black and others), alcohol consumption (daily, month to week or never), Townsend Deprivation Index (continuous), BMI(kilograms per square metre, continuous), smoking status (current, previous or never), physical activity (met-minutes per week,Consecutive), time out summer (hours, consecutive), insomnia (never, sometimes, or usually), and vitamin D supplementation (yes or no).
	Table S4. Interaction effect between serum 25OHD and sex, age, body mass index, sleeplessness, 25OHD supplement, and VDR Polymorphisms

	Characteristic
	HRa
	95% CI
	p-value

	vitd_log * BMI
	1.00
	0.99, 1.01
	0.845

	vitd_log * Age_at_recruitment
	1.00
	0.99, 1.01
	0.632

	vitd_log * sex
	0.86
	0.75, 0.99
	0.032

	vitd_log * time_out_summer
	1.01
	0.98, 1.04
	0.435

	vitd_log * sleeplessness
	
	
	0.360

	vitd_log * sometimes
	1.04
	0.87, 1.23
	

	vitd_log * usually
	1.13
	0.94, 1.36
	

	vitd_log *25OHD supplement
	1.05
	0.86, 1.27
	0.626

	vitd_log * physical activity level
	1.00
	1.00, 1.00
	0.210

	vitd_log * taql
	
	
	0.859

	vitd_log * AG
	1.01
	0.51, 1.97
	

	vitd_log * AA
	0.87
	0.39, 1.98
	

	vitd_log * apal
	
	
	0.587

	vitd_log * AC
	0.90
	0.72, 1.12
	

	vitd_log * CC
	0.96
	0.71, 1.29
	

	vitd_log * bsml
	
	
	0.874

	vitd_log * TC
	1.18
	0.60, 2.32
	

	vitd_log * CC
	1.24
	0.54, 2.86
	

	vitd_log * fokl
	
	
	0.344

	vitd_log * AG
	1.10
	0.95, 1.26
	

	vitd_log * AA
	1.13
	0.92, 1.37
	


a.The model was adjusted by age (sequential), average annual household gross income (<£18,000, £18,000- £30,999, £31,000- £51,999, £52,000- £100,000, >£100,000, And "not known" or missing), season of blood collection, education (CSEs or equivalent, A levels/AS levels or equivalent, College or University degree, NVQ or HND or HNC or equivalent, O levels/GCSEs or equivalent, professional qualifications, and None of the above), race (mixed-European, white, South Asian, black and others), alcohol consumption (daily, month to week or never), Townsend Deprivation Index (continuous), BMI(kilograms per square metre, continuous), smoking status (current, previous or never), physical activity (met-minutes per week, Consecutive), time out summer (hours, consecutive), insomnia (never, sometimes, or usually), and vitamin D supplementation (yes or no).

	Table S5. Stratified analyses of the associations between serum 25(OH)D concentrations and rosacea by sex, age, BMI, sleeplessness, Physical activity level, and 25OHD supplement.

	Variable
	Serum 25(OH)D concentrations (nmol/L)
	p-trend

	
	severely deficient
	moderately deficient
	insufficient
	optimal
	

	sex
	
	
	
	
	

	male
	117 (14.5%)
	375 (46.5%)
	235 (29.1%)
	80(9.9%)
	

	
	Ref.  
	0.92[0.74;1.13]
	0.68 [0.54;0.86]
	0.68 [0.51;0.92]
	<0.001

	female
	145 (12.8%)
	476 (42.1%)
	376 (33.3%)
	134(11.8%)
	

	
	Ref.
	0.96 [0.80;1.16]
	0.91 [0.75;1.11]
	0.95 [0.75;1.22]
	0.803

	Age_at_recruitment, years
	
	
	
	
	

	young
	177 (15.9%)
	494 (44.4%)
	336 (30.2%)
	106 (9.52%)
	

	
	Ref.  
	0.89 [0.75;1.07]
	0.80 [0.67;0.97]
	0.74 [0.57;0.95]
	0.047

	old
	85 (10.3%)
	357 (43.3%)
	275 (33.3%)
	108 (13.1%)
	

	
	Ref.
	1.02 [0.80;1.29]
	0.82 [0.64;1.06]
	0.96 [0.72;1.29]
	0.069

	BMI, kg/m2
	
	
	
	
	

	< 30
	161 (11.3%)
	605 (42.4%)
	482 (33.8%)
	178 (12.5%)
	

	
	Ref.  
	0.99 [0.83;1.18]
	0.84 [0.69;1.01]
	0.83 [0.67;1.04]
	0.022

	≥30
	101 (19.7%)
	246 (48.0%)
	129 (25.2%)
	36 (7.03%)
	

	
	Ref.
	0.87 [0.68;1.09]
	0.77 [0.59;1.01]
	0.94 [0.64;1.39]
	0.291

	Physical activity level
	
	
	
	
	

	<120 MET minutes/week
	252 (13.9%)
	798 (44.1%)
	569 (31.5%)
	189 (10.5%)
	

	
	Ref.  
	0.92 [0.80;1.07]
	0.80 [0.69;0.93]
	0.79 [0.65;0.97]
	0.008

	≥120 MET-minutes/week
	10 (7.69%)
	53 (40.8%)
	42 (32.3%)
	25 (19.2%)
	

	
	Ref.
	1.37 [0.69;2.73]
	1.05 [0.51;2.16]
	1.56 [0.72;3.36]
	0.342

	Sleeplessness
	
	
	
	
	

	never
	59 (13.8%)
	186 (43.7%)
	144 (33.8%)
	37 (8.69%)
	

	
	Ref.  
	0.90 [0.67;1.21]
	0.83 [0.60;1.14]
	0.62 [0.40;0.95]
	0.120

	sometimes
	121 (13.3%)
	415 (45.7%)
	276 (30.4%)
	97 (10.7%)
	

	
	Ref.
	0.97 [0.79;1.19]
	0.78 [0.62;0.97]
	0.83 [0.63;1.09]
	0.021

	usually
	82 (13.6%)
	250 (41.5%)
	191 (31.7%)
	80 (13.3%)
	

	
	Ref.
	0.92 [0.72;1.19]
	0.85 [0.65;1.11]
	1.01 [0.73;1.39]
	0.492

	25OHD supplement
	
	
	
	
	

	yes
	23 (6.63%)
	116 (33.4%)
	146 (42.1%)
	62 (17.9%)
	

	
	Ref.  
	0.82 [0.52;1.29]
	0.81 [0.51;1.27]
	0.86 [0.52;1.42]
	0.805

	no
	239 (15.0%)
	735 (46.2%)
	465 (29.2%)
	152 (9.55%)
	

	
	Ref.
	0.96 [0.83;1.12]
	0.81 [0.69;0.95]
	0.81 [0.66;1.00]
	0.007


a.HR was adjusted by gender (male/female), age (sequential), average annual household gross income (<£18,000, £18,000- £30,999, £31,000- £51,999, £52,000- £100,000, >£100,000, And "not known" or missing), season of blood collection, education (CSEs or equivalent, A levels/AS levels or equivalent, College or University degree, NVQ or HND or HNC or equivalent, O levels/GCSEs or equivalent, professional qualifications, and None of the above), race (mixed-European, white, South Asian, black and others), alcohol consumption (daily, month to week or never), Townsend Deprivation Index (continuous), BMI(kilograms per square metre, continuous), smoking status (current, previous or never), physical activity (met-minutes per week,Consecutive), time out summer (hours, consecutive), insomnia (never, sometimes, or usually), and vitamin D supplementation (yes or no). The strata variable was not included in the model when stratifying by itself.




	Table S6. Multivariable-adjusted HRs (95% CIs) for associations between serum 25OHD concentrations and rosacea according to different sex among participants younger than 60 years old.

	Serum 25OHD

	Male
	Female

	
	No. of Person-Years
	Incident
rate
	Incident rosacea
	Fully adjusted modela
	No. of Person-Years
	Incident
rate
	Incident rosacea
	Fully adjusted modela

	
	
	
	
	HR(95%CI)
	P
	
	
	
	HR(95%CI)
	P

	25OHD (nmol/L)
	
	
	
	
	
	
	
	
	
	

	severely deficient
	183471
	0.39
	72 (18.5%)
	ref
	ref
	212773
	0.49
	105 (14.5%)
	ref
	ref

	moderately deficient
	551434
	0.34
	188 (48.2%)
	0.86
[0.64;1.10]
	0.274
	645811
	0.47
	306 (42.3%)
	0.93 [0.74;1.16]
	0.509

	insufficient
	392608
	0.25
	98 (25.1%)
	0.63 [0.46;0.86]
	0.004
	496493
	0.48
	238 (32.9%)
	0.92 [0.73;1.17]
	0.503

	Optimal
	129110
	0.25
	32(8.2%)
	0.63 [0.41;0.98]
	0.038
	175074
	0.42
	74
(10.3%)
	0.81 [0.59;1.10]
	0.179

	
	
	
	
	p-trend
	0.012
	
	
	
	p-trend
	0.602

	vitd quantile (nmol/L)
	
	
	
	
	
	
	
	
	
	

	q1 (< 33.5)
	363706
	0.38
	139 (35.6%)
	ref
	ref
	423241
	0.50
	211 (29.2%)
	ref
	ref

	q2 (33.5 to 48.0)
	326078
	0.33
	108 (27.7%)
	0.85 [0.66;1.10]
	0.229
	383794
	0.45
	174 (24.1%)
	0.89 [0.72;1.09]
	0.246

	q3 (48.0 to 63.4)
	296448
	0.27
	79 (20.3%)
	0.69 [0.52;0.92]
	0.010
	361668
	0.48
	174 (24.1%)
	0.93 [0.76;1.14]
	0.485

	q4 (> 63.4)
	270390
	0.24
	64 (16.4%)
	0.62 [0.45;0.84]
	0.002
	361449
	0.45
	164 (22.6%)
	0.87 [0.70;1.08]
	0.207

	
	
	
	
	p-trend
	0.008
	
	
	
	p-trend
	0.570

	Vitd_log, per SD (mmol/L)
	1256622
	0.31
	390
	0.79 [0.68;0.92]
	0.002
	1530152
	0.47
	723
	0.92 [0.82;1.03]
	0.147


a.The model was adjusted by average annual household gross income (<£18,000, £18,000- £30,999, £31,000- £51,999, £52,000- £100,000, >£100,000, And "not known" or missing), season of blood collection, education (CSEs or equivalent, A levels/AS levels or equivalent, College or University degree, NVQ or HND or HNC or equivalent, O levels/GCSEs or equivalent, professional qualifications, and None of the above), race (mixed-European, white, South Asian, black and others), alcohol consumption (daily, month to week or never), Townsend Deprivation Index (continuous), BMI(kilograms per square metre, continuous), smoking status (current, previous or never), physical activity (met-minutes per week,Consecutive), time out summer (hours, consecutive), insomnia (never, sometimes, or usually), and vitamin D supplementation (yes or no).


	Table S7. Multivariable-adjusted HRs (95% CIs) for associations between VDR Polymorphisms and rosacea according to different sex.

	VDR Polymorphisms
	male
	Female

	
	No. of Person-Years
	Incident
rate
	Incident rosacea
	Fully adjusted modela
	No. of Person-Years
	Incident
rate
	Incidnt rosacea
	Fully adjusted modela

	
	
	
	
	HR(95%CI)
	P
	
	
	
	HR(95%CI)
	P

	apal, n (%)
	
	
	
	
	
	
	
	
	
	

	CC
	1549055
	0.38
	195
(24.2%)
	ref
	ref
	581104
	0.45
	264 (23.3%)
	ref
	ref

	AC
	1142464
	0.35
	405 (50.2%)
	0.93 [0.78;1.10]
	0.399
	1296329
	0.43
	560 (49.5%)
	0.95 [0.82;1.10]
	0.524

	AA
	639448
	0.32
	207 (25.7%)
	0.85 [0.70;1.03]
	0.099
	725646
	0.42
	307 (27.1%)
	0.94 [0.80;1.11]
	0.455

	
	
	
	
	p-trend
	0.253
	
	
	
	p-trend
	0.738

	bsml, n (%)
	
	
	
	
	
	
	
	
	
	

	CC
	807579
	0.37
	300 (37.2%)
	ref
	ref
	922263
	0.46
	426 (37.7%)
	ref
	ref

	TC
	1104555
	0.35
	381 (47.2%)
	0.93 [0.80;1.08]
	0.326
	1251092
	0.42
	526 (46.5%)
	0.90 [0.80;1.03]
	0.121

	TT
	380365
	0.33
	126 (15.6%)
	0.89 [0.72;1.09]
	0.269
	429724
	0.42
	179 (15.8%)
	0.89 [0.75;1.07]
	0.211

	
	
	
	
	p-trend
	0.459
	
	
	
	p-trend
	0.242

	fokl, n (%)
	
	
	
	
	
	
	
	
	
	

	AA
	337669
	0.39
	131 (16.2%)
	ref
	ref
	383683
	0.42
	162 (14.3%)
	ref
	ref

	AG
	1085115
	0.32
	351 (43.5%)
	0.83 [0.68;1.02]
	0.075
	1226210
	0.44
	544 (48.1%)
	1.06 [0.89;1.26]
	0.524

	GG
	869714
	0.37
	325 (40.3%)
	0.96 [0.79;1.18]
	0.714
	993186
	0.43
	425 (37.6%)
	1.03 [0.86;1.23]
	0.754

	
	
	
	
	p-trend
	0.086
	
	
	
	p-trend
	0.791

	taql, n (%)
	
	
	
	
	
	
	
	
	
	

	AA
	825356
	0.38
	314 (38.9%)
	ref
	ref
	941677
	0.46
	433 (38.3%)
	ref
	ref

	AG
	1098562
	0.34
	374 (46.3%)
	0.89 [0.77;1.04]
	0.142
	1243705
	0.42
	521 (46.1%)
	0.90 [0.79;1.03]
	0.116

	GG
	368581
	0.32
	119 (14.7%)
	0.85 [0.69;1.05]
	0.124
	417697
	0.42
	177 (15.6%)
	0.91 [0.76;1.08]
	0.291

	
	
	
	
	p-trend
	0.197
	
	
	
	p-trend
	0.263


a.The model was adjusted by age (sequential), average annual household gross income (<£18,000, £18,000- £30,999, £31,000- £51,999, £52,000- £100,000, >£100,000, And "not known" or missing), season of blood collection, education (CSEs or equivalent, A levels/AS levels or equivalent, College or University degree, NVQ or HND or HNC or equivalent, O levels/GCSEs or equivalent, professional qualifications, and None of the above), race (mixed-European, white, South Asian, black and others), alcohol consumption (daily, month to week or never), Townsend Deprivation Index (continuous), BMI(kilograms per square metre, continuous), smoking status (current, previous or never), physical activity (met-minutes per week,Consecutive), time out summer (hours, consecutive), insomnia (never, sometimes, or usually), and vitamin D supplementation (yes or no).

Table S8. Association of serum 25OHD with incident rosacea in participants with male and with GG allele of rs731236 (TaqI).
	variables
	     overall     
	 Rosacea-free 
	  Incident rosacea  
	       HRa                 
	p-value       
	p.trend     

	
	   N=28095   
	   N=27976   
	   N=119   
	
	
	

	serum_25OHD:
	             
	             
	           
	                
	       
	 0.260 

	    severely deficient
	3325 (11.8%) 
	3304 (11.8%) 
	21 (17.6%) 
	Ref.
	Ref.
	

	    moderately deficient
	11818 (42.1%)
	11771 (42.1%)
	47 (39.5%) 
	0.62 [0.36;1.05]
	0.076
	

	    insufficient
	9643 (34.3%) 
	9603 (34.3%) 
	40 (33.6%) 
	0.62 [0.35;1.09]
	0.100
	

	    optimal
	3309 (11.8%) 
	3298 (11.8%) 
	11 (9.24%) 
	0.50 [0.23;1.06]
	0.072
	

	vitd_quantile:
	             
	             
	           
	
	
	0.527

	q1 (< 33.5)
	6957 (24.8%) 
	6921 (24.7%) 
	36 (30.3%) 
	Ref.
	Ref.
	

	q2 (33.5 to 48.0)
	7173 (25.5%) 
	7144 (25.5%) 
	29 (24.4%) 
	0.76 [0.46;1.26]
	0.291
	

	q3 (48.0 to 63.4)
	7029 (25.0%) 
	7001 (25.0%) 
	28 (23.5%) 
	0.74 [0.44;1.24]
	0.251
	

	q4 (> 63.4)
	6936 (24.7%) 
	6910 (24.7%) 
	26 (21.8%) 
	0.69 [0.40;1.17]
	0.170
	

	vitd_log
	 5.49 (0.66) 
	 5.49 (0.66) 
	5.38 (0.75)
	0.76 [0.57;1.00]
	 0.051 
	 0.051


a.The model was adjusted by age (sequential), average annual household gross income (<£18,000, £18,000- £30,999, £31,000- £51,999, £52,000- £100,000, >£100,000, And "not known" or missing), season of blood collection, education (CSEs or equivalent, A levels/AS levels or equivalent, College or University degree, NVQ or HND or HNC or equivalent, O levels/GCSEs or equivalent, professional qualifications, and None of the above), race (mixed-European, white, South Asian, black and others), alcohol consumption (daily, month to week or never), Townsend Deprivation Index (continuous), BMI(kilograms per square metre, continuous), smoking status (current, previous or never), physical activity (met-minutes per week,Consecutive), time out summer (hours, consecutive), insomnia (never, sometimes, or usually), and vitamin D supplementation (yes or no).

Table S9. Sensitivity analysis for exclusion criteria
	variables
	excluding outcomes occurred within 2 years of follow up
	further adjustment of vitamin D supplements
	further adjustment of sleeplessness status

	
	 HRa (95%CI)       
	p-value
	 HRa (95%CI)       
	p-value
	 HRa (95%CI)       
	p-value

	Serum 25OHD:
	                
	       
	                
	       
	                
	       

	   severely deficient
	      Ref.      
	 Ref.  
	      Ref.      
	 Ref.  
	      Ref.      
	 Ref.  

	   moderately deficient
	0.91 [0.78;1.06]
	 0.225 
	0.94 [0.80;1.10]
	 0.426 
	0.92 [0.76;1.11]
	 0.385 

	   insufficient
	0.82 [0.70;0.97]
	 0.018 
	0.81 [0.68;0.97]
	 0.020
	0.78 [0.63;0.96]
	 0.020 

	   optimal
	0.76 [0.61;0.93]
	 0.009
	0.71 [0.56;0.90]
	 0.005
	0.67 [0.51;0.90]
	 0.007

	
	p.trend
	0.024
	p.trend
	0.006
	p.trend
	0.009

	vitd_quantile:
	
	
	
	
	
	

	q1 (< 33.5)
	      Ref.      
	 Ref.  
	      Ref.      
	 Ref.  
	      Ref.      
	 Ref.  

	q2 (33.5 to 48.0)
	0.88 [0.76;1.00]
	 0.055
	0.90 [0.78;1.04]
	 0.168
	0.83 [0.70;0.99]
	 0.035

	q3 (48.0 to 63.4)
	0.86 [0.75;0.99]
	 0.038 
	0.86 [0.74;1.00]
	 0.044 
	0.80 [0.66;0.95]
	 0.013

	q4 (> 63.4)
	0.77 [0.66;0.89]
	 <0.001 
	0.74 [0.63;0.87]
	 <0.001 
	0.71 [0.59;0.86]
	 <0.001 

	
	p.trend
	0.005
	p.trend
	0.003
	p.trend
	0.004

	vitd_log
	0.87 [0.81;0.94]
	<0.001 
	0.86 [0.79;0.94]
	<0.001 
	0.84 [0.76;0.93]
	<0.001 


a.The model was adjusted by gender (male/female), age (sequential), average annual household gross income (<£18,000, £18,000- £30,999, £31,000- £51,999, £52,000- £100,000, >£100,000, And "not known" or missing), season of blood collection, education (CSEs or equivalent, A levels/AS levels or equivalent, College or University degree, NVQ or HND or HNC or equivalent, O levels/GCSEs or equivalent, professional qualifications, and None of the above), race (mixed-European, white, South Asian, black and others), alcohol consumption (daily, month to week or never), Townsend Deprivation Index (continuous), BMI(kilograms per square metre, continuous), smoking status (current, previous or never), physical activity (met-minutes per week,Consecutive), time out summer (hours, consecutive), insomnia (never, sometimes, or usually), and vitamin D supplementation (yes or no). The strata variable was not included in the model when adjusted by itself.
















	Table S11. Mendelian randomization analyses for the association of serum 25OHD concentration with rosacea.
	

	Exposure
	Outcome
	Number of SNPs
	Method
	β
	Standard error
	P
	OR (95%CI)

	Serum 25OHD concentration
(id: GCST010144)
	Rosacea
(id: finn-b-L12_ROSACEA)
	92
	MR Egger
	-0.43772
	0.18023
	0.01714
	0.65 (0.45-0.92)

	
	
	
	Weighted median
	-0.39568
	0.20080
	0.04878
	0.67 (0.46-0.99)

	
	
	
	Inverse variance weighted
	-0.28305
	0.13681
	0.03856
	0.75 (0.57-0.99)

	
	
	
	maximum likelihood
	-0.28346
	0.13704
	0.03859
	0.75 (0.58-0.99)

	
	
	
	Weighted mode
	-0.38646
	0.17434
	0.02914
	0.68 (0.49-0.94)

	Serum 25OHD concentration
(id: ebi-a-GCST90000615)
	Rosacea
(id: finn-b-L12_ROSACEA)
	110
	MR Egger
	-0.27479
	0.18177
	0.13352
	0.76 (0.53-1.08)

	
	
	
	Weighted median
	-0.38317
	0.19933
	0.05457
	0.68 (0.46-1.00)

	
	
	
	Inverse variance weighted
	-0.24673
	0.13745
	0.07263
	0.78 (0.60-1.02)

	
	
	
	maximum likelihood
	-0.24804
	0.13777
	0.07180
	0.78 (0.60-1.02)

	
	
	
	Weighted mode
	-0.31318
	0.16264
	0.05676
	0.73 (0.53-1.01)


SNPs: single nucleotide polymorphisms.









Table S12. Test for heterogeneity in Mendelian randomization analysis.
	Exposure
	Outcome
	Method
	Q statistics
	df
	Q_P

	Serum 25OHD concentration
(id: GCST010144)
	Rosacea
(id: finn-b-L12_ROSACEA)
	MR Egger
	74.25096
	90
	0.884896

	
	
	Inverse variance weighted
	75.98914
	91
	0.870838

	Serum 25OHD concentration
(id: ebi-a-GCST90000615)
	Rosacea
(id: finn-b-L12_ROSACEA)
	MR Egger
	107.9951
	108
	0.482034

	
	
	Inverse variance weighted
	108.0507
	109
	0.507689




Table S13. Test for horizontal pleiotropy in Mendelian randomization analysis.
	Exposure
	Outcome
	Egger intercept
	Standard error
	P

	Serum 25OHD concentration (id: GCST010144)
	Rosacea (id: finn-b-L12_ROSACEA)
	0.009677
	0.00734
	0.190714

	Serum 25OHD concentration (id: ebi-a-GCST90000615)
	Rosacea (id: finn-b-L12_ROSACEA)
	0.001528
	0.006478
	0.814001
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Figure S1. Flowchart for the Selection of the Analysed Study Sample from the UK Biobank Study.
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Figure S2. Associations of serum 25(OH)D concentrations with risks of rosacea in the UK Biobank. The model was adjusted by gender (male/female), age (sequential), average annual household gross income (<£18,000, £18,000- £30,999, £31,000- £51,999, £52,000- £100,000, >£100,000, And "not known" or missing), education (CSEs or equivalent, A levels/AS levels or equivalent, College or University degree, NVQ or HND or HNC or equivalent, O levels/GCSEs or equivalent, professional qualifications, and None of the above), race (mixed-European, white, South Asian, black and others), alcohol consumption (daily, month to week or never), Townsend Deprivation Index (continuous), BMI(kilograms per square metre, continuous), smoking status (current, previous or never), physical activity (met-minutes per week, Consecutive), time out summer (hours, consecutive), insomnia (never, sometimes, or usually), and vitamin D supplementation (yes or no). 
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Figure S3. Cumulative risk curve for incident rosacea between different serum 25OHD categories.
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