SUPPLEMENTARY METHODS

Study population 
The European Prospective Investigation into Cancer and Nutrition (EPIC) study recruited over 520,000 participants from the general population in 10 Western European countries between 1992 and 1998, and blood samples were collected from most participants at recruitment prior to cancer onset or diagnosis [1, 2].  After exclusions (56 cases for missing matching information, 31 cases for missing 25(OH)D data for the case-control set), 1,248 first incident CRC cases were identified, and 1,248 cancer-free controls were matched using incidence density sampling with respect to age, sex, study center, date of blood draw, time of day and fasting status at blood draw, and, among women, menopausal status, phase of menstrual cycle, and hormone replacement therapy at blood draw [3].  
The Cancer Prevention Study-II (CPS-II) recruited 184,194 men and women from 21 US states between 1992 and 1993, and blood samples were collected prior to cancer diagnosis among 39,380 participants between 1998 and 2001[4].  After exclusions (10 for missing matching information, 10 non-whites), 288 incident CRC cases were identified, and 288 cancer-free controls were matched using incidence density sampling with respect to age, sex, and date of blood draw [5].  
The Nurses’ Health Study (NHS) enrolled 121,701 US female nurses in 1976.  Blood specimens were collected from 32,826 women between 1989 and 1990 [6].  Among those with available blood specimens, 378 incident CRC cases were identified and matched to 713 controls using incidence density sampling with respect to age and month/year of blood draw [7].  This NHS sample includes 15 non-white participants (8 cases, 7 controls) who were included in our primary analyses in order to be consistent with prior NHS studies that investigated the 25(OH)D-CRC association among participants in the same matched set [7].  In sensitivity analyses, excluding these non-white participants did not materially affect the results.  Additional details concerning the study population, case ascertainment, and data collection for EPIC [1, 2], CPS-II [4, 8], and NHS [6, 7] were previously published.  
Of the combined 1,914 CRC cases and 2,249 matched controls from the above-described case-control studies nested within EPIC, CPS-II, and NHS [3, 5, 7], 1,710 cases and 1,649 controls had relevant genotyping information at the GC locus and were included in this analysis.

Calibration of 25(OH)D measurements 

For each study that previously measured 25(OH)D concentrations, individual 25(OH)D concentrations were first calibrated to the same assay used for the newly measured studies (direct, competitive chemiluminescence immunoassay at Heartland Assays, LLC) according to the equation:

where the estimates and were obtained by regressing Heartland Assays 25(OH)D on the original 25(OH)D values for 29 calibration samples, described previously [9].  In each study, approximately three control participants were selected within each decile of the study-specific 25(OH)D distribution to serve as calibration samples and were re-assayed at Heartland Assays.  Variances for the continuous 25(OH)D measurements were increased to account for laboratory error in the calibration process; variances for the categorical analyses did not need to be similarly adjusted.  In CPS-II, in which the 25(OH)D concentrations were newly measured for this project by Heartland Assays, no calibration was required. 
	Each assay batch included blinded quality control samples from individual studies and National Institute of Standards and Technology (NIST) standard reference materials.  Coefficients of variation, including within- and between-batch variability, were 5%–13% for the study-specific quality controls. 
Seasonal adjustment of 25(OH)D measurements
Calibrated 25(OH)D measurements were seasonally-adjusted using the method described by Gail et al. [9].  To remove variation in circulating 25(OH)D due to season of blood collection, individual residuals were calculated from the following study-specific sin/cosin function fitted to controls: 
{γ0 + γ1sin(2πt/52) + γ2cos(2πt/52) + γ3sin(4πt/52) + γ4cos(4πt/52)}
where t = week of blood draw (1, 2, … 52).  Residuals from the model were added to the study-specific mean 25(OH)D concentration among controls averaged over the entire year.  The adjusted value may be interpreted as a participant’s predicted 25(OH)D concentration averaged over the entire year, accounting for study-specific seasonal-variation in 25(OH)D concentrations.
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SUPPLEMENTARY TABLES

	Supplementary Table 1. Distribution of tumor characteristics for colorectal cancer cases in the EPIC, CPS-II and NHS cohort studies 

	
	Study

	Tumor characteristic 
	EPIC (n=1,106)
	 
	CPS-II (n=246)
	 
	NHS (n=358)

	Sitea
	
	
	
	
	

	
	Distal colon
	336 (30)
	
	63 (26)
	
	106 (27)

	
	Proximal colon
	289 (26)
	
	146 (59)
	
	191 (49)

	
	Rectum
	410 (37)
	
	26 (11)
	
	78 (20)

	
	Missing/not specified
	71 (6)
	
	11 (4)
	
	16 (4)

	Stage
	
	
	
	
	

	
	I
	274 (25)
	
	105 (43)
	
	85 (22)

	
	II 
	216 (20)
	
	45 (18)
	
	113 (29)

	
	III 
	334 (30)
	
	54 (22)
	
	85 (22)

	
	IV
	109 (10)
	
	27 (11)
	
	57 (14)

	
	Missing/not specified
	173 (15)
	
	15 (6)
	
	51 (13)

	aDistal colon includes malignant neoplasms of the cecum, appendix, ascending colon, hepatic flexure and transverse colon (ICD-10 codes 18.0-18.4); proximal colon cancer includes malignant neoplasms of the splenic flexure, descending colon and sigmoid colon; missing/not-specific includes participants with ICD-10 codes indicating unspecific or overlapping colorectal neoplasm locations (18.8-18.9) or that were missing ICD-10 code information. 












	Supplementary Table 2.  Associations of vitamin D binding protein (DBP) isoforms with circulating seasonally-adjusted 25(OH)D concentrations (nmol/L) in the EPIC, CPS-II, and NHS cohorts

	
	EPIC 
	 
	CPS-II 
	
	NHS 

	DBP isoforms (rs4588 genotype)_
	No.
	Estimated meana
	95% CI 
	P
	 
	No. 
	Estimated meana
	95% CI 
	P
	
	No. 
	Estimated meana
	95% CI 
	P

	DBP1-1 (CC)
	928
	43.1
	41.9
	44.2
	Ref
	
	258
	62.9
	60.1
	65.7
	Ref
	
	570
	69.2
	67.0
	71.4
	Ref

	DBP1-2 (CA)
	733
	40.8
	39.5
	42.0
	0.002
	
	173
	61.5
	58.1
	65.0
	0.54
	
	402
	55.5
	50.2
	60.7
	<0.001

	DBP2-2 (AA)
	164
	37.5
	35.1
	39.9
	<0.001
	
	32
	64.3
	56.5
	72.2
	0.75
	
	99
	63.6
	61.0
	66.2
	0.001

	Abbreviations:  25(OH)D, 25-hydroxyvitamin D; CI, confidence interval; CPS-II, Cancer Prevention Study-II; DBP, vitamin D-binding protein; EPIC, European Prospective Investigation into Cancer and Nutrition; NHS, Nurses’ Health Study

	a Least squares means estimated in linear regression models adjusted for age (continuous), sex, study center (for EPIC models) and case-control status.













	


Supplementary Table 3.  Study-specific incidence rate ratio (RR) for colorectal cancer according to vitamin D status and functional vitamin D-binding protein (DBP) isoforms in the EPIC, CPS-II, and NHS cohorts

	Study
	DBP1-1 (rs4588 CC)b
	 
	DBP1-2 or DBP2-2 (rs4588 CA or AA)c

	 
	25(OH)D concentration (IOM-defined vitamin D status)
	No. cases
	No. controls
	RRd
	95% CI
	 
	No. cases
	No. controls
	RRd
	95% CI

	EPIC 
	
	
	
	
	
	
	
	
	
	
	

	
	<30 nmol/L (Deficient) 
	126
	84
	1.00 (ref)
	
	
	
	193
	86
	1.00 (ref)
	
	

	
	30-<50 nmol/L (Insufficient)
	295
	169
	1.28
	0.88
	1.85
	
	247
	172
	0.75
	0.53
	1.08

	
	50-<75 (Sufficient) 
	125
	95
	0.99
	0.64
	1.53
	
	81
	83
	0.49
	0.31
	0.77

	
	≥ 75 nmol/L (Beyond sufficient) 
	23
	11
	1.13
	0.47
	2.75
	
	16
	19
	0.42
	0.19
	0.93

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	<30 nmol/L (Deficient) 
	126
	84
	1.00 (ref)
	
	
	
	193
	86
	1.00 (ref)
	
	

	
	30-<50 nmol/L (Insufficient)
	295
	169
	1.28
	0.88
	1.85
	
	247
	172
	0.75
	0.53
	1.08

	
	≥ 50 nmol/L (Sufficient)
	148
	106
	1.01
	0.66
	1.54
	
	97
	102
	0.48
	0.31
	0.73

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	< 50 nmol/L (Non-sufficient)  
	421
	253
	1.00 (ref)
	
	
	
	440
	258
	1.00 (ref)
	
	

	 
	≥ 50 nmol/L (Sufficient) 
	148
	106
	0.89
	0.63
	1.20
	 
	97
	102
	0.54
	0.40
	0.77

	CPS-II
	
	
	
	
	
	
	
	
	
	
	

	
	<30 nmol/L (Deficient) 
	7
	4
	1.00 (ref)
	
	
	
	10
	4
	1.00 (ref)
	
	

	
	30-<50 nmol/L (Insufficient)
	38
	29
	0.80
	0.20
	3.24
	
	26
	25
	0.39
	0.10
	1.44

	
	50-<75 (Sufficient) 
	59
	58
	0.59
	0.15
	2.24
	
	53
	34
	0.58
	0.16
	2.05

	
	≥ 75 nmol/L (Beyond sufficient) 
	28
	35
	0.49
	0.12
	1.97
	
	25
	28
	0.31
	0.08
	1.18

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	<30 nmol/L (Deficient) 
	7
	4
	1.00 (ref)
	
	
	
	10
	4
	1.00 (ref)
	
	

	
	30-<50 nmol/L (Insufficient)
	38
	29
	0.80
	0.20
	3.24
	
	26
	25
	0.40
	0.11
	1.47

	
	≥ 50 nmol/L (Sufficient)
	87
	93
	0.55
	0.15
	2.08
	
	78
	62
	0.47
	0.14
	1.63

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	< 50 nmol/L (Non-sufficient)  
	45
	33
	1.00 (ref)
	
	
	
	36
	29
	1.00 (ref)
	
	

	 
	≥ 50 nmol/L (Sufficient) 
	87
	93
	0.78
	0.41
	1.34
	
	78
	62
	0.59
	0.30
	1.14

	NHS 
	
	
	
	
	
	
	
	
	
	
	

	
	<30 nmol/L (Deficient) 
	11
	16
	1.00 (ref)
	
	
	
	15
	17
	1.00 (ref)
	
	

	
	30-<50 nmol/L (Insufficient)
	53
	69
	0.95
	0.39
	2.33
	
	47
	88
	0.57
	0.25
	1.30

	
	50-<75 (Sufficient) 
	82
	135
	0.83
	0.35
	1.99
	
	57
	149
	0.43
	0.19
	0.97

	
	≥ 75 nmol/L (Beyond sufficient) 
	54
	150
	0.43
	0.18
	1.05
	
	39
	89
	0.42
	0.18
	1.00

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	<30 nmol/L (Deficient) 
	11
	16
	1.00 (ref)
	
	
	
	15
	17
	1.00 (ref)
	
	

	
	30-<50 nmol/L (Insufficient)
	53
	69
	0.93
	0.38
	2.28
	
	47
	88
	0.53
	0.23
	1.22

	
	≥ 50 nmol/L (Sufficient)
	136
	285
	0.62
	0.27
	1.44
	
	96
	238
	0.42
	0.19
	0.93

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	< 50 nmol/L (Non-sufficient)  
	64
	85
	1.00 (ref)
	
	
	
	62
	105
	1.00 (ref)
	
	

	 
	≥ 50 nmol/L (Sufficient) 
	136
	285
	0.66
	0.44
	0.99
	 
	96
	238
	0.71
	0.47
	1.06

	Abbreviations:  25(OH)D, 25-hydroxyvitamin D; CI, confidence interval; CPS-II, Cancer Prevention Study-II; DBP, vitamin D-binding protein; EPIC, European Prospective Investigation into Cancer and Nutrition; IOM, Institute of Medicine; NHS, Nurses’ Health Study; RR, incidence rate ratio  
a 25(OH)D blood concentrations seasonally-adjusted using the method described by Gail et al. (PMCID: PMC4853926).
	
	
	

	b Participants with no minor allele at GC-rs4588 (rs4588*CC genotype) were defined as not having the DBP2 isoform (or only DBP1 isoforms)
	
	
	

	c Participants with minor allele at GC-rs4588 (rs4588*CA or rs4588*AA genotypes) were defined as having the DBP2 isoform.
	
	
	

	d Study-specific RRs and 95% CIs estimated in unconditional logistic regression models adjusted for study-specific matching factors, BMI (continuous, kg/m2), and physical activity (combined recreational and household activity MET-hours/week, quartiles).
	
	
	



















	[bookmark: _GoBack]Supplementary Table 4.  Study heterogeneity for the meta-analytic incidence rate ratios (RR) of colorectal cancer according to vitamin D status and functional vitamin D-binding protein (DBP) isoforms in the EPIC, CPS-II, and NHS cohorts

	

	 
	 
	 
	DBP1-1 (rs4588 CC)b
	 
	DBP1-2 or DBP2-2 (rs4588 CA or AA)c

	25(OH)D concentration 
(IOM-defined vitamin D status)a
	No. cases
	No. controls
	RR (95% CI)d
	I2
	Pheterogeneity by study 
	
	No. cases
	No. controls
	RR (95% CI)d
	I2
	Pheterogeneity by study

	<30 nmol/L (Deficient)
	144
	104
	1.00 (ref)
	
	
	
	218
	107
	1.00 (ref)
	
	

	30-<50 nmol/L (Insufficient)
	386
	267
	1.20 (0.86 to 1.67)
	0.0
	0.70
	
	320
	285
	0.69 (0.51 to 0.95)
	0.0
	0.57

	50-<75 nmol/L (Sufficient)
	266
	288
	0.92 (0.63 to 1.34)
	0.0
	0.75
	
	191
	266
	0.44 (0.27 to 0.73)
	0.0
	0.91

	≥75 nmol/L (Beyond sufficient)
	105
	196
	0.66 (0.37 to 1.16)
	20.1
	0.29
	
	80
	136
	0.40 (0.23 to 0.68)
	0.0
	0.92

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	<30 nmol/L (Deficient) 
	144
	104
	1.00 (ref)
	
	
	
	218
	107
	1.00 (ref)
	
	

	30-<50 nmol/L (Insufficient)
	386
	267
	1.19 (0.85 to 1.66)
	0.0
	0.69
	
	320
	285
	0.69 (0.50 to 0.94)
	0.0
	0.53

	≥50 nmol/L (Sufficient)
	371
	484
	0.88 (0.61 to 1.27)
	0.0
	0.45
	
	271
	402
	0.47 (0.33 to 0.67)
	0.0
	0.96

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	<50 nmol/L (Non-sufficient)  
	530
	371
	1.00 (ref)
	
	
	
	538
	392
	1.00 (ref)
	
	

	≥50 nmol/L (Sufficient) 
	371
	484
	0.79 (0.63 to 1.00)
	0.0
	0.53
	
	271
	402
	0.60 (0.47 to 0.76)
	0.0
	0.59

	Abbreviations:  25(OH)D, 25-hydroxyvitamin D; CI, confidence interval; CPS-II, Cancer Prevention Study-II; DBP, vitamin D-binding protein; EPIC, European Prospective Investigation into Cancer and Nutrition; IOM, Institute of Medicine; NHS, Nurses’ Health Study; RR, incidence rate ratio  

	a 25(OH)D blood concentrations calibrated to the same assay and seasonally-adjusted using the method described by Gail et al. (PMCID: PMC4853926).

	b Participants with no minor allele at GC-rs4588 (rs4588*CC genotype) were defined as not having the DBP2 isoform (or only DBP1 isoforms). 

	c Participants with minor allele at GC-rs4588 (rs4588*CA or rs4588*AA genotypes) were defined as having the DBP2 isoform.

	d Meta-RRs and 95% CIs estimated in fixed-effect meta-analyses combining study-specific RRs and 95% CIs that were estimated in unconditional logistic regression models adjusted for study-specific matching factors, BMI (continuous, kg/m2), and physical activity (combined recreational and household activity MET-hours/week, quartiles). 

	






