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Supplementary Table 1. Details of studies and datasets used for analyses  
 

 
 
ALSPAC indicates The Avon Longitudinal Study of Parents and Children; AGES, Age Gene/Environment Susceptibility Reykjavik Study; ARIC, The 
Atherosclerosis Risk in Communities Study (ARIC); BPROOF, B-Vitamins for the PRvention Of Osteoporotic Fractures; BLSA, The Baltimore 
Longitudinal Study of Aging; BMDCS, Bone Mineral Density in Childhood Study; CoLaus, Cohort Lausannoise; CHS, Cardiovascular Health Study; 
FHS, Framingham Heart Study; GOOD, Gothenburg Osteoporosis and Obesity Determinants; Generation R, The Generation R Study; HABC, Health 
ABC; LBC1936, Lothian Birth Cohort 1936; MrOS, Osteoporotic Fractures in Men USA; MrOS GBG, Osteoporotic Fractures in Men Gothenburg; MrOS 
MALMO, Osteoporotic Fractures in Men Malmo; NEO,Netherlands Epidemiology of Obesity; OGP, Ogliastra Genetic Park - Talana Study; ORGCADES, 

Orkney Complex Disease Study; PIVUS, Prospective Investigation of the Vasculature in Uppsala Seniors; RSI, Rotterdam Study‐I; RSII, Rotterdam 
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Study‐II; RSIII, Rotterdam Study‐III; RS, The Rotterdam Study; SHIP, Study of Health in Pomerania; TUK,TwinsUK; ULSAM, Uppsala Longitudinal 

Study of Adult Men; Indiana, Indiana Sisters Cohort; NESDA, Netherlands Study of Depression and Anxiety; OGP–Talana, Ogliastra Genetic Park–
Talana Study; GOOD, Gothenburg Osteoporosis and Obesity Determinants; Amish, Amish Family Osteoporosis Study; MDRD, Modification of Diet in 
Renal Disease.  
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Supplementary Table 2. Characteristics of the single-nucleotide polymorphisms associated with serum 25-hydroxyvitamin D and calcium 
levels and their associations with type 2 diabetes, fasting glucose, fasting insulin, β-cell function and insulin resistance  
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Chr indicates chromosome; EA, effect allele; EAF, effect allele frequency; HOMA-B and HOMA-IR, homeostatic model assessment for β-cell function 
and insulin resistance; SE, standard error; SNP, single-nucleotide polymorphisms; 25OHD, 25-hydroxyvitamin D.  
*The beta coefficients represent the change in serum levels of calcium (in mg/dL) and 25OHD (in ln-nmol/L for all SNPs but rs117913124, which is in SD 
units) for each additional effect allele.  
†The beta coefficients represent the log odds ratio of type 2 diabetes for each additional effect allele.  
‡The beta coefficients represent the change of level in mmol/l for each additional effect allele.  
§The beta coefficients represent the change of natural log of level in pmol/l for each additional effect allele.  
||The beta coefficients represent the change of natural log of score (HOMA-B= 20 × insulin/(glucose − 3.5)) for each additional effect allele.  
#The beta coefficients represent the change of natural log of score in pmol/l × mmol/L (HOMA-IR= glucose × insulin/22.5) for each additional effect 
allele.  
**SNPs in GCKR gene were excluded from all analyses due to multiple pleitropic associations with potential confounders.  
††The beta coefficient represents the change in standard deviations of the standardized ln-transformed serum 25OHD levels.  
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Supplementary Table 3. Characteristics of the single-nucleotide polymorphisms associated with serum parathyroid hormone levels and their 
associations with type 2 diabetes  
 

 
 
Chr indicates chromosome; EA, effect allele; EAF, effect allele frequency; SE, standard error; SNP, single-nucleotide polymorphisms; S-PTH, serum 
parathyroid hormone.  
*The beta coefficients represent the change in serum levels of parathyroid hormone (in pg/mL) for each additional effect allele.  
†The beta coefficients represent the log odds ratio of type 2 diabetes for each additional effect allele.  
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Supplementary Table 4. Related traits of the single-nucleotide polymorphisms associated with serum 25-hydroxyvitamin D from 
PhenoScanner V2  
 

 
 
EA indicates effect allele; NA, not available; Web of PhenoScanner V2: http://www.phenoscanner.medschl.cam.ac.uk/  
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Supplementary Table 5. Related traits of the single-nucleotide polymorphisms associated with serum calcium from PhenoScanner V2  
 

 
 
EA indicates effect allele; NA, not available; Web of PhenoScanner V2: http://www.phenoscanner.medschl.cam.ac.uk/  
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Supplementary Figure 1. Schematic diagram of the Mendelian randomization assumptions underpinning a Mendelian randomization 
analysis of the association between S-25OHD, S-Ca, S-PTH levels and type 2 diabetes and glycemic traits.  
 

 
 
HOMA-B indicates homeostatic model assessment of beta-cell; HOMA-IR, homeostatic model assessment of insulin resistance; S-25OHD, serum 25-
hydroxyvitamin D; S-Ca, serum calcium; S-PTH, serum parathyroid hormone.  
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Supplementary Figure 2. Associations between serum 25OHD and the risk of type 2 diabetes based on body mass index unadjusted data in 
Mendelian Randomization analyses  
 

 
 
CI indicates confidence interval; OR, odds ratio; SNP, single-nucleotide polymorphisms; S-25OHD, serum 25-hydroxyvitamin D.  
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Supplementary Figure 3. Associations between serum 25OHD level and changes of glycemic traits from Mendelian Randomization 
Analyses  

 
 
CI indicates confidence interval; HOMA-B, homeostatic model assessment for β-cell dysfunction; HOMA-IR, homeostatic model assessment for insulin 
resistance; IVW, inverse-variance weighted; MR-Egger, Mendelian randomization Egger regression; SD, standard deviation; S-25OHD, serum 25-
hydroxyvitamin D;  
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Supplementary Figure 4. Associations between serum calcium level and changes of glycemic traits in Mendelian Randomization Analyses  
 

 
 
CI indicates confidence interval; HOMA-B, homeostatic model assessment for β-cell dysfunction; HOMA-IR, homeostatic model assessment for insulin 
resistance; IVW, inverse-variance weighted; MR-Egger, Mendelian randomization Egger regression; SD, standard deviation; S-Calcium, serum calcium;  


