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Table S1: Minor allele frequency (MAF) for the body mass index and vitamin D related single nucleotide polymorphisms (SNPs)   

Gene 
name SNP rs no 

Effect 
allele 

1958BC AFOS CaMos* NHS-CGEMS HPFS-CHD NHS-T2D FHS 
Health 
ABC GENMETS HCS InCHIANTI 

MAF (%) MAF (%) MAF (%) MAF (%) MAF (%) MAF (%) MAF (%) MAF (%) MAF (%) MAF (%) MAF (%) 
BMI-related SNPs 

FTO rs9939609 A 39.1 46.5 - 39.7 42.4 40.6 40.4 42.3 37.6 43.6 43.9 
MC4R rs17782313 C 23.6 32.9 - 24 23 24.7 21.8 23 17.3 - 28.2 

TMEM18 rs2867125 C 17.4 16.8 - 18 18.2 16.3 17.8 17.9 17.1 16.7 22.2 
SH2B1 rs7498665 G 41.0 22 - 41.1 38 39 35.4 37.3 40.0 38.6 27.9 
BDNF rs4074134 C 20.4 38.6 - 20.3 22.2 21.6 20.8 20.8 15.6 - 25.3 

KCTD15 rs29941 G 32.7 38.8 - 32.2 33.3 34.1 32.4 32.5 38.2 35.1 - 
ETV5 rs7647305 C 20.9 16.1 - 21.4 22.4 21.4 21.9 21 18.5 20.0 20.2 

SEC16B rs10913469 C 21.1 14.1 - 18 20.1 22.4 18.5 16.5 17.5 19.9 15.2 
FAIM2 rs7138803 A 36.5 36.2 - 36.5 39.1 40.8 38.4 37.8 37.5 - 36.7 
NEGR1 rs3101336 C 40.0 43.9 - 36.2 36.5 38.3 36.4 35.8 35.3 40.4 - 
MTCH2 rs10838738 G 34.5 33.5 - 37.5 35.3 35.4 - 35.8 33.7 33.2 33.6 

GNPDA2 rs10938397 G 43.0 42.1 - 43.4 43.4 44 41.2 44 46.4 43.4 38.8 
Vitamin D-related SNPs 

DHCR7 rs12785878 G 22.0 30.8 27.2 25.9 27.3 26 25.8 27 37.7 25.6 24.8 
CYP2R1 rs10741657 G 39.8 33.9 37.8 40.7 38.7 40.9 40.3 37.4 39.5 38.5 31.1 

GC rs2282679 G 29.7 38.3 28.4 28.2 27.6 28.2 28.1 28.9 18.8 29.5 25.2 
CYP24A1 rs6013897  A 19.6 26.2 19.2 22.4 20.8 21.2 21.1 21.3 22.7 20.3 23.8 
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Table S1: Minor allele frequency (MAF) for the body mass index and vitamin D related single nucleotide polymorphisms (SNPs) (Cont). 

Gene 
name SNP rs no 

Effect 
allele 

LURIC* MRC Ely* NFBC 1966 PIVUS SOCCS GOOD Twins UK UKBS-CC ULSAM Young Finns 
MAF (%) MAF (%) MAF (%) MAF (%) MAF (%) MAF (%) MAF (%) MAF (%) MAF (%) MAF (%) 

BMI-related SNPs 

FTO rs9939609 A 41.9 39.7 39.0 40.4 37.2 40.7 39.7 40.6 38.9 40.2 
MC4R rs17782313 C 25.9 27 18.1 24.2 23.4 24.6 22.2 23.8 24.7 17.4 

TMEM18 rs2867125 C 18.4 17.2 15.6 17.7 18.1 16.7 17.5 16.7 15.5 16.3 
SH2B1 rs7498665 G 40.7 40.3 42.5 41.6 40.7 42.5 39.8 38.4 43.4 41.4 
BDNF rs4074134 C 22.7 26 17.2 17.8 21.3 21.3 20.5 21.6 - 16.5 

KCTD15 rs29941 G 30.6 32.5 39.6 33.3 34.7 32.4 33.5 32.1 32.1 38.8 
ETV5 rs7647305 C 23.6 18.7 17.3 - 22.3 17.8 21.8 22.5 - 16.9 

SEC16B rs10913469 C 17.2 19.5 17.6 22.6 21.5 21.7 18.6 20.6 20.7 16.8 
FAIM2 rs7138803 A 38.3 36.5 36.0 41.7 36.5 40.4 36.9 37.3 42.0 37.8 
NEGR1 rs3101336 C 37.8 38.7 36.0 41.2 39.1 38.9 39.2 39.5 40.9 34 
MTCH2 rs10838738 G 33.2 32.6 36.4 36.6 35.8 35.6 35.3 35.1 - 34.8 

GNPDA2 rs10938397 G 44.3 42.4 46.9 - 41.4 40.7 43.6 44.2 41.9 48.4 
Vitamin D-related SNPs 

DHCR7 rs12785878 G 24.0 25.0 39.2 34.8 22.2 32.9 22.8 23.0 33.3 40.2 
CYP2R1 rs10741657 G - - 42.8 43.2 40.5 40.2 40.6 40.4 43.3 42.9 

GC rs2282679 G 28.1 - 19.5 26.3 28.7 25.0 29.8 29.2 26.3 18.9 
CYP24A1 rs6013897  A 21.0 20.7 22.8 21.4 20 20.7 19.9 19.4 22.0 23.8 

   

FTO, Fat mass and obesity associated; MC4R, Melanocortin 4 receptor; TMEM18, Transmembrane protein 18; SH2B1, SH2B adaptor protein 1; 

BDNF, Brain-derived neurotrophic factor; KCTD15, Potassium channel tetramerisation domain containing 15; ETV5, ets variant 5; SEC16B, 
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SEC16 homolog B; FAIM2, Fas apoptotic inhibitory molecule 2; NEGR1, Neuronal growth regulator 1; MTCH2, Mitochondrial carrier 2; 

GNPDA2, Glucosamine-6-phosphate deaminase  

* MRC Ely study and the CaMos study were not included in the vitamin D allele score and BMI allele score analyses, respectively, as the SNPs 

required for creating the allele score were not available. For the LURIC study, CYP2R1 SNP was not available and hence, synthesis allele score 

was not created. 
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Supplementary Information 

Study details 

1. 1958 Birth cohort (1958BC):  

Data collection: The British 1958 birth cohort (1958BC) [1] includes all births during 

one week in March in England, Scotland and Wales. Participants in the study have 

been followed regularly with information collected on a wide-range of factors related 

to health, lifestyle, growth and development. At age 44-45y (August 2002 to March 

2004) cohort members were invited to a biomedical survey, which included 

measurement of weights and heights from 9,348 participants. 8,432 cohort members 

consented to genetic studies, of whom 7,414 also had information on serum 25(OH)D 

concentrations and BMI.  

Measurement of serum 25(OH)D: Serum 25(OH)D concentrations were measured 

using automated application of the IDS OCTEIA ELISA on the Dade-Behring 

BEP2000 analyzer (sensitivity of 5.0nmol/L, linearity ≤155nmol/L, and intra-assay 

CV 5.5-7.2%), with adjustment according to the mean of the Vitamin D External 

Quality Assessment Scheme.   

Measurement of BMI: Weight and standing height (n= 9,348) were measured without 

shoes and in light clothing by a trained nurse. Body mass index was calculated as 

weight (kg)/height (m)2. 

Genotyping: 3,000 DNA samples were selected as control subjects in the Welcome 

Trust Case Control Consortium 2 (WTCCC2). This includes an initial 1,500 sampled 

in the first round of WTCCC. The samples were genotyped on the Affymetrix 6.0 

platform and the genotype calling algorithm was Chiamo [2]. Sample exclusions 

included relatedness, exceeding the heterozygosity thresholds, non-European 

ancestry, gender discrepancy, outlying allele intensities from a selection of single 



2 
 

nucleotide polymorphisms (SNPs) compared to the larger sample and discordance 

with external genotyping. The SNP exclusions were done for MAF < 1%, statistical 

information from the genotyping call <0.975, Hardy-Weinberg equilibrium (HWE) p-

value <1e-20, SNP missingness >0.02 and gene-chip plate association 1e-5. An 

additional 2500 participants were genotyped by the Type 1 Diabetes Genetics 

Consortium on the Illumina 550K Infinium platform and the genotyping calling 

algorithm was Illuminus [3]. Sample exclusions were done on sample call rate > 3%, 

exceeding the heterozygosity thresholds, gender discrepancy and non-European 

ancestry. The SNP exclusions were done for MAF < 1%, HWE p-value < 1e-7 and 

SNP call rate <95%. The vitamin D SNPs were genotyped using the Taqman platform 

(Applied Biosystems, Warrington, UK). 

 

2. Amish Family Osteoporosis Study (AFOS):  

Data collection: The AFOS recruited Old Order Amish individuals from Lancaster, 

Pennsylvania, from 1997-2008 [4]. The cohort includes 1,520 individuals in 

multigenerational families, all of whom can be connected in a single pedigree. 

Participants were at least 20 years old and generally healthy. Exclusion criteria 

included malignancy, liver and kidney disease (serum creatinine > 1.3 mg/dl), Paget 

disease of bone, hypocalcaemia, untreated thyroid disease and severe hypertension. 

The current analysis is restricted to 330 participants who had genome-wide 

association study (GWAS) data as well as vitamin D and BMI measurements. 

Measurement of serum 25(OH)D: Circulating concentrations of serum 25(OH)D were 

measured in aliquots of serum samples stored at -80°C until testing using a 

radioimmunoassay procedure (DiaSorin, Stillwater, MN). The assay was run in 

duplicate at The Johns Hopkins Bayview Medical Center General Clinical Research 
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Center (Baltimore, MD) according to the manufacturer's instructions, and the mean of 

the duplicate values was used. Intra-assay and inter-assay CV were 5.19% and 7.90% 

respectively. 

Measurement of BMI: Weight and height measurements were conducted by trained 

clinic staff while participants wore lightweight clothing without shoes. Weight was 

measured to the nearest tenth of a kg and height was measured to the nearest 

millimetre. 

Genotyping: Genotyping was conducted on either Affymetrix 500K SNP or 6.0 

arrays. The GeneChip Genotyping Analysis Software (GTYPE 4.0) was used to 

generate dynamic modelling algorithm– derived genotypes 10 that were reanalyzed 

with the BRLMM (Bayesian RLMM) genotype calling algorithm (confidence 

threshold of 0.33) to improve the proportion of heterozygote calls. As an initial 

quality-control measure, BRLMM-generated chip files with call rates <90% for both 

enzymes across all SNPs were excluded. The number of monomorphic and low-

frequency SNPs (n=26,816) in the Amish was not appreciably different from that 

observed in more outbred Caucasians of the HapMap CEU sample assay. One SNP 

(rs7498665) was genotyped using TaqMan technology (ABI Life Technologies; 

Carlsbad, CA).  Imputation was conducted using MACH. 

 

3. Canadian Multicentre Osteoporosis Study (CaMos): 

Data collection: The CaMos is an ongoing, population-based prospective cohort study 

[5] consisted of all non-institutionalized Canadians living within 50 km of nine urban 

regional centers. A total of 9,424 randomly selected women (6,539) and men (2,884) 

aged 25 years and older at baseline (1995-1997), were involved in the study. All 

available subjects were measured for bone mineral density and vitamin D-related 
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traits at an initial baseline visit and participants in the study were interviewed by a 

trained interviewer to assess for vitamin D intake, osteoporosis and fracture-related 

risk factors. A second intensive interview was conducted five and ten years after 

enrolment to reassess these risk factors. Blood samples for DNA and 25(OH)D 

analyses were available for the present study from subjects enrolled at seven centres 

collected at year 10 (n= 2,297).  

Measurement of serum 25(OH)D: Serum 25(OH)D concentrations were measured by 

radio-immunoassay (DiaSorin Inc, Stillwater, MN, USA) in CaMos. Detection limits 

was 4 nmol/L. Inter- and intra-assay variability were 2.9-5.5% and 6.3-12.9%, 

respectively. 

Measurement of BMI: Weight and standing height were measured without shoes and 

in light clothing by a trained nurse. Body mass index was calculated as weight 

(kg)/height (m)2.  

Genotyping: Genotyping was performed using the Applied Biosystems (ABI) TaqMan 

protocol and Sequenom protocol. The genotype call rate is > 97%. Concordance rate 

is 100% for all the SNPs. There were no significant deviations from HWE (p >0.05). 

 

4. Cancer Genetic Markers of Susceptibility, case control study of breast 

cancer (NHS-CGEMS) 

Data collection: Nurses’ Health Study (NHS) began in 1976 when 121,700 female US 

registered nurses, 30 to 55 years of age were enrolled [6]. The cohort is contacted 

every 2 years by questionnaire to update diet, medications, anthropometrics and 

incident physician-diagnosed illnesses with response rates to the follow-up 

questionnaires are >90% in each cycle. Between 1989 and 1990, 32,826 women 

between the ages of 43 and 69, have provided blood samples. For the present study, 
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870 women with GWAS data and serum 25(OH)D were taken from a nested case-

control study of breast cancer conducted in NHS [Cancer Genetic Markers of 

Susceptibility]. 

Measurement of serum 25(OH)D: Serum 25(OH)D concentrations for NHS-CGEMS 

plasma samples were measured by radioimmunoassay (RIA) [7] in three batches, two 

in Dr. Michael Hollick’s laboratory at Boston University School of Medicine 

(coefficients for variation (CV) 8.7 – 17.6%) and a third in Dr. Bruce Hollis’ 

laboratory at the Medical University of South Carolina in Charlestown, SC (CV 8.7%) 

[8]. 

Measurement of BMI: The NHS mailed questionnaire includes items about their 

medical history including height and weight. These measures taken at the time of 

blood draw were used to compute BMI defined as weight in kilograms divided by 

height in meters to the second power. Should these measures not be available at the 

time of blood draw, the information was taken from the preceding questionnaire (2 

years prior). 

Genotyping: GWAS genotyping used the Illumina 550K platform. Genotypes for 

markers contained on the Affymetrix 6.0 platform and not on the Illumina 550K 

platform were imputed using a Markov Chain based Haplotyper (MACH) and 

HapMap CEU reference panel (Rel 22), with retention of only high quality SNPs with 

a MACH-r2 of 0.95 or greater in all five data sets. Quality-control assessment of 

genotypes including sample completion rates, SNP call rates, concordance rates, 

deviation from Hardy–Weinberg proportions in control DNA and final sample 

selection for associational analysis are described in detail elsewhere. 

 

5. Case-control study of coronary heart disease (HPFS-CHD) 
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Data collection: The Health Professionals Follow-up Study (HPFS) began in 1986 

when 51,529 US male dentists, optometrists, osteopaths, podiatrists, pharmacists, and 

veterinarians, ages 40–75 years, responded to a mailed questionnaire [9]. Baseline 

information on age, marital status, height, weight, ancestry, medications, smoking 

history, medical history, physical activity, and diet was collected, and medical history 

information is updated every two years. Blood samples were collected from 18,225 of 

the HPFS participants from 1993 to1995. For the present study, we used 1,245 control 

individuals with GWAS and serum 25(OH)D data taken from a case-control study of 

coronary heart disease in the HPFS [10].  

Measurement of serum 25(OH)D: Plasma samples were measured by 

radioimmunoassay (RIA) in Dr. Hollis’ lab (CV: 11.5%). 

Measurement of BMI: The HPFS mailed questionnaire includes items about their 

medical history including height and weight. These measures taken at the time of 

blood draw were used to compute BMI defined as weight in kilograms divided by 

height in meters to the second power. Should these measures not be available at the 

time of blood draw, the information was taken from the preceding questionnaire (2 

years prior). 

Genotyping: GWAS genotyping used the Affymetrix 6.0 platform in the T2D. 

Genotypes for markers contained on the Illumina 550K platform and not the 

Affymetrix 6.0 platform were imputed using a Markov Chain based Haplotyper 

(MACH) and HapMap CEU reference panel (Release 22), with retention of only high 

quality SNPs with a MACH-r2 of 0.95 or greater in all five data sets. Quality-control 

assessment of genotypes including sample completion rates, SNP call rates, 

concordance rates, deviation from Hardy–Weinberg proportions in control DNA and 

final sample selection for associational analysis are described in detail elsewhere. 
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6. Case-control study of type II diabetes (NHS-T2D) 

Data collection: Nurses’ Health Study (NHS) began in 1976 when 121,700 female US 

registered nurses, 30 to 55 years of age were enrolled. The cohort is contacted every 2 

years by questionnaire to update diet, medications, anthropometrics and incident 

physician-diagnosed illnesses with response rates to the follow-up questionnaires are 

>90% in each cycle. Between 1989 and 1990, 32,826 women between the ages of 43 

and 69, have provided blood samples. Cases were matched to non-diabetic controls on 

age, month, and year of blood draw and fasting status. To minimize potential bias due 

to population stratification, we restricted our analyses to non-Hispanic whites. 720 

women with GWAS data and serum 25(OH)D were taken from a nested case-control 

study of type II diabetes (T2D) [11] and were used in the present study. 

Measurement of serum 25(OH)D: Plasma levels of 25(OH)D were measured in the 

Nutrition Evaluation Laboratory in the Human Nutrition Research Center on Aging at 

Tufts University (CV 8.7%) by  rapid extraction followed by equilibrium I-125 RIA 

procedure as specified by the manufacturer’s procedural documentation and analyzed 

by gamma counter (Cobra II, Packard). 

Measurement of BMI: The NHS mailed questionnaire includes items about their 

medical history including height and weight. These measures taken at the time of 

blood draw were used to compute BMI defined as weight in kilograms divided by 

height in meters to the second power. Should these measures not be available at the 

time of blood draw, the information was taken from the preceding questionnaire (2 

years prior). 

Genotyping: GWAS genotyping used the Affymetrix 6.0 platform in the T2D. 

Genotypes for markers contained on the Illumina 550K platform and not the 
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Affymetrix 6.0 platform were imputed using a Markov Chain based Haplotyper 

(MACH) and HapMap CEU reference panel (Release 22), with retention of only high 

quality SNPs with a MACH-r2 of 0.95 or greater in all five data sets. Quality-control 

assessment of genotypes including sample completion rates, SNP call rates, 

concordance rates, deviation from Hardy-Weinberg proportions in control DNA and 

final sample selection for associational analysis are described in detail elsewhere. 

 

7. Framingham Heart Study (FHS): 

Data collection: The FHS consists of three cohorts. The original cohort was recruited 

in 1948 and includes 5,209 participants from Framingham, Massachusetts, US [12]. 

Clinical exams were conducted every other year to investigate cardiovascular disease 

and related risk factors. The Offspring cohort is comprised of 5,124 children of the 

Original cohort and the children's spouses. They were recruited in 1971, and have 

undergone examinations roughly every four years. A total 4,095 children of the 

Offspring cohort form the Third Generation cohort were enrolled in 2002. The current 

study sample consists of 1,815 individuals from the Offspring Generation who 

attended the 5th examination (1991-1995) and 3,841 from the Third Generation who 

attended the 1st examination (2002-2005). 

Measurement of serum 25(OH)D: 25(OH)D was determined by a competitive protein-

binding assay. Intra-assay CV for this assay was 7%. 

Measurement of BMI: BMI was derived as weight (in kilograms) divided by the 

square of height (in meters). 

Genotyping: Genotyping was performed using the Affymetrix 500K SNP arrays 

supplemented with the MIPS 50K array. Samples were excluded if they had call rate 
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< 97%, excess Mendelian errors (> 1000) or average heterozygosity outside of 5 SD 

of mean (< 25.758% or > 29.958%).   

 

8. Health, Aging and Body Composition (Health ABC) Study:   

Data collection: The Health ABC study is a prospective cohort study investigating the 

associations between body composition, weight-related health conditions, and 

incident functional limitation in older adults [13]. Health ABC enrolled well-

functioning, community-dwelling black (n=1,281) and white (n=1,794) men and 

women aged 70-79 years between April 1997 and June 1998.  Participants were 

recruited from a random sample of white and all black Medicare eligible residents in 

the Pittsburgh, PA, and Memphis, TN, metropolitan areas in the United States. 

Participants have undergone annual exams and semi-annual phone interviews. The 

current study sample consists of 1,558 white participants who attended the second 

exam in 1998-1999 with available genotyping and serum 25(OH)D concentrations.   

Measurement of serum 25(OH)D: Serum 25(OH)D concentrations were measured 

using fasting blood samples collected in the morning after a 12-hour fast, centrifuged, 

and stored at -80° C. Serum 25(OH)D was measured using a 2-step 

radioimmunoassay (25-Hydroxyvitamin D 125I RIA Kit, DiaSorin, Stillwater, Minn., 

USA).  The inter- and intra-assay coefficients of variation for serum 25(OH)D were 

6.78% and 9.16%, respectively.  

Measurement of BMI: Weight without shoes or heavy jewellery and wearing a 

standard clinic gown was measured in kilograms using a standard balance beam scale. 

Height without shoes was measured in millimetres using a Harpenden stadiometer 

(Holtain Ltd., Crosswell, United Kingdom).  Body mass index was calculated as 

weight (in kg) / height (in m) squared.  
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Genotyping: Genotyping was performed by the Center for Inherited Disease Research 

(CIDR) using the Illumina Human1M-Duo BeadChip system. Samples were excluded 

from the dataset for the reasons of sample failure, genotypic sex mismatch, and first-

degree relative of an included individual based on genotype data.  Genotyping was 

successful in 1663 Caucasians. Analysis was restricted to SNPs with minor allele 

frequency ≥ 1%, call rate ≥97% and HWE p≥10-6. Genotypes were available on 

914,263 high quality SNPs for imputation based on the HapMap CEU (release 22, 

build 36) using the MACH software (version 1.0.16).   

 

9. Health2000 GenMets (GENMETS) Study:  

Data collection: The GENMETS sample is a subset of 2,212 individuals of the 

Health2000 study [14] collected as metabolic syndrome cases and their matched 

controls. The health 2000 survey was conducted in 2000 and 2001 in Finland. The 

survey included an interview on medical history, health-related lifestyle habits, and a 

clinical examination where a blood sample was drawn. For the present study, a total 

of 868 controls with genotype data, BMI and vitamin D measurements were included.  

Measurement of serum 25(OH)D: Serum 25(OH)D concentrations were measured 

using 25-hydroxyvitamin D RIA kit method (DiaSorin, Stillwater, MN, USA). The 

intra-assay coefficient of variation (CV) was 3,5 % and the interassay CV was 6.9 % 

at the concentration of 36 nmol/l. The limit of detection was 3,5 nmol/l. The serum 

specimens were stored frozen at - 70 C until analysed and protected from light when 

processed. 

Measurement of BMI: BMI was calculated as weight (kg)/height (m2) using height 

measured with wall-mounted stadiometer and weight measured with digital scale or 

bioimpedance device. 
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Genotyping: Genotyping was done on Illumina 610K arrays. 598,203 SNPs were 

successfully called with Illuminus software. Sample exclusions included sample call 

rate (<95%), relatedness, heterozygosity and gender discrepancy. The SNP exclusions 

were done for MAF < 1%, call rate < 95%, SNP clustering probability for each 

genotype < 95%, HWE p < 1x10-6. 

 

10. Hertfordshire cohort study (HCS) 

Data collection: The Hertfordshire Cohort Study (HCS) has recruited 3000 men and 

women born in Hertfordshire UK during 1931-9 and still living there in adult life [15].  

Participants in the study have been followed regularly with information collected on a 

wide range of factors related to health, lifestyle and infant growth. During 1998-2003 

cohort members attended a research clinic, which included anthropometric data 

collection and blood sampling for genetic studies and serum 25(OH)D concentration. 

Full informed consent was obtained. In total, the present study included 2,997 

individuals.  

Measurement of serum 25(OH)D: Automated DiaSorin chemiluminescent assay (CV 

10-12% within batch, and 10-15% between batch) was used to measure 25(OH)D. 

Measurement of BMI: Height was measured to the nearest 0.1cm using a Harpenden 

pocket stadiometer; weight was measured to the nearest 0.1kg on a SECA floor scale. 

Genotyping: Genotyping was performed using TaqMan SNP genotyping assays 

(Applied Biosystems, Warrington, UK) according to the manufacturer’s protocol. 

Genotype frequencies were in HWE (p>0.01). Call rates were >98%. 100% 

concordances of duplicates (n=300) were observed. 

 

11. InCHIANTI study  
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Data collection: The InCHIANTI study comprises of over 1200 aging individuals 

from Chianti, Tuscany in the northern region of Italy [16]. Participants in the study 

have been followed up every 3 years in order to record information regarding health 

and lifestyle. During the first wave (1998) participants undertook a medical 

examination in which blood measures were taken in addition to anthropometric traits. 

Total of 1,210 individuals had all necessary covariates available and were analysed in 

the present study. 

Measurement of serum 25(OH)D: Serum levels of vitamin D (25OHD) were 

measured by radioimmunoassay (RIA kit; DiaSorin, Stillwater, MN). The intra-assay 

and inter-assay coefficients of variation for vitamin D were 8.1% and 10.2%, 

respectively.  

Measurement of BMI: Height and weight were measured at the study clinic, and BMI 

was calculated as weight (in kg) divided by the square of height (in m). 

Genotyping: The samples were genotyped using the Illumina Infinium HumanHap550 

platform. Samples were initially assessed for genotype success rate (>98%) and 

concordance of reported and genotype gender. Nine samples were removed from 

further analysis due to gender mismatch. Eighty seven samples failed the cut off 

genotype success rate of 98%; forty eight of these samples were re-purified and 

successfully genotyped, thus in total 48 samples were removed from further analysis.  

 

12. Ludwigshafen Risk and Cardiovascular Health (LURIC) Study: 

Data collection: The LURIC Study is a prospective cohort study among 3,316 study 

participants who were routinely referred to a tertiary care medical centre in south-west 

Germany between 1997 and 2000 [17]. Inclusion criteria were the availability of a 

coronary angiogram, German ancestry and clinical stability with the exception of 
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acute coronary syndromes (ACS).  Exclusion criteria were any acute illness other than 

ACS, any chronic disease where non-cardiac disease predominated and a history of 

malignancy within the past five years. Patients were continuously followed up with 

respect to fatal events. 25(OH)D was measured in 3,299 patients of the LURIC study. 

Measurement of serum 25(OH)D: 25(OH)D was measured in serum by means of a 

radioimmunoassy (RIA) (DiaSorin, Antony, France, and Stillwater, MN) with intra- 

and inter-assay coefficients of variation of 8.6 and 9.2, respectively.  

Measurement of BMI: Body weight was measured without shoes and in light clothing 

by a trained nurse. Body height was recorded to the nearest centimetre with the 

subject barefoot and in the upright position. Body mass index was calculated as 

weight (kg)/hight (m)². Body mass index was available in all 3,316 study participants.  

Genotyping: DNA samples of 1,985 patients were genotypes with the Affymetrix 

Genome-Wide Human SNP Array 6.0 (Affymetrix 6.0) and 500K. Samples with low 

call rate (<90 %), cryptic relatedness or gender discrepancy were excluded from 

analyses. SNP exclusions were done for MAF<1%, HWE <10e-6 and low call rate 

(<95%). 

 

13. Medical Research Council Ely (MRC Ely) Study: 

Data collection: The participants in this study are a subset of the Ely Study 

(Cambridgeshire, U.K.), which was established in 1990 as a prospective study; 

detailed methodology has been described previously [18]. In brief, from a sampling 

frame of all adults free of known diabetes and registered with a single practice serving 

Ely, 1,122 European-origin adults, aged 40–69 years, were randomly selected 

(response rate 74%). The baseline examination, during which blood samples were 

taken for measurement of serum 25(OH)D concentrations, took place between 1990 
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and 1992. Blood samples for DNA extraction were obtained during the second follow-

up examination that took place between 2000-2003. Of the 1,122 individuals, 337 

individuals were excluded from analyses because of missing data for serum 25(OH)D 

concentrations (n=5) and missing DNA due to lost to follow-up (n = 332). A total of 

785 individuals formed the present study population.  

Measurement of serum 25(OH)D: Fasting serum 25(OH)D concentration was 

measured by radioimmunoassay using acetonitrile extracts of serum [19] (CV <15%). 

Measurement of BMI: Participants attended health check examinations in the morning 

after an overnight fast. We performed anthropometric measurements to standard 

protocol, including weight (kg), and height (m), and calculated BMI (weight in 

kilograms divided by the square of height in meters [kg/m2].   

Genotyping: Most SNPs were genotyped using the 'metabochip' which is a 200k bead‐

type custom array from Illumina. A few SNPs were genotyped on the Sequenom 

iPLEX system, whereas the two vitD SNPs were genotyped using TaqMan. The call 

rate and the concordance rate for genotyping ranged from 95-100% and 97-100%, 

respectively.  

 

14. Northern Finland Birth Cohort 1966 (NFBC1966) study 

Data collection: NFBC1966 was originally designed to study factors affecting pre‐

term birth, low birth weight and subsequent morbidity and mortality [20]. Mothers 

living in the two northern‐most provinces of Finland were invited to participate if they 

had expected delivery dates during 1966. A total of 12,058 live‐births were in the 

study. At age 31 all individuals still living in the Helsinki area or Northern Finland 

were asked to participate in a detailed biological and medical examination (n=6,007) 
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as well as a questionnaire. Genotype and measured BMI data were available on 4,453 

individuals in this study with multiple births being excluded.  

Measurement of serum 25(OH)D: Total 25-hydroxyvitamin D was measured with 

high-performance liquid chromatography-tandem mass spectrometry.  

Measurement of BMI: Anthropometric measures, including height, weight and waist 

circumference were taken.  

Genotyping: For NFBC, genomic DNA was extracted from whole blood using 

standard methods. All DNA samples for the Illumina Infinium 370cnvDuo array were 

prepared for genotyping by the Broad Institute Biological Sample Repository (BSP). 

All individuals in the study were genotyped with call rates >95%. SNPs were 

excluded from analysis if the call rate in the final sample was < 95%, if the P value 

from a test of HWE was <0.0001, or if the MAF was <1%. 

 

15. Prospective Investigation of the Vasculature in Uppsala Seniors (PIVUS): 

Data collection: The PIVUS (http://www.medsci.uu.se/pivus/pivus.htm) has been 

described in detail previously [21]. Briefly, all 70-yr-old individuals living in 

Uppsala, Sweden, in 2001–2004 were eligible for the PIVUS, and 2025 randomly 

selected individuals were invited within 2 months of their 70th birthday from April 

2001 to June 2004. Of these, 1016 (50%) participated in the study. At the examination 

the participants underwent a blood pressure measurement and anthropometry, blood 

sampling after an overnight fast, routine medical history, and assessment of BMD 

using dual-energy x-ray absorptiometry (DXA). In total, the present study included 

1,013 individuals.  

Measurement of serum 25(OH)D: 25-hydroxyvitamin D2 and D3 in serum were 

measured as a standard procedure at the department of Clinical Chemistry at Uppsala 
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University Hospital. The LIAISON® 25-hydroxyvitamin D Assay (DiaSorin) uses 

chemiluminescent immunoassay technology. CV for inter-assay analyses is 18.4% at 

a 25-hydroxyvitamin D level of 39.5 nmol/L and 11.7% at 121.2 nmol/L. The intra-

assay CV is 7.1% at 44.7 nmol/L and 3.6% at 120.0 nmol/L. 

Measurement of BMI: Weight and standing height (n=1194) were measured without 

shoes and in light clothing by a trained nurse. Body mass index was calculated as 

weight (kg)/height (m)2. 

Genotyping: The SNPs were genotyped as part of a larger panels of SNPs at the SNP 

technology platform at Uppsala University (http://www.genotyping.se/) on an 

Illumina BeadStation 500GX using Infinium iSelect and Golden Gate assays from 

Illumina Inc [22]. Genotyping calls were performed with Illumina BeadStudio or 

GenCall software. Samples with low call rate (<90 %), excess heterozygosity or 

cryptic relatedness were excluded from analyses. SNPs with a call rate less than 90%, 

or that failed HWE (exact P-value<1x10-6) were excluded from the study. 

  

16. Scottish Colorectal Cancer Study (SOCCS): 

Data collection: SOCCS is the Scottish national case control study of colorectal 

cancer (the Study of Colorectal Cancer in Scotland, SOCCS) [23]. Participants were 

recruited in the period from 1999 to 2006. Wide range of lifestyle, diet and health 

information was collected, including measurements of vitamin D. The whole cohort 

includes 4,284 participants, but only ~2000 were genotyped. Total of 1,176 controls 

had all necessary covariates available and were analysed in the present study.  

Measurement of serum 25(OH)D: The liquid chromatography-tandem mass 

spectrometry (LC-MS/MS) method was used to measure 25-hydroxyvitamin D3 and 

D2. The LC-MS/MS method was performed following standard protocols and 
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appropriate quality control procedures (including standardisation against standard 

reference material, SRM 972). CV for inter- and intra-assay analyses for 25-

hydroxyvitamin D3 and D2 is less than 10% [24].  

Measurement of BMI: BMI was calculated from self-reported height and weight 

information.   

Genotyping: 2000 DNA samples were genotyped, but for only ~1,600, vitamin D 

measurements were available. Samples were genotyped on the Illumina Hum300 and 

240S, and genotype calling algorithm was Beadstudio. Sample exclusions included 

exceeding heterozygosity thresholds, ethnic outliers, gender discrepancy and low call 

rate (less than 90%). SNP exclusions were done for MAF<1%, HWE <10e-6 and low 

call rate (<95%). 

 

17. The Gothenburg Osteoporosis and Obesity Determinants (GOOD) Study:  

Data collection: The Gothenburg Osteoporosis and Obesity Determinants (GOOD) 

study was initiated to determine both environmental and genetic factors involved in 

the regulation of bone and fat mass [25]. Male study participants were randomly 

identified in the greater Gothenburg area in Sweden using national population 

registers, contacted by telephone, and invited to participate. To be enrolled in the 

GOOD study, participants had to be between 18 and 20 years of age. There were no 

other exclusion criteria, and 49% of the study candidates agreed to participate. A total 

of 921 individuals were included for the present study.  

Measurement of serum 25(OH)D: Serum levels of 25-hydroxyvitamin D were 

measured by radioimmunoassay  (DiaSorin Inc, Stillwater, MN) (n = 921). Intra-assay 

CV was 6%. 
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Measurement of BMI: Height was measured using a wall-mounted stadiometer, and 

weight was measured to the nearest 0.1 kg. Body mass index was calculated as weight 

(kg)/height (m2).  

Genotyping: Genotyping was performed with Illumina HumanHap610 arrays at the 

Genetic Laboratory, Department of Internal Medicine, Erasmus Medical Center, 

Rotterdam, the Netherlands. Genotypes were called using the BeadStudio calling 

algorithm. Genotypes from 938 individuals passed the sample quality control criteria 

[exclusion criteria: sample call rate <97.5%, gender discrepancy with genetic data 

from X-linked markers, excess autosomal heterozygosity >0.33 (~FDR < 0.1%), 

duplicates and/or first degree relatives identified using IBS probabilities (>97%), 

ethnic outliers (3 SD away from the population mean) using multi-dimensional 

scaling analysis with four principal components]. We sequentially discarded intensity-

only markers and markers with a SNP call rate <95%.  

 

18. Twins UK 

Data collection: The Twins registry in St. Thomas' Hospital, King's College London 

recruited a total sample of 11,000 identical and non-identical, mostly female 

Caucasian, twins from across the UK through national media campaigns [26]. Their 

age ranges between 16 and 85 years. Over 7,000 twins have attended detailed clinical 

examinations with a wide range of phenotypes over last 18 years. All participants 

were recruited without presence or interest in any particular disease or trait. We used 

1,930 individuals for the present study.  

Measurement of serum 25(OH)D: Total 25-hydroxyvitamin D levels were measured 

by radioimmunoassay using Diasorin RIA kit (Diasorin, Minnesota, USA). This assay 

has a detection limit of 4 nmol/L and CV of 9.1% at 22 nmol/L. 
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Measurement of BMI: Weight and standing height were measured without shoes and 

in light clothing by a trained nurse. Body mass index was calculated as weight 

(kg)/height (m)2. 

Genotyping: Genotyping in the TwinsUK study was performed using Illumina 610K 

SNP. Analyses were restricted to SNPs with call rate of genotype ≥ 98% with average 

heterozygosity within 3 SD of mean (< 0.3042438 and > 0.3267991). MAF was set as 

>1% and HWE P > 10-4. IMPUTE software was used for imputation. 

 

19. UK Blood Services Common Control Collection (UKBS-CC)  

Data collection: The UKBS-CC is an anonymised collection of 3100 DNA samples 

from healthy blood donors (mean age: 45 years). The collection has been established 

by the three British blood services of England, Scotland, and Wales as part of the 

Wellcome Trust Case Control Consortium (WTCCC) study [27] 

(http://www.wtccc.org.uk/).  For the present study, we included 2,638 individuals 

with genotype, vitamin D and BMI measurements. 

Measurement of serum 25(OH)D: 25(OH)D was measured in serum by means of a 

radioimmunoassy (RIA) (DiaSorin). The inter- and intra-assay CVs were 6.3% and 

2.2%, respectively.  

Measurement of BMI: Self-reported height and weight was collected at time of 

consent.  

Genotyping: 3,000 DNA samples were selected as control subjects in the Welcome 

Trust Case Control Consortium 2 (WTCCC2). This includes an initial 1,500 sampled 

in the first round of WTCCC. The samples were genotyped on the Affymetrix 6.0 and 

Illumina 1.2M platforms.  

 

http://www.wtccc.org.uk/
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20. Uppsala Longitudinal Study of Adult Men (ULSAM) 

Data collection: The ULSAM was initiated in 1970 when all men born during the 

years 1920-24 and living in Uppsala, Sweden were invited at age 50 to participate in a 

health survey focusing on identifying cardiovascular risk factors 

(http://www.pubcare.uu.se/ULSAM) [28]. The present analyses are based on 

measurements made at the third examination cycle of the ULSAM cohort, when 

participants were approximately 71 years old (1991-95, n=1221). Of these, 1,194 

participants had measurements of plasma 25(OH)D and were included in this study. 

Measurement of serum 25(OH)D: Total plasma 25(OH)D, including 25-

hydroxyvitamin D3 and D2, was determined with high-pressure liquid 

chromatography (HPLC) atmospheric pressure chemical ionization (APCI) mass 

spectrometry (MS) at Vitas, Oslo, Norway (www.vitas.no). HPLC was performed 

with a Hewlett Packard 1100 liquid chromatography (Agilent Technologies, Palo Alto 

CA, USA) interfaced by APCI to a Hewlett Packard mass spectrometer operated in 

single-ion monitoring mode (SIM). Recovery is 95%; the method is linear from 5-400 

nmol/L and the limit of detection is 1-4 nmol/L. The Coefficients of Variation (CV) 

for inter-assay analyses are 7.6% at 25-hydroxyvitamin D concentrations of 47.8 

nmol/L and 6.9% at 83.0 nmol/L. The intra-assay CV was 5.1% at 47.8 nmol/L and 

6.1% at 83.0 nmol/L. The assay is accredited by the Vitamin D External Quality 

Assessment Scheme (DEQAS).   

Measurement of BMI: Weight and standing height (n= 1,194) were measured without 

shoes and in light clothing by a trained nurse. Body mass index was calculated as 

weight (kg)/height (m)2. 

Genotyping: The SNPs were genotyped as part of a larger panels of SNPs at the SNP 

technology platform at Uppsala University (http://www.genotyping.se/) on an 

http://www.pubcare.uu.se/ULSAM
http://www.vitas.no/
http://www.genotyping.se/
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Illumina BeadStation 500GX using Infinium iSelect and Golden Gate assays from 

Illumina Inc.. Genotyping calls were performed with Illumina BeadStudio or GenCall 

software. Samples with low call rate (<90 %), excess heterozygosity or cryptic 

relatedness were excluded from analyses. SNPs with a call rate less than 90%, or that 

failed (exact P-value<1x10-6) were excluded from the study. 

  

21. Young Finns Study:  

Data collection: The first cross-sectional survey was conducted in 1980 all around 

Finland [29]. Total sample size was 4,320 boys and girls in 6 age cohorts (aged 3, 6, 

9, 12, 15 and 18). These individuals were randomly chosen from the national register. 

A total of 3,596 individuals (83.2% of those invited) participated the study in 1980. 

After that, several follow-up studies of this cohort have been conducted. The latest 

follow-up was performed in 2007, when the study subjects had reached the age of 30 

to 45 years. In the latest follow-up in 2007 a total of 2,204 subjects were examined 

[30]. For the present study, we included 2,442 individuals with genotype, BMI and 

vitamin D measurements.  

Measurement of serum 25(OH)D: Serum 25(OH)D concentrations were determined 

using radioimmunoassay (DiaSorin, Stillwater, Minnesota). The detection limit was 

3.8 nmol/l, sensitivity = 1 nmol/l, measurement range = 12.5 - 250 nmol/l, inter-assay 

CV 8.0% (n = 137) and intra-assay CV 1.8 – 11.0% (n = 5) at the mean level of 43.8 

nmol/l).  

Measurement of BMI: Weight and standing height (n=2170) were measured without 

shoes and in light clothing by a trained nurse. Body mass index was calculated as 

weight (kg)/height (m)2. 
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Genotyping: The genome-wide SNP genotyping of YF-study was done by a custom 

Illumina BeadChip containing 670,000 SNPs and copy-number variant (CNV) probes 

from 2,442 YF participants (1,123 males, 1,319 females). The custom 670K chip 

shares 562,643 SNPs in common with the Illumina Human610 BeadChip. Genotypes 

were called using Illumina’s clustering algorithm (Illuminus). A total of 2,556 

samples were genotyped. After initial clustering, we removed 2 individuals for poor 

call rates (CR<0.90), and 54 samples failed subsequent quality control (QC) (i.e., 

duplicated samples, heterozygosity, low call rate, or custom SNP fingerprint genotype 

discrepancy). The following filters were applied to the remaining data: MAF 0.01, 

GENO 0.05, MIND 0.05, and HWE 1 x 10-6. Three of 2,500 individuals were 

removed for low genotyping (MIND > 0.05), 11,766 markers were excluded based on 

HWE test (P ≤ 1 x 10-6), 7,746 SNPs failed missingness test (GENO > 0.05), 34,596 

SNPs failed frequency test (MAF < 0.01) and one individual failed gender check. 

None were removed by subsequent heterozygosity check.  In that point, there were 

546,770 SNPs and 2,496 individuals which were utilized to generate an identity-by-

descent (IBD) matrix file in PLINK. There were 51 pairs of individuals with pi-hat 

greater than 0.2 thus these individuals removed due to possible relatedness. One of the 

pair was removed using greater missingness as criteria. After final frequency and 

genotyping running, there was 546,677 SNPs available from a sample of 2442 Young 

Finns individuals. Genotype imputation was performed for the YF SNP data using 

MACH with the HapMap (phase II, release 22 CEU, NCBI build 36, dbSNP 126) 

haplotypes as reference. 
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